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Abstract: Human diseases, especially infectious diseases and cancers, pose unprecedented challenges to public
health and the global economy, making the development of preventive and therapeutic vaccines a top priority for

addressing these challenges. Among all vaccines, vector vaccines that activate T cell immune responses have

Wi BHA: 2023-10-07 {&EIHHA: 2024-03-12

HeWMB: BRESFAITL (2018YFA0900802); WFREESMAITL (2019J727Y011009); SBHEARFES (20-2-3-4-nsh)

SIRAX: ITH%, IR, BH, XEE, =6, TR. TARSERNFEAREEARERRLTNATPORAJ]. SREYS, 2024, 5(2): 294-309

Citation: JIANG Shasha, WANG Chen, LU Ran, LIU Fengjun, LI Jun, WANG Bin. Applications of vector vaccines developed through T-cell immune responses
in preventing and treating human diseases[J]. Synthetic Biology Journal, 2024, 5(2): 294-309




%£5% www.synbioj.com 295

significant advantages. This article reviews the immunological principles of vector vaccines, strategies for designing T
cell vector vaccines, and their research advances. T cells, upon infection, can differentiate into various effector T cell
subsets that play a crucial role in clearing pathogens. Research on the functions and mechanisms of effector T cells is
essential for designing vaccines that can elicit T cell-mediated immunity. Currently, the development of vaccines for
many viruses such as HIV and HCMYV as well as cancers focuses on T cell-based vaccines. Various vectors, including
viral vectors, bacterial vectors, and nucleic acid vectors, exhibit excellent performance on antigen delivery capability,
immunogenicity, and protective efficacy. In addition, this article summarizes strategies for designing T-cell vector
vaccines, including identifying appropriate antigen presentation pathways and vector delivery routes, ensuring
biological safety, selecting suitable vaccine vectors, and evaluating the advantages and disadvantages of various vector
vaccines. Notably, mRNA vaccines have played a crucial role in addressing the challenges posed by the COVID-19
pandemic. Technological advancements in vector vaccines are expected to accelerate the development of novel
vaccines and enhance preparedness for emerging public health events. This review provides insights for the design of
vector vaccines that are both safe and efficient. With advancements in vector vaccine technology and the progress of
various interdisciplinary approaches, the next generation of vaccine development will continue to drive the evolution of

vaccinology.
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Fig.1 Schematic diagram of activating the body’s antiviral immunity by the CRM197 carrier-conjugated vaccine
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o BIREARARIEENR . AR5, @mEHME
R BRI B R . iR R IR P
i, eI AT DA N a] i B R A0 M Ak o, ik
KA AN RE®RE, SIEREE R EHLMAEEE
A% (MHC) L. [Fit, DNA ¥ st (7= 4]
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LA figh 5z 2 R RN IE L e AR 8 AT . DNA &
B 11 0 R AR A D TR DU Ak 2 2 0 T S I T A ok
JE ) Je W . OMHC- 1 73748 2 1 IR BT R
fn T @MHC- I 70 74 5 19 A% BT 5L
T; @MHC- I 73 74 & 9 4 I 4 5T 5 i n L
@HMEPEDUR I LS BMHC- 1 7> 7 IR & .
S IR MR AR AR T AN [R] A AL 1 ok 4 P2 DNA 4
MIpTEL, (H R &2 T BT R L7 P e 12 4 ik 12
YA DL S B S SO . BEAh,  IX IR AR AN S AR H
HeRe A, mT DA SLAN/BRAE [R] — 20 A [ I A 2
SR, Forp— SR R B AR A R A A RE I
B, KBS BT AL R A L R A 1 B
WA HARE. FFE, XEEFREOE T2 DNA %
P PTR I AL, X B8 3T 2 A5 4 S 233 1Y), 2R
JG APC ¥ L ELIRAR L 4n A FE T4 . 73X i 1y
DN, PURALE APC A A TERIE, 1M A
I3 M RS /N IR R, AR i 2 R 4 A 5 AR
MHC- | 707 b @My a ki, wolAg
LA 4 i 75 14 7 M 1 CD8' T 40 F T A4 i G B SRR
o, FEAH A A AR R B AR A SR B B MHC- T
TR RN B YT B T BUPL R A N R E
P ER 1 (0 20 B A 23 b BT BUE AT AE 4R I A8 T I R
T X e AN BT L I A MR R N AL, R
HBERR, FF IS A X = A MHC- 11 7)1
E, RIEEEE BRI . APC XX AR
JEHI I, AT L@ AE MHC I 287 7 B BoR
PUR KA 5 CD4™ T A S AL, & 7T LLl i 5%
AL B 20 FR) 42 AR EL AR FH R e i A 5 PR AR S B
S, &, ZXRERET, SMESUEATE
B A R AR pH P4 358 B0 I 7 6 T i A AH 5K
AR I B . T DNA B B REfS 75 15
A0 AR R IR R, TR RE 8 5 S 40 T A A4
TG BE IR o BRI, R 52 BE BT 51 1 o B I I 2K
Bk T m g fu R i) A B AR R . Hln, B
FE 51 R A0 A S 1 G % 1) DNA B B i 7] T 1 2R 4
BOPET4HME (Thl) 5T, 75 2 SEI a4
[ARIESTR A MHC- [ 20 TRIR R Mk, N1 %
BLPTRS Y T B0 e e 5, M 1) T30 2 B AR Bk T
A (Th2), AN PR RIEZABE, HH
FEPUE i R A 2 D B A IR PE ST B MHC- T 73

