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3 AR R IUR BB R R LR, MORALR T R R R KA, DORAI R AR AR AR T Atk A
Fi¥ 8 7% &, mRNAJZ vy [ A0 o (6 9, 72 e R IR o R I RAF 893697 R A B KB B 7 /7. mRNAJZ v B9 1A,
BETHRENT LAY, GEHRRE, URESRABUNEERE. ENT BN EFA, BERT %4
P KRG, 8] B PT DA B 2 R AT R AR B9 R . b, mRNAZ IR Z M D4 2 9B in kiR, HREERA
WY R A A BB R, TG R W AR, B A, £ M A mRNARF B & 7 6 R AR R AL BRF 2 &%
BoEREYE, BT HEAMBIET TANEA. AXEE T HEETENRNAZ K. £, REURS

ik ERALEL. SriRE. REASG. BRMEMHIKESE, § 721828687 EmRNAK & 69 & & A B A
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A0 o R PEATLAAS B X o S P P8 7 D™ A 3 IO R
TR AR S P TR MM R ST R A, AT 2K
FlEHI R A R R A B D, T
AR 26 2507 SN MIRTr RCR, 456 ARl idak
PRZ T USRS EIRTT, R ARG RCR.

IR R e B AL S AR 1/ IR L A
1. DNA/mRNAFEHT . 4 A i A w107,
. mRNAJE WG A RRA U3 4552 5530 mRNASE
ARG 3 S A AR B A mRNA RS, 3
BE P 5138 o A 5 ek A HE A i A, T 2

JL 7 AR ) IR LR AR 1, NS e R S8 —A>
AR mRNAYE 73 T 465 1B 454, S AERNIEX
(5'UTR). JFHfBaiHE(ORF) ., 3" EBIPRX (3'UTR). LA
J3Poly(A) B, X 45 #4 70142 [F] i SrmRNA R
ML BHPRRCR DL B e JE ) ST mRNAR 45,
mRNA MR IR IT MR E 20 A AEE H A mRNA R
B AP HEmRNAZE ALY B mRNASE . mRNA%E
TR T LA VF 208, &5, PUAXTmRNARE
B BT 32 BAF, mRNAMIR G MR 7= A 259
R BRI T P R AU O ok, S DNAYE
HAHEL, mRNAJE N EA AL FRE A 5] AW
JRUR 41, 5 20 o e R AR A E VAT ., mRNAGRY T
PE VAN FHECRME AN SO R R, B R e,
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Figure 1 (Color online) Mechanism of therapeutic mRNA vaccines for cancer treatment

%‘%, AHAS T SR, mRNAJE B AEfs il ARy

SRRSO B A Z R RN I 0% feJS, mRNA
AL S RN SRR A B, A7 i AR R B RGER, A Rl
Z'—(f’fEE[g 16, 17]

PRUEMRNA [ 58 B M FRS e M B A 55000 g
mRNAJAY 7R B A 8191 W mRNARYSEH E i,
mRNA 584514 )2 FAZAE 5 A% EEE’JHE
A B TR AR AT BH RO RN SR AR A
mRNA A JCIE o 55 IR T-4549, PR Jﬁﬁi
(pattern recognition receptors, PRRs)IFI, AT i34 175
TR, T mRNARNE, IR 4 R R4S
I mRN AN #4735 24 o, DA B3R 510 R Ah Sk $t
JE12024 - mRNAFRIPoly(A)E HW M mRNA ) B i RL
FRAFENE, Poly(A) B RENS FEIKRN AR BRI 1)
e, A B T4 S mRNA B B RS8Rk E
PER2T1 Poly(A) BRI I 1 il 76 100~300 % 4
R, XTI mRNA R B AR e P & EEAEH,
Poly(A) EEFBAYK B 5 BHIFRCR ML FLP. (RSN e
A4 A mRNA AT D3 3 DN AR & i aifd HPoly(A)
A B A 57 I o R SR A nPoly (A) 1024,
UTRICAZmRNAZE T AR 7, S'UTRXT LA
FAFIAERTE, SUTREMmRNAKEFW], K,
B4 S FI3 UTRAEE A UL 5 (RSP L SemRN A BHIE AL

