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Figure 1 Diagrams of EBV virion structure, the mechanism of glycoproteins mediating receptor binding and membrane fusion and the mechanism
of host antiviral immune responses. A: The structure of EBV virion; B: EBV envelope glycoproteins mediate virus-host attachment, receptor binding
and membrane fusion; C: the humoral immunity and cellular immunity response induced by EBV in host
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Figure 2 The landmarks of EBV vaccine research and current EBV vaccine platforms. A: The landmark events of the development of the EB virus
vaccine; B: several commonly used vaccine development platforms, including vaccines based on viruses, proteins, and nucleic acids
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tobacco mosaic virus, TMV)!'"2 24 F TEBWR 24T
PEREVERIAR S AR, ZEBOV-GP! Iy — 2K LAVSV
DR AR ) 3R R T A g R A T 3 R AL Y
VSV, AVSVIE 2 A R T H )
FIUEHE, HES) 1 VSVAEH AR AR TR 14 5% H i 7t
IR . Kong®s N3 VSV H -+ EBYi 2 ¢B
(VSV-AG-gB/Gb-G)fligHgL (VSV-AG-gHgL)/ &R,
BIF 0 R IAZ I W R 0% 175 3 7 AR A e R A VR e 928 S
FEIm L RS2 R BV SV-AG-gB/gB-G 5 i [1] - o Al
BAHMI I K, T VSV-AG-gHgL B i i -+ il 2 41
MOy ge. FET 2R, BEFE PR R
GRS I PRI RGeS, KILECE S (it
T PUAEXT BN ARB G TR RRE 7y, T b R A P s G ()
HOFI AN TG B i 22 5. IR IR VS VER R T
EBJp 2 57 14 72 1 St 78, FRI0AE TR Wi fE B
VIR N I 2 VR ZohE, NEBYR R B (1B ST R
R T ) B EE.

212 BEEEW
TEEBYR B IR R I R IR B, mIVE MRS R g%
MPUR M EEER, (HEEUEMNE N
JRAEAEA RS B B ROR, R A1 e 48
AT Z P05 U m b i e e e . (kv
S RESES
ZREEAMEE TR AEARGEZHPER
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ZUEBJR B WAL A, Cuite ANFIH o R R P 45
¥yl (Leucine zipper)i%it TEBV gp350"*7°JY Bk K
UL SR AU 7 24 5 Bt TEBV gHgL#1gB
=RRE AP, BRI E A AL, 2 RIAE AR
5175 5 7 A T R B I R R 3 BT A A BA T
ARTE B G EEBV  gH/gLF1 = A gBAH Lb H il 4e
P55 BERE 15 5 7 A ORI B ) B i U B A ARRT R 40 P
SetEpUA, JFm N RN BRI, 2 RIEEH %
P25 Hho ML 37 A8 BRAIG /N BR TR 77 L E B BB gt 1 e 10,
K—RANER A BoR T 2 RIEE AR B E 7Tt
JR IR G e SR, SR TH BT ) S B ROR,, 5 37 AR S iR
TP S

YRR 6 RERS 3 9 Bt S5 IR0 B4Ry He 5
FIR B S S N, O TR B TR, SR F
{16 8 A 2% [ A 143 530 AR — A D0 S 1 5 i (lumazine
synthase, LS)FHI3-01 H ZH 71 g K Rk 2 v i ) Jgg
NEBYH Bigp3500E R [, il /)N R B fo s SR
RIS AT M gp350D 34 L, gp350D,3-LS/13-01-NP
PRGN K RIORLTZE B 22 RS 5 A B v 1 R R B
A, IR I H SR A BAH RN b B A P Jk e b R R
Z B BAFE J5 22 it Fe bl o AU B ik T
gBYN K MikigB-153-50 NP, S T EBJ £ gBHE L (A 1)
JER, BN BRI B B S SIS KN, i gBANK
RLAECRIF R AP g% 2 i 6e ~, M T n]
I gBEE 1 RERS 5 3 B i FE I i A ME B A&, X B4H
JRLAT = 5z 240 i Py Sk b 3 S SR K A A . AT BA g —
il NI/ RIS K, 2K RO B
WA 5 5 77 A B I3 2 e BE AR RE A8 TR 47 /) B B2
EBJ 23 B A R i & AP0 b4, eHgL, gHgL-
gp42[31,32,107], gp350[28]’ EBNAI[IOS]%EE‘&@E?V\]?K
WORLEEAT 7R, R SRR S IR, $Rom gk
RIAE AP G et it — D hE T e i ik, (it
H B BOR. T INTHBT KR 1K P 3K EBJ # gp3 5044
KR T D N IR RIS (R 1), TR T 49K
LI P AEEB #3958 v AR R AT ORI 7).

