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T, BT B, B, AR 98 A S . BT R b g 2 g B el P 5 3
WFFE BT AL R, F5E 7 1) S T AL e i e Rl S5 561 . AR R i A AT
KAvm i DAERGRZR DABEARAA SR E T ERFEE TS5 TRIER(EHA.
973 T 863 TR AT (I TR Z ) WFIT IR, T RFE K H AR BL #3418 1 301,
KA SCHESL 20 4% o

EBVHHX 4 B2 F I p53 EERTRIATRENHI S E X

Fts =F

HE 2014 42 A B 208 3% (The Cancer Genome Atlas, TCGA) & k¥ B S HF KT 4w P EB %3 (Epstein—Barr vi-
rus, EBV) 2 4 A Bp EBV 48 % 14 B %% (EBV-associated gastric cancer, EBVaGC) &4, T A k7 9 E R AR, EOIE T RLE
G KR  pS3 A BH R R &, 124 EBVaGC W p53 A B & % R 44K T EBV P& B % (EBV-negative gastric cancer,
EBVnGC) . 7T REALH] 4 : EBV & 4% EBVaGC ik 69T F 4 5 A A p53 &% 6 5% & 07 20 F- 9% & BZLF1(Z) A Z AR, e 4
EBV #R & R S Ae T2 24 R 45 0, 5 AR pS3 & & 7T £k = W ey M Tl il iz FA S5 R R g, A L3 T &9
pS3 A H AR AT EBVaGC R 09 T3tk . Mo EBV B L5 Xm B0 P BAR T KR emieziE, ARadE T EZPD-L1
I 3G 09 B AEAE BT AR R A S 36 9T 093 B AR, IR S SR IR N R A R P EBAE R . W2 EBVnGC ¥, $ AP A &
FHPBARTEERG LKL EFTHIPBA D FEAE AL, ALK EBVaGC P F L pS3 A B £ L ik — IR 65 T AL
B EATLRE

KR EBVAAMER pS3ARNEE FAHPSIEKE ZAKL  LIEMAN
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Abstract In 2014, The Cancer Genome Atlas firstly classified gastric cancer into four types according to genotype. Epstein-Barr virus
(EBV) positive gastric cancer or EBV-associated gastric cancer (EBVaGC) is attracting attention because it is a possibly suitable group for
immunotherapy. Among the mutations observed in tumors, such as gastric cancer, p53 mutations are the most frequent. In particular,
it occurs more frequently in EBVaGC than in EBV-negative gastric cancer (EBVnGC). Meanwhile, EBV infection is considered as an early
event of tumorigenesis. The interactions between wild-type p53 proteins and BZLF1 (Z) proteins are essential in maintaining the latent
state of EBV infection and promoting early replication. In the latter stages of replication, wild-type p53 proteins are degraded through
the ubiquitination of some viral molecules. These findings may indicate the importance of wild-type p53 genes in EBVaGC formation.
Inflammatory responses induced by EBV infection, tumor with a large number of lymphocyte infiltration, genome high mutation, and
PD-L1 amplification make it possible to become the appropriate group of immunotherapy, which also illustrate that the important role
of immune microenvironment during tumor progression. In EBVnGC, extremely high levels of p53 mutation were observed because of
several associated factors, and the p53 protein encoded by the mutant p53 gene lost its antitumor function after tumorigenesis. In this
review, the possible mechanisms of rare p53 mutation in EBVaGC are summarized.
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EB %ﬁ(Epstein—Barr virus, EBV ) J& 208 14 DNA
S B, 7E B TP SR D, B3 2014 AR S L
K120 [& 3% (The Cancer Genome Atlas, TCGA ) M\ 7K
SER 1 A B ALY EBV AH M 1 i (EBV—associ-
ated gastric cancer, EBVaGC) {E Jy Horr—Ff 43 74 |
IR RE R BETR YT I A am B AT Bz e . Bl
HEES TR L AR5 & LTS B R E N
[ R 43 e v | 28748 65 18 1) pS3 FE I TE EBVaGC
Hh g AR BRARANEL 20848, AR SO X — B 1Y AT B
MLHIHEF T2
1 EBVaGC f& 4
1.1 EBV }2 EBVaGC At % i

EBV J& K/INZ 170 kb B9 0UEE DNA 5 8, i AR
JEIE N T 4 T, T 1964 4F- 15 YR 7E Burkitt bk B4 98 20 g
Al ke B, BRI R T 5 | 22 0% R 4N Burkitt
IR R R AT AR LR L S R AR e
BRI S5 A R 0 kS A TR
2 6 Fh EBV 2415 (EBNAs) 3 i EBV TR I
B H(LMP) .2 Ff EBV #% # #% 2 (EBERs) fl BARTs,
AR AR A P2 A 5], EBV