KAL) A, W BIRTE . 1-F BRI
5-HH 3 A M I S5 X mRN A BEA T 2410 R 8 A 250
mRNA R E PRI BIFRCREO. R AN S AR A )
mRNAE A ZsiRNA . dsRNAZERI=Y), XL =)
REGS IS A INPRRs, FHITMRNAFIRE, JHASE R
RERVE, P, F5ZXHASNE SR AR A A mRNASE
2l Al LA D G g a2,

1 sy P rEmRNARIEHHLE]

I mRNAYE 1 7E 25 24 5B B 1T e Jit 5% s 200
(antigen presenting cell, APC)N7F, WKL mRNAF;
iz B 40 M TR T AT BEE, B AR A DG
HEAME Tz Z SRR G B, EREAE S
Yl o R AR A /N B, i R R A
2 AW (major histocompatibility complex, MHC) I 243
FHATIA RIS (1) #o/ Ny B iE et
S A PRAR OGRS im A s BRE N B ™) |, FHMHC
[ 25T R 2 AR E, TEILRICDS™ T2

MXPUREIE, W EfLE . PRS0 115 S 4n
MO T3 (2) S AP B T Bl AR AR, B B R A,

FHMHC 112843 F 5 A0 B PE T M. S BhPET40 M
AT AT BATAE = A AN, R i JE I A
WA, e 2355 54 e o 4 i 34
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TEMIEPUR B BEEE L, MBI T EmRNALE 1Y
PG H 48 B AH T B (tumor-associated  antigens,
TAAs)(F 1) R R 7B (tumor-specific  antigens,
TSAs)(#2)%2%) TAAsI B 7R i i rbod ik, e
TR PR Gy MR Ss. IR AR OC B B H AT
BRI B, EEL SR R TAAs B A8
e AR E Y s2 1, DAL I RiSE R 22 M TA ASHR &
FHA 5310360 TS AsHa V5 T Frivyg 200 i 5 735 114 i Jed
b, IERALURKIE, EA R e e e e A s
JEE, (R ML 2 55 07, i 1 SRR 3 Aol yea 400 i P
MURE I SR ARFFAE FTCTH ASPE A A M 2 i, B
HIGIR ESIF R T 2 midTSAsi PRI, H
H T TSAsIRRRME, DA R AR K, X
PR T ST TS AsHRERE i 1 FF K A 51,

2 AT PEmRNALE A 2556545
R 9 28 2038 12 2 B RN A JHURE 94 F7 P 145 1

TBERT T SRNFEA N XK, HRTmRN AR A7 LR
B A 2 A R R RIS . WU BRI

F1 TAABRREH

Table 1 TAA combination vaccines

Gh GGG B RIESHEERS).

2.1 kIS

ki 5 (intravenous injection)J&: H AR PEmMRNA
9o 92 e e R0 v e SR TR 2 2507 2. BRIk 4 24
R IR B 2 IR LR T, SR 0t M 2 e A
B S L S K ST mRNARE T BNT 1L REA
R G R R R TR ICD4” T4 AICDS " T4
PERE] (AN RS T4 B EIVER, A
ThR L A AR
2.2 LS

AL ST (intramuscular  injection)Je& K- Th HAEF:
SRR L U, BlETr . BWER/NER 247, &
— Bz A B AT AT SO =, (R AR, A5
SUERE, £of. HaidtdE i SARS-CoV-2
mRNASE KA LA ) Cheni A IH
Tl I LN T B 3 Friso- A 11BSC IR i A3 B RERS (.
EINEB16F 108 2 A K Bl 41 I 2