Fefilt & & A 2 F TEBR B I W 7T, 1%
FpEE AR DA 9 2 1 AR E P, B P LS B R
i H(antigen presenting cell, APC)ZEIHI[HFc32ik4s
&, WRPUSE R, AR I, AT 5
PR 5235, {3k 40 58 S .

S 5E Reoe N A S % A S RIA X VA (EWAE /W i a3
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HWTTE, R BT R AL AT T S s =4
(¥ 5% S RETY. Larijani® AU IE AL BY R H
K PRI [FEBR 5 bk 10 =M R B B it 17— A
ZRALPEE, FFUEMIZZ RALBE R B A BT IR E Tk
A R, X RR T i EALA A T Rt s K
el TR T AR R A O A W PR, REs
H oW s B DI ER AR PERR, XTI R
AEERN

213 EEREEH

COVID-19 mRNAJZ i Dt R A, e
FHEmRNAMDNAYE 1 £ N B R - G 124t 1 30
71, FoorRon T R R W R R IR ERIE 7, B
WOk T WHFEEA TN EB 8:4% FR 9% v I 7T 7A0E . Woj-
tak i N B T 3R EBYR BRI R L K (EBNAL, LMPI,
LMP2A) T T 3MDNARE T, IR TEBNATF
LMP2AIDNA 5 B fe 6 15 5 72 A= TN I G 58 [ B2
Zhao% N h Bt 7 —Fh LAmRNA N LAl (I EBJR
BEVET PR, M D n S s A T 40 MR A )
LMP2A, EBNA1, EBNA3A# & A I mRNA N FEft,
LYK A mRNARE S VR0 [ BEAT, SCELA
MEOEARNNRE, 51 RRERN. EEY5E5R
RIN, 1z AR L A K B RS B N A
G955 /N B PR S0 RI 200 i B 38 IORE, R 7 B B D e A
KAMHIER, SEK AR/ R AEAF I (R]. 5 P AT 72
FEIRER T T ML LMP2A FImRNASE T, 455t BRi%
Tl 1 ELA O 8 0 bR A KA 4 O SR HIEB
JREEMRNAZH IR I A T #itE(ER1). Mod-
erna/ 7 A P — FAmRNAZ BimRNA-1189 2L £8 i3 N\
DRI R IR (NCT05164094), 55— 4 B34 T-20224E )
T2, B — FHmRNAKE B mRNA-1195
(NCTO0583111 1)t F2023FEFF iR 5 3.

2.2 BRI
XTAEGRIEE R, WIS AU TR TR . R
AR, P E T IE LA ) RERE R I £ FIPAMPsIE
AR R 52 48 (pattern recognition receptors, PRRs),
MG Tl S R G, R P T R A 7 2 e,
BT ER R R BURLE 1 AZ TR S 1Y
PERIR YL, PSR AE ] % I 8 o Rl B I AR R
i S R PEIES, AT HE LIS S AL A2 2 B8 1 H