E"]j:%lﬂji [105]o

Jifr 88 DNA 2 1 4 75 o Ath L i 980 728 1 5 A R
BRI bR AR SR . WA B 5 A7 b % BT IR -
5E i i Z P 1) DNA JF 51 A2 92 W Al A% O o 7F
% 983 DNA 8 1 K FH (1% 266 DR 2 2 20 I S A5 2 1 8
HMH iS5, (HDNARE E NRIE, FNERE
i 4 A 22 bk DR R S oy 7 DL v e R AR
DAL I B M il JRe B ¥ T R B 4% . H Al 2k T it Al
AT AL . 90 8 S5 DNAJE 1 . Bofiit 7t
e, VHIAREEREEEZZTARKED-A
(MAM-A) DNAEHIRIT, W09 B Z 5 i
Aefl 155 CD8" T /R B, JE K 5% % 11 FL g 2
F I PFS M7,

5.2 mRNAYEH

IRk, mRNA % B % f5 Sk, JCHAEHT
GBI R A, BT MORE. 1961 4,
Brenner 25 U1 B R B T mRNA, B2 A H
RIEAEABTLFERRBEFE ST, BF5R
FE TR AR B S {5 B . 1990 4F,  Wolff &5 )
HUGIER, K g AD A R A R A RNA KT /)N B
BEAT LRSS, mT AR A Rk R e B R,
X T ARG 2 T mRNA SZ 1 & . 2020 4E,
FDA #lt #f T #% 5 BioNTech/BNT162b2 1 Moderna/
mRNA-1273 4= 77 [F P A 2 T mRNA ()% 8, HT
T COVID-19 "™, X ik T AATTH mRNA %
B R B A, FF 9 mRNA & E 158 17 10 5B 5 ok
TAHE., 202310 H2 H, Hifh RE MM REE2E
Bt i DR 2% i B AT, & F R R4 &K Katalin
Kariké F13% [E £} 2% X Drew Weissman %35 2023 4F i
DURA BB EE 2, LR MATE mRNA £ R
Tl 5 1 5 T 0 2 B . mRINA ¥ 15 B9F 58 9 T %) £
M U £ mRNA ANFa g . VEFANGKZ G, %
ARG mRNA 7 T C YT, 0 H S I
i, (EHFEM, mRNABT#WMEBRATLIES
R £E 38, 5 B0k N o vk e AR A I B T
RNA FIZH N IRIER (A). JRBEE (U). g
(G) FfmEmg (C) VUMHRE, WA shial i
RNA A% T B B 5 28 Ak A8 4, T 1k oh B 7%
A mRNA %A . ERBTHZER, 4835
oI5 5 G e 1 T T H 1RU0) AM R B mRNA . 2005 47,
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Kariko Fl Weissman &3 "', ¥4 4MJE ) mRNA #E47
— LR RR S (W mSc. m6A. m5U. s2U B f#
RBIREBRIRE) ZFRZERG AL T HMN
RE /7, RIS 6 X 28 4R 1) mRNA, A2 L
G L o 1% R B AT A5 B B B e IR e B
mRNA 5 513 DL R o 758 ek 128 175 1 O 2 T
mRNA FE 1 BOR — B i T 08 6 97 1 2% 1 91
SR, FEHA R R, X R R R
mRNA J 14 (I RN FH 29 5 1 Jk g )