PET 24K B I e s iy NG|
CV9201 AE/NAR NY-ESO-1. MAGE-C1/C2 5T4 5 [E Cure Vac
CV9202 /N Bt it s MAGE-A3, MAGE-C1, MAGE-C2, 5T4. SurvivinfIMUC-1 fii €] Cure Vac
BNT111 BRI NY-ESO-1, MAGE-A3, BERAEFTPTE 1% [£|BioNtech
F2 REUTSAEH
Table 2 TSA-based vaccines
PET PR X I e A s iy NG|
mRNA-5671 SR N G12D. G12V, GI13D, GI2C % [EModerna
mRNA-4157 BTN 34T R R A % [EModerna
BNTI122 JRRR T4 20755 HAR SEMHC IEAIEZEBR R 8 [E|BioNtech
CV9103 ey PSA. PSCA. PAP, PSMA %% Cure Vac
# 3 AEmRNAMBIETHEERAH RN LR
Table 3 Comparison of different mRNA therapeutic vaccine delivery routes for tumor
L TRAR AR Yo P8 IV 2 O LA Al iERYRIYEH
[ dineERny ] G B kR . 4B R
WL e rh [ AT . AL
LB rh h [ S . AR
PR AT = G r TGRSR
W RS h s G JR K . B . U
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23 R

22 Bv Y4 P (intranasal  administration)J& TR & A
2524, AT LRRFmRNARE F A R 28 2% 2 S0 Rk L 45 1
rhr A, (HAZ TR IAR, A2 RIERN, %
Sy R 0 MaiE NPT T —Fh & B A 2511
FH S Rg i/ kG 8 2 G YILPC, W TEIR NS
B 255 o s Z A 20 R S0 28 SO0 T RE RS ] b ek 2
/N BRI AR G
2.4 JFENTEG

I8 N TE ST (intratumoral injection)mRNAJE T 7] AR
I G0 20 M i R PR /25 i S, (ELIRE Y
YA B A B MR R N B BRI, B S A
SRR AR e SN P2, Deng%E NS IFiAL T
i OXA0LEImRNASE M, 24 mid i I N TS 45 25
JE RS W E MR R AR, RS/ RS IR i
2254/ N AR AYCDA™ TAIEFICDS™ TZR K F-.

2.5 B RIES

S {3 5 (subcutaneous  injection)mRNAYE 1 5 #if
SRyl X P R A b AN AL B, [R5 5 SR R
2y, BT A S5 R KB i A
2456571

3 JMEIGY Y TEmRNALE MR R 5L

T mRNASH T AR B Gt i i
mRNAJG A 5 i3 [ R A 67 H A A B S X532 A,
HE AN A RAECY. PR, i I mRN A 5) L
PRSETNE Gle R G UARIE, LA S B it
PR A7 AR (R RR R 25 S mRN AW, PRI 2
BT B ARIR,  AEAGMRINASEHE (52 06 2% 5 4,
ORISR TR BT T2 M 5040 B,
ST PEMRN AL ] £ 28T 4 th 22 Fi G147 8 19 2%
g5, WHETIRFMEE . ETRAWOEE ., JETH
SORANMIIG L, HENS A SR P mRNA AR
ARasEE B(2),

3.1 ETHRRNEE RS

Jiig JE 20 R ORI T B B B mRN AT A 1R R,
HEHE F T IR 7B BEmRNAYE H A AR B 44 K it

#i(lipid nanoparticles, LNPs){F % 2 (410002 —fi
ek, BB IIURE i DU 3 L AR e BH S simT
HLES IR T . R B b R B L IR R R 2 R
(polyethylene glycol, PEG)fblg . H:rp, FHES Fulrl Hy,
B BUELNPs Y 2y, 38 2ok i v A B AR FH R
mRNA, fEdEE%E, 48] FmRNASE 5 MR Ak %R,
[F] et REH R mRIN AL YR ) # F A BH S 71 o 4
DOTAP. DOTMA%E. # LAY AT HL 25 8 i 4NSM-102
Dlin-MC3-DMA ., ALC-0315%5034%4 i iy rhr P i i
WDOPE . DSPCAA B T4 &1 B ot 44 K Uk (i F2
P, fEdE R R 0500 jR R A T, TR
PETLNPsBERR B )2 R T sk, R 2R, 18
LEBIRCT. B R RANALC-0159 . PEG-
DMG/ZLNPsHEZ 4 845, PEGTENR BUARGKATRL
eI, At A>T (7 BHIR A LNPs ) SR 4K, R FAAIR
B TP A 1 A AH B, B R AR TE AR N Y
PEFRIIE], 53— T, AR KA A A48 13 PEG#E
Frikrd, A HE AL WA AP ARG R4 H A8,