PERINE, DRI A 2 T R S A T SR S SR A LA K i
JE A S S (B L R AR A

192655 1 1 BIAG 2 771 B % 18 i 17 iR 1) G 28 2%
SRV B 22 A R v T A2 2, e 7
(% e CAT98EE I I . fEEBYR 2% 1 & e A2 v,
PAgp350 N FE Rl 28 B W R UK T BT 7T 35 W EBYR B
HEFIERER. 20t 0K, AR, IRRA Pl
A Y(ASCOMS) P22 24l F F gp3 505 1 M 2.
VTSR BB T2 v ) % 1 B SR 2R B i 3 N
PRI st B, Ve FI7E BB B2 1 P i N FH B 2
ZREAL. I, Wue NP2VR B, Sigmate 751 52 45 (SAS)
REBS L JE/REBV  gBAR 110 B s M Pl 0 9836 (¢ B
EVs)E/N AR P9 15557 A2 T T B R RS T, 32
INSASTE NI REMS (L2 Wi T 7 A 5 s /KPR 40
M bl . o AR L AR AR 00
MF5923°  AF03P2, AMP-CpGl7>1%% 14 2 it {2 ik
PETTIT RLHINE . BT B B A2, e U 3 SR M LA ko
PUIR G 28 S S PR [RIN, thAT B S LR B — SR )
SR g N . AR A Rk, AER
R AT, &3 AR Re s 75 Bh i
S H S SR 1 SRR

TG NE W BAR W KIEREE T, A2 HT
AP & WmRNARE 1, SH7ERIE 22 COVID-19K
WATHN R T HAME RS, X EOR T RS
FAhR JE AR TR A (. X T BB #:5% T 0 Rk
Wi, RHURIR A AL 8 F 9% 1 1 4% I EBYR 2 B0RL 1] R
2 KOG B R W R B R I S S R
JR BB NS BT RS &, U A BB
P 24 A DU o L G T, RS T A G R R
SR RFE TR IO 5 ). e A B S T RO
R TRKIER, EHEAENEFRHBPUEES
BUAA = Az 5 558 ) G2 I AR AT T (A R it T 2
.

3 EWITH RS
3.1 ZhYpl

2128 LA, NRREMBR ATt EEAZ R T
WA R 2L, WOl R ATA A S X BE w254
FIBEFVTAN BAS UV R SRR i A
LA, WTUBUEBVAE N (1 Ged R AN G 2 1o
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B, NPT A AN P AR IO A6 (3R 2).
FEPR B I AR AL BUm ML A B AL R R, 3h4)
MBS — BN RV B ehnfE, AR
R PR RO R ELRAESE ) il 2 )
P A T EBR T RE i 0 7T, B BN BRORARER IR R

SRC/HSC), HEs NHSC (CD34")id id i fi ol 8 ki
A S BRI /N R, 6 AT G 8 ZEHU-SRC
NP, AT EB VIR G N JRIEBAE M, (H o8 A
Tl e v 5| R IE N VE S N, A S S
NIRRT I RS, HEZEBVEGL

KR WA DB N PR I R KRS R el AJRME . DR, A AL BUE R U
(E13). T A 1 b A B EBY ELBE IR IN 1)
SO, T — 45 VP 10 T EB VIS R T 1 .

311 AFRKAKZH) BN BN, TR e P A T 1 T D e
ANBLR RSP R R R B TERE RO JER AR S, TN R

ANBR AT, T DA R A TR o 2 N 4 D % (1) 5 T
Tebr, Wb AR . TR L L. A T
FhREE, P H I S 00T, e g Ja i K/, P
W95 FERTEBV AR SR 1) P 20, AT KA
55, VMR R A, TR E RS, EBVIEIE
BLRREGNE, ENEA N BB ARIR R 13X — ]
B NN R fe s AR ThRetEH 2. 20 alas
B A 25 P G S P B [ (server combined immune-
deficiency, SCID)/Ni, SEMAKAIZE RGN E
PO EEBVILE R, Bk A2 N I 40
Hfd(hemopoietic stem cell, HSC)#HESCID/) i (Hu-

7]
[0 & .