24 Rk, BFFTN G B F mRNA 1 9% 1
P&, Flan, RERE. NRGeEEmRE. o
R BRI 45 1% 0 B B A RE e
mRNA J% i 5 DNA FHJ B 444 485 77 K PR 4 A\ R %
Yo ) e 2 AR [ KBS A [F, mRNA #4107 5 AT
DLE R RE AR " Kk, mRNAZER 2k
AN AR Yt B 32 M R4 T . mRNA
AT L 4 5 470 5 AN 4 925 R 1 43 1 DAS S5 R T 3 8
PR R Sy B, JF HoaT Bld g BL R 7 N2 B
DA ZARAL KPR MHC T 2RH1 11 3%
Gy U AR B EE S mRNA B AR PR OR T B,
Al B R R EUR BT S, T DA &5
TR A = s 28] RINA i i 28 14 ) FH 4 A o
I 0 B A 9% R 1T 43 T 1 mRINA SR 3 16 AH M. (1) 25
T, 456 A QI ik B A 7, 5 5 B v g
R IL-2 225 TAR b H5E . KIE
IR OGS A0 M TR, A T R R R R
4 H e B IT . FEPRIFE T A . AR Je K
WM T Y0 (Treg 40HE) - WF 70 K5 9w 5 TL-2 1)
mRNA & 1 5 % i IL-7 ) mRNA JZ 11 45 &, W%
FHZITEP IL-2 LA, SEI B/ R N
CD8" T 4t Jfa 250 2 A Xof 1 ey 2120

mRNA J% B AL e 5K % B — M BOE DL
CD4" T 4 iy 1 I AR E S g IR N i 4%, 17 HLik
RE IS K BP0 S CDS™ T 41 1) Y Y8 1 4 028 I W i
1, AT S 25 S M RTE 2 DS T 4l T Btk
Z Ak, mRNA B ik 7] LLEOE APCo mRNA #E A
APCHIffI R vl AR EF 2 HIM&E B B, A
Bod MHC 1 25 70 S A TR ME BT n T 42 2%
£, mRNA ] LEE NE N G, BIERA
PN TRR A e — 2 AT DA/ B v S 5 R
FI SR KRR ;. — & mRNA & & 7] i i PCR

POy, EARNESEHMPUR, XFETTLA
325 T RIE R TR B [ R 7 4 T

HERWWE T, mRNA 28V £ % w5
HWE, KON R BT 0 57 % R
TE O HT, N RCLE b S T A VAN G B e g R .
A, BT mRNAGETAMBRHE Y, ReERkE
AL B A R DR 2 ) KGR, R O DA R Y A
EokEARAR SN %2 . (HH T mRNA &%
AR H 5 W B Al 5 BOHAE 9% v R R R
A Jm R, DA 75 5 mRNA [ 25 44 i3k 47
— E WA L g AR e M . 08 mRNA 1A
Fiot i M B e G A AR A R R, A8 BE AR 0 R B
Fod, BFEFRATFA NN ZBAER . ol AT
e R HHE T P O B . L EESR, BEE AR A
Ol S RS AT 1B B N SR S I A
AR RFEFE B AR vk T mRNA 17 7E (1) £ 5E 1 2 A
B R AR W B, B AP LT mRNA
— SRR A T

mRNA % 1% J& mRNA 1E 9% 1 1 82— .
fig i g K ki (lipid nanoparticles, LNP) J&ix £
RIS AR I RNA #0524 2 — . LNPf#E R
ifl 100 088 I R R LT ), T 9 5 ASCORE M I 3 i oy A
Wik, HAMEEA R mRNA 4 F A% TLR 15
o o R e i RS PO VE Y BT LN (1
B AARIE 1% 1 mRNA 8 1 ) 71 FH HE 41 B T
BN A . E AR B ER VR R BE v, m) H S IR o 1 Sk
T A BB FIRAS, BH BT R P AR R
SRAFAER I B T B MR P 2B 3 10, HBE 1 X T
RN T JEL R T B ] 25 1 0 S 350 T A (s AT
TR BE T PR A RO AR, {3 mRNA M P4 44
B T mRNA BEAZBERBIIE R (IR, FAEW
JEPEBUR, JE¥EE AR R R ORI, @
MHC 7> 742 245 CD8" T40f. it [ K9 1igfz
WO 20 B A IR S 9% RS, AT 4 i mRINA 8 1
MISGBEMR 4. BhAlh, 2T mRNA HH 3K & A AT
A 73 s 30 20 i 40 RS o, AT HE N R R G b
APC L. P JE BEAE S AU 14 bt J5 dd i MHC 1T 28
S TIREY CDA' TN, i o WA 4 i R 5 A5
SARRN U P B AN TS A . S E 1k R R gn
Jr= A e UM, RIS E R (ADCC.
VB F AN EOE AR D T
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20224E 7 H, MRIEE R A BRIAT A T
A RN HoE U E PR RIER R R AL A
FH T mRNA %2 P AH 5T 1% Gu % v HL A 50 U 1Y) S g% IR
PR, AR % T mRNA S 8 TR N — K
BT e B AR Y BT AR T Ak e
mRNA W, X2 3 — A S 5= 1
mRNAEH o W R T = Fh g A5 5 0 2 £
A35R FTMIR ] mRNA 217, {045 A35R 41l 4h &5
FJ 3 -MIR fl & (VGPox1 f1 VGPox2), L M HF
A35R fIIMIR 4K mRNA FIVE &4 (VGPox3) . 1X
PR B B mRNA 2 i B =AM —FH &
B AT SRAG A RO Bule e S S By R B R b % B
PUREPLE, EE BEMRERN; HE R
HIECR, ZhEiuEES 25 7R, BInf =4
R kB, FIRTFALRKH, VGPox R4
PTG sE T R R, AT DAPE DN B R A B
MR AT B AT BRI