HAT, 2RI PEmRNASE T ARG 5%
FHRR B4 K WURLVE ik Rge. HETR A Lliiia
7R I mRNARE T, T HE AR G4 K ks (4 ke 922
HimRNA-4157 HETE Al IR =155 (NCT03897881),
AT LA SE A V)R B K R 6 39 HLAR e AU e 1) 32
BV AXS, BAIE A mRNA-4157 5 i1 F) 2k B
(pembrolizumab)¥K & B 525167 76 IRd £ 35 AR5 4 B
IBIT X IO & A7 (recurrence free survival, RFS)
FISZIR. mRNA-4157 /2 — @A I 2 1, 7T i
ZIR3AFIRDHT DU, SEHT I RTIIIG RZS SR L, 50
PRI ML, BCAIRIT IO E KA KL DUg
g3k 3% ZR G5 0 IR A T MEmRIN A SE 1 78 = P FL IR
i BEZE . MESEMIRnIE B A 2R, 0
Lius AVOSETF i A L CP YN K UKL I 356 1 24 ) fih
SR AT BT A1 Y 5 K 6 25 1 (mucins 1, MUCT)mRNA,
ZmRNARE W REHS A 05 4% = B FLI g 1 TR
FESEPE G ROV, JERMAN I EE M T 2 4 A S B
4 (cytotoxic T-lymphocyte-associated protein 4, CTLA-4)
) B T R AR IR BT 7 P S 1 S T 1 ) A E SN
IR A, Chen®E N T —Fh LT AR R4 K
AL IR L S5 3 M mRNAYE I 113-012B, %P 1 A
)38 3% 7] 5 | 5RO AICDST TR, 1697/ EUB
ZIRAOR . Ma% AP & T —FmPLA/mRNA
(mLPR)MIERE N, B4 245, mLPRYE R SR

435



M4 Z L& 20055518 £70% F£3MH

T2t 4BREmiz

==

>

IpEEays MEmRNAR EE DEEX DO N REHIEE

Einvilbil

Bl 2 (RIHRUR () MR T HEmRNATE R WG 23507 % B4 253

Figure 2 (Color online) Delivery methods and administration routes of therapeutic mRNA vaccines for cancer treatment

B RN, T 3 A T TR N - 25 40 o R0 WA AT 2R
A A REA T TR S 240 1 B2 (antibody-depen-
dent cell-mediated cytotoxicity, ADCC)cA il g & f
JEm .

3.2 HETREPNERRY

REWIE LRI G BA B KB 5,
RTINS % R G, REWib%E et
Kl e sy, ] DUE R W R A AR 1] . SE3A
S AR [ PO LA R Ak A R R 2
5 W i (polyethyleneimine, PEI). %(polyesters), &
HIEMR (poly-amino acids)F15¢ M (chitosan) 55 4
QIO e R W AT 2, PELELA K
S IR AR AN, T LA U s i A ik i, [R],
PELA A LUBATE R 2R 40N . fe ik 4u i B =207, Li
25 NS5 B T 386 26 mRN A4 RHR R 3R 206 0 bt
HHF-PEI), F-PEIREHS 2 A% BRI % T ITE TLR4A T T
{55, F-PELFIZmADME AR CHTE FImRNA H 4%
TN ATER, BRI SR 20 A i 2t T S B i,
5 BT RE Sy SNE. Yin%e NUOWIRSE T —Fhid S K
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BERE, A AT BRI FIPETR A, 60 2 4 A0 P 375 2 1
mRNAFMEFIRSAS, F7 T VES 2 /030K 5 IE Mgk
B, IR TR R LS, R CDST TANEA L, A
il 40 .