ARSI B TEHEWAFREN AL TR 5
JE BRI s A G, KRR ST R I Hh AT A E|EBV
VCAHUAMEBY DNASEFREY, (BT 611
JIE H BERG  EIEBER, LMP1EZEBNA, 1% L5475 4%}
EBR M BUREH 20 2. M T15 00 & I BR 1,
W/ H ) S AE R M S RE S 4ERFEB VIR L FH . EBJR
BRI GRS A 2 PEPRAS T SR 71 v B E iR sh )
BRI (A . DRI, KR 23 T 00K S 1R 9 TP s 4
ﬁagﬁm El‘ﬂ‘;%iﬂ“6’21’22’29’36’90"34].

i, WA R E A §(Tupaia belangeri subsp.
Chinensis)R] B ] LAE N EBJ 55 2% G A1 2 1o vk 1) 3))

li

Bl 3 EBJR#ERE T ISR

€ mwooE o TERERS ©%, TWHE B, EBVIRE
i 2 R J 2,
FRiERE & RECRE Capopmm VPR Shiems  sepies
T EBVIRH

~ Zonen EVER DTS SBHERSS
AT )E\%EB%?@ % 7 == f2%35 (rhLCV) (maLCV)
BRI/ 518 518 —# BRTEM —f LA
Ciy EBVIIfT T AT PEES  mhiovap  eevas

Figure 3 Animal models for evaluating EBV vaccines
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Table 2 Animal research of EBV vaccine

B FLET 7] PETF B MR T PUR LY/ “
SR e xt BLEAT LL, S /N RIS S
Az B T R TG 43 B Ha sl /N BT
2023 I3 BEAE R - NTEAL/INER, R Pk P b 6 7k 2B Ak 4R &R, K A B
7= A2 5 6GA KA 24 B P I Ghi i,
FR A IR E]70%
fEECD4"FICDS” T4H i /- WAIFN-y FITNF-
2024 rBCGH A 1 BZLF1/IL-2 C57BL.6J/MNR, o; FECTF R4, TL-2-BZLF1-rBCG % 5%
23 PR AR R AR R
R — % %/NOD-Prkdenull IL2Rgnull 43 J5 1% Hy 1 34> AIPEGTIR; LA TT
2023 AL /96 A\ gHgl/gp42 mice (NPI)/M LI NP R ST EBV I 0 (247
— NEL SR S BT, S A A
2023 A BCG LMP2A, hGM-CSF C57BL/6J/IN R, s, T 3 R A K
- HEEAMETHMNMEKEAE ST
2023 mRNAZ i LMP2A, EBNAL FBNASA - CoTBLIO i A, Sy R
e R ) S AR R T
AT AT B AR 5 57 A W i
BALB/c/MRL. BEEA. B R B Ak, SoF BT AN R 20 A e
2023 PRI B /MF59 ¢B NOD.Cg-Prkdcem 1 IDMOII2r- il /£ I 56 3, & SRR Sy i S 13 2 v bt
gem2IDMO PUARRE B G-I /1N B S SZEBYR 2R B GLAIH
R R A
C2@mLMP2EAT — & Mg R, Hid
2023.9 mRNAJZ T LMP2 BALB/c/M R, I ECDS TN MFE M it #EPD- 1301571
FIBRIRTIT 2%
ep350. L& SFh A CSTBL/6/NE A EL T AT 5 AMP, FLAk (- AMP-CpG AL
20238 WERRIEEHI/AMP-CpG AR 1201CDS” T40 NRGAEL I 8 7 2 O 5 ) 4 M 2 7
MRAZ RIAEA . FE o A Ak
IO LMP1 surface loop e P A i Pk, A RN
20237 R H/AddaVax epitopes C3H/Hen/) 38C13-LMP | iR 4a X i
2023 mRNAJE £KLMP2 C57BL/6/N R B A A G e, S O e R A
AT HifkgHeL, £ B fkgHgL NPREHE
TN NER ceg BTN IR G T s S A o e T
2022.7 YR ITRLLE /B A ghgl C57BL/6/M NSG/MR {1y AL, gHal. 60-mer NP3/ LA
1M IgGRET PRH AN JEAL /N BRI EB VB e
XU % i gHgL/gHgL-gp42-NP
N . +gp350D1237E/N R FHE. TEIRIAN
20025 WRISRIETT/AF03 ﬁfﬁigigf”gigoﬁg‘f' BALB/‘{%%% TH RS AR, AU I G
» 8P - BRI (R4 A/ B 4 2 BB 74 e e
K LR B R AR
755 EAR RS, VSV-AG-gB/Gb-
GEEf AT~ A B I (K18 S, VSV-AG-
b NER ceg gHeL S T b R A i g,
2022.5 o BRI R ¢B, gHgL BALB/c/MR C57/MER b 2 G R b T 0k o B MR 34 ) o
fE 7, T b 40 P e fry o R sk G A
R
g N B FBZLF IR RE R, (Y /N EBV-
2021.5 R SRR 2 B 2% 1 BZLF1 Hu-PBL-SCID/)M ], LPDAE
5 ul %t gp350D 12341 EL, gp350D123-LS/
AR ITRLEE H/MF59. NEL 13-01-NPPR R GK BRI 1T 24 RE 5 7 4
2021.3 ey gp350-LS/gp350-13-01 BALB/c/MNR . BN A RIS, 3L AR
B AT 5 40 g b AR
HHEL FIFN-a g {4251, QpGj‘sﬁszfUH@Eﬁm%
2021 AKRIE B /CpGERIFN-0.  EBNA1AGA92-327-TA C57BL/6/N R, 7L E KR MR, S