REW AR R B Z R 2R PR E R
) b 2 ] B, AL 3G CTL FURR s 28 8 (1 4 B T 21
M, HPuE SR SR g, DL T R AR g
e RIE I G 3% B

I3 BE B R R — PR R B AR N A, R
H b7 S R ) 8 DR 4 N B S R A, S Ak i
FERSRAS P R MR . o, B (AdV).
R (VACV). AR D %55 (VSV) &% H
B . TR TTHR BRI T, 5 R B IR B
1) B 988 I R T T e R, G AR IR G AT A 51 R
955 G0 i P AR AR A AR IR T o A SR TR B A
JE G MR A X (W B AT E3 2D, DLk
TR L e B O R AT
T e 95 BE AN IR VR B I T R . W R R
KEELIE DNA B8, B A o Y ir 1 5 T i) £ 1
PR o e B M E T AR BT R, G
HZEMVA, & &mEER, Aarmagiits
R, [ I A5 355 50 K ) DNA & 61 fipi J7 255 Bk
J57 I B3 AR O R T F T OR A 2 i R G Al 2 1
K, BOLT BRI w A g 5. KR O
RIATE (VSV) AE Ay v 2 i B ek 55 1) 52 1l g

IR EFE AR PR K. e 2 TS
FU & A FERIIAIT . VSV AE N A, @i
NAMERERMERRTEED, CSRIHTHE
B 22 B SRR Y S ae MR, SR SE AL HIV
I R 555

2 TR A 82 e R FH A T A D A s R R ) A
Tk 1R BB R I m A PR, 5 5 e R A
AR, BlRREEIRN  H N E ] K
BB IRB M IR AT B . R B R R R AR
CRMI197 #) iz I T I R, RN REFH) 24
PEFI G J5i e . M BIEE R ARG S THl&. 1
Mg 2 S5 3, ARATIAALE S e R AR PLE T 52
LR

DNA &1, @it H K IR DNA # 4L 2| 5h 1)
P 51 s OB, AR T 407 vk B R 1)
. R DNA ¥ i 78 R B B WA N 28 o (1) e 9
SNEAR ST 55, H Bl BT TR B L AE R R
R REIER, BERBEYIE B E IR

FHEEZ T, mRNA i 2 — Fh R84 1k
AL Getth . M52 M RO, IR RS2
V¥ . % Hi BioNTech Al Moderna ff) COVID-19 %
R T mRNA FIREMER] T . mRNA 2 1 108
AL T AT AE A T BRI R R, e T
AT 9 N R R e 5] R 3 ) AU o 3K A S R 928 1 I
TS T 40 MR B 4R M, 5 5 AR R 4 A e
I, Ay A Gl g R iR 1 197 96 B AR TR I I R M .
SR, IX e Ty AT 75 o M — Le Bk AR, 0 FE G g% AL
BT S PR P A AR 1 A T T 1) R

T M A 2 1 G Y L D A% G 0 T B o
TE R PEIEIT « WBIT IR B S e R R, R
T RPENLE ) 2R . MBS 1 I PR T A I
IR T FRATT AR I, 3R TE I 928 T FH B P2 7 1
DA% [ B B 9% R G0 1) S 4 7 T B A EORIE T
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