3.3 JETRSCIRANIL 2% R8¢

IR (dendritic  cells, DCs)BEML I i ZFPHL
BB RO 52 3 R AH OGP (TA As), DTS | & S e
SEPEGRPESON. HEAb, W SEARAH A AT DAER AR
VAU IR I 20 R A RE b R 45
TEAERE 22 98 FRR A BP0 IE B rh A #5541 2EAE
FHEOSU e SR AN A foe AT S AP D S s AT, — L
SRR YT TR RE T AT A A, SRS T
axk DAL Il H 4 225 B A 240 i 3 LT 4 L/ +EL 240
FHEH MM 75, IS FTAAs, ek
IR PDCRE T Wl 1 B R R VR 201048
45, REFDAMUEAT T AL L FHHTHERT B nY
Jir9Rg 2 1 Sipuleucel-T (provenge; dendreon) |- Hi*%). Si-
puleucel-THY & ML HE H RSN E ILAPCs TR 41 A
JEPAP-GM-CSF!™78) B ORIy S AR 40 i 1y fif 0
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mRNAJRYPERE B AT R4, (H ST IR RAF
mRNAJEHAH L, B SOIR A A 0 R U S ARSI T 0
S (EYR SUSE (I VIR

34 Hfie

PH B3 1 B £00K5 25 1 7EmRN A 25 4503852 21 )32 1
5, FEE A ARSI mRNA R ELES, AT
AR S AL TR B R A LA, RS -mRNAK &
PR AT R —F AT, 51 & Th-180 5 i i 20N, B
BT UMM ZF 5 ik (cationic  cell-penetrating peptides,
CPPs)7TEmRNAYE H WF 5% rht s TR Y7L Ud-
hayakumar%s: A2 58 T —Fhish 26 mRNA Y BH & 1%
BEAK, TR E S P EEmRNA N Rk, HEm7E
DCANAE NS, HEATpHIKM: 1 R R

4 et sy

AR, MRAITHEMRNAZE AP . 45
AT | TR RGN T AR B 1R B A AN S
PEdERE, (BAAAAEVE 2 I APRIRT 0. A5 R I TS As
REAR R b4 R mRINAJE 15 F9 S S, (ELeh T
TP R 26 . PSR BEHLYEFI A Z
1) S e, SRR S8 AR R e AT AR IR, L
R A= 77 22 R i B AL mRNASE A5 A B BE
L H R RTA YT HEmRNAYE M T B2 KA 2k
INRFE TN ITTF S bR S BE S, XXy 7 540

FERE BB A R, (LSRRI FE TR PN S e A BE
PrEnEEImE, H—mRNAE AT RO AT e AR A
=, HETE NS MG YT HEmRNALE T AL iR
JrEWRYTY | T AN A SR B I AR YT (F13).
mRNA-415 7RI A ER BT AIATT 5 B R IATE A 2R
HPURITAIEL, BRA 2GR R e R AU
19991 Fotin-MleczekZE AP S mRNALE T FHT 45
A, FEHSR KRBT PNEER, BEAIGTT W
T/NEMREAICDA” T . CDS' TN FMINK TR
. Lin%s AVt T 4 it B JEMUCT I mRNAJE
i, IFFIPICTLA-4 B e TR, 4R R W, 52y
IRIT ARG, BT IR 1T LU B B s fo e G e N 2% . Sa-
hin%E A\ HRIEBNT LU 1T 30010 R S 06 4 b, 45
L, JRIT IR R AR MR mRNAZE T BNT LA
PUPD-1HTA PG AR BR EAH IR W H R4 B e i
BRI A, Awad%E NSRRI mRNA
£ FINEO-PV-01 5 B - E SRR /N4 i it (non-small
cell lung cancer, NSCLC)—ZifyT 253 35t %8 . R4
FA TS FIER BB, 3844 3A07 U A B S R)T
A = E AN RSO e, ELAE R 1 e W IR
RS TAM RN, UESE T HAENSCLCH HLAT ety
fRI 22 M E RN T RCR.

PRI VA YT HEMRNARE 1/ R — Rl X (367 F B,
UEAE A AETEAE IR T RIS T B UERE. X e v i
1 I mRNA S T4 i e i DR, SO LR

e

=
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Figure 3 (Color online) Challenges and combination therapy strategies of therapeutic mRNA vaccines for cancer treatment
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Pl RGBTl IR 4. RS TRZ T SEATIAE T
i RIREE B B, (HAIAP4 SRR W], mRNABEH7ESE i 8
AT R ML B R A FORE T mRNABER
AIDEHAAE T BRI A 7 9 R E P, REAS DR 17 e
FRPUR AL, USRHARE G, FEIR TR ASAZRIA
B BEAl, mRNAYERBEASE IRAUM SR S, (L4
VTG TR A= R B IA. X ST S mRNAYE
R AR T R — A R RS L R,
mRNAJE ¢ A58 N L T e — LBk AR, LA dnfe

AR ST Oy T PRSI, PN IE
FEBRREFIING, WIEAmRNARE S . TF % B
L, DU A AT Ty H e e A
SETRAE R IORCR,. B HA (R BT G RIS
VA, mRNASE A BT T A T A
. T mRNASE R AU TS 7 HE R, 67T A
bR B TR R TE %, W R T 203
PR AEAGIAT AR, HAh, mRNAZERRORTSE U
ATREIE SIS, AU BRI (S P

fe EmRNA RIS E PEAL R AR, LA v R LA

RPN

JT, THE AR TR 5.
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In recent years, therapeutic mRNA vaccines for tumors have emerged as a pivotal component of cancer immunotherapy.
These vaccines stimulate specific immune responses against tumor-associated or tumor-specific antigens, leveraging the
immune system in the body to target and eliminate cancer cells. Composed of mRNA-encoding tumor antigens and
delivery vehicles, mRNA vaccines undergo structural modifications to enhance stability and transfection efficiency.
Compared to other types of cancer vaccines, mRNA vaccines offer unique advantages. The mRNA vaccines exhibit
excellent tolerability in vivo, with adverse reactions typically manageable and short-lived. Compared with DNA vaccines,
mRNA vaccines do not pose risks of genomic integration and mutations. Moreover, mRNA vaccines avoid the use of
pathogenic bacteria or viruses as carriers, ensuring non-infectious profiles. Furthermore, mRNA vaccines can induce
sustained and robust humoral and cellular immune responses more effectively than direct antigen injection. The production
process of mRNA vaccines is straightforward and cost-effective due to in vitro transcription technology. Herein, this review
outlines the mechanism of action of therapeutic mRNA vaccines for cancer therapy. Upon administration, mRNA vaccines
are internalized by antigen-presenting cells near the injection site. The internalized mRNA is transported to the cytoplasm
and ribosomes for translation. This work discusses the commonly targeted antigens in mRNA vaccines, including tumor-
associated antigens (TAAs) and tumor-specific antigens (TSAs). TAAs are often overexpressed in tumor cells but possess
weaker immunogenicity, which are commonly used in combination to overcome immune tolerance in mammals. TSAs,
derived from tumor cell mutations, are highly tumor-specific and immunogenic but elicit weaker tolerance in body.
Personalized vaccines targeting unique mutations in cancer patients have been developed clinically, although their cost
remains a significant limitation. The review also covers various administration routes for mRNA vaccines, including
intravenous, intramuscular, subcutaneous, nasal, and epicutaneous injections. Importantly, delivery systems play a crucial
role in mRNA vaccine efficacy due to the molecule’s large size and negative charge, which hinder cellular uptake,
including lipid-based, polymer-based, dendritic cell-based, and other common carriers, each tailored for specific
applications and scenarios. Additionally, lipid nanoparticles (LNP) are currently the most advanced delivery system,
employed in approved COVID-19 mRNA vaccines. Finally, this review summarizes current limitations and future
challenges facing therapeutic mRNA vaccines for cancer. Addressing these challenges is essential for advancing the
development and application of mRNA vaccines in oncology. This comprehensive review not only provides insights into
the evolving landscape of therapeutic mRNA vaccines for cancer therapy, but also highlights the mechanisms, advantages,
challenges, and potential for cancer combination therapy.

mRNA vaccine, delivery system, administration route, mechanism of action, tumor immunotherapy
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