JHOE A K B S5, 5 PD- IR &
KA EIUR A
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PRI o 5 R KRS A B E DN RS R
EEZS SNEGYNE NSO Stk 8 S SR Yo
Forh B MR AL St R B, MERRCR2
L egp35045 & 1 BRI T 51 5 N K B A A PRIk
100%, H/EZEBV/E I — RFIFKI S5 AR EBJE
B AR I R BIR A p ], R
FA G| AR R I F I 4T 9 D A R KT B IAURE
SEREIR; IS K 22 B R S JCRE R IER G, T DASE IfiL v A
AL FIEBVAI ISR A, 5 — TR FUE S 7E
WkEFPEBYA B2 71, W ZEA A LI A U 2 EBV 5 A
FAR A PRI T, /NS 23 B I JALE Bk
45 Al 46 U EBER, LMPAIEBNA2BH 14, 17 fifi 5
SIS EBVAR G ANIVE, FEARTER BB )Y
A7 E A L 20 SRR e 2 e ) AL 4L, 7 R TR 2 )
TEHE ST 52 A4 A2 75 ] DU EBV BURE S50 AN i P
T AR AL,

312 RKKZWY

e NFKR KB (non-human primates, NHP)ZJ)
VIR 5 NEmEARLINURIREE, i 8 516 £ 16
By 2 AH B AR H B w Wt R SR AL T % BRI RE AT
AU BLIE19724E, 3 W 78 G IR RNHP S5 A (1)
LK RZXMEBIR R R RIS,  SKEBA B H ARG
NHP /) A] g,

2, PAGRTRRE IR AN @ MR (Callithrix jac-
chus) JIAREE BT S 85 1 FH T VP4l 55 T-gp350 /W EB
SRR T DR R R R R . R AR R R AR A S
FARK 1 AR RO ki, i TR R D, B
T 2R T A A AR L8 38 A% 32 4 51 NTUCN e ) i 44
B, BEARTCIE T A T EBJR #RE i vPAl . DAEIRR A&
B N RE R E S E T IR 5%, BT AN TE
B BERZ, BT ZAESER. —Fh
S EBJR 5 H K 7 41 i FEEAH AL ) 94k ©2 B9 2% (lympho-
cryptoviruses, LCV), 1B VA LRG0 2 (thLCV), X%
W B A MR Rr 1k, Reg AR € BRI 8 F B A i
ACEAN S EH R, E AR BB rh LC VB L A EB Y
BEAHSC SN R S OIS 2 ik ke, DAk
TRRBECEEBYR ZE 0 70R (AL SR, BB R
KA N TEHEBVIERL BR HAEEBV SRS
FRASE . BRI, DR B 0 BIF ke A ' Dy A R s 2 R S
PETHR M S PPN ALY, HASE HrhLCVAE AEBVI &
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R, PRUTEBIR R B R4 1 H.

3.2 BRSSP

FESE IR AT 7eh, IR G IE VT FEbs H
TR AR S VPG TR R R+ L 4
K 22 B E R A T S B G 1 A A S S A
IR APk, B SRR I RIS o, T
TR PERE AU, RIS T G 2 RO i 2 B AR AR 2
HHORIERLA. B RTEB VI I PR BT A 7T A PR IR 6 2
B EBVHEE F WNgp350, gHgL, gp42, gB25 My %y 5,
I S PR A STEBVEE SR A R R RPUA, KR
PR E W & B 5 1E AR TR, HOHIE R TE A
i 10 285 B 452 N 5 2 1A B R A A LS. — fgAA
NPRE T SHLAR S A i b AN R, R X
o3 B S e 1) T A DR ) S g B K
LS T G 32 /0N BRSO 5 1035 R 4 g B S g G4 JE
ML DU BAN AN I 52 40 i i) R sk g, wEFE N
AIRE T gBAE N AR A 24, a7 25
G IR A VAL N BREBVIE L 4s T it 4k A4, 3t —
EAIE T gBAE A 9% SR BE 15 155 T ML = A8 v i B 1Y)
HANUA, NEBVIB R AT RO B T Mg
IgG/KF, IgGl, 1gG2altlgG1/1gGa%sdsbr il /T
PPt 28 T G2 I PR R VA, IX e i s 32 B S LA
FEAE BT I, T VR A B A B T A R
P G S . R BB £ HOR I B A g 5 B 1L E o B
X fE ARG, BS RE SR 5 SR B T EUR
TR A, RS P 5 S I E B 5 th NI E B A4 K S 5 AH
TP I AR 2 B RS AR R AT A T 40i5 4. Zhu
2t NUST3 gob Y00 s 2 PR e 58 R f R N 14 1T ¥ e
HRORIE PRI, 3 ISR U () RS 4 3 JE B B 22
. 05— WA R FE R BH, 1 2% B vk e BT A R
73R 15 R 5 M gp3 SO BT AR TR JE 5 S W 14 K RIS AH
K Rk, S EBYR # A BUAA 599 #5450
KA MMM 7 E i — BRI,

B 7 R AR, TN SN AR VP T
MU A28 B2 50 F) B B3 3. T4 P A 0% 26 bk 2 % v
BB M B o AN PUAR  =2E, eAh, T4t e
I 53 WAINF -y I TNF -0 55 RN (K175 BREB v 25 95 Ak
SRS T2 B AT bR 2, AT 1 EBYS 23 K e 5 81U
21 B 5 A3 A RIAR SS9 A R AL PR R
G2 J 4TSS 7 1) 48 A 3 B R S 1 T 41 M L 431 B
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Research progress on the vaccine of Epstein-Barr virus

JIANG ZiYing, TIAN XianShu, XIE Chu, ZHONG Qian, SUN Cong & ZENG Mu-Sheng

State Key Laboratory of Oncology in South China, Guangdong Key Laboratory of Nasopharyngeal Carcinoma Diagnosis and Therapy,
Guangdong Provincial Clinical Research Center for Cancer, Sun Yat-sen University Cancer Center, Guangzhou 510060, China

Epstein-Barr virus (EBV) is a human herpesvirus that infects the majority of the human population. As the first reported human
oncogenic virus, EBV is associated with various hematological malignancies and epithelial cancers. Therefore, effective prophylactic
and therapeutic vaccines are of great significance for the control of the EBV-related disease. However, there is no EBV vaccine that
has been proved in clinical use to date. The outbreak of the COVID-19 pandemic has brought great challenges for global virus control,
and thus boosting the innovation of virus vaccine design. The development of vaccine against SARS-CoV-2 has provided insights for
current vaccine research, no matter in the aspect of target antigen selection or vaccine design platform. In recent years, progress has
been made in EBV vaccine such as nanoparticle and mRNA vaccine, and several vaccines against EBV have entered clinical trials. In
this article, we will provide a comprehensive review of the current status of EBV vaccine based on antigen selection, vaccine
platform, formulation and evaluation system. Additionally, a prospective outlook on the future developments in this field will be
presented.

Epstein-Barr virus, vaccine, glycoprotein, adjuvant, animal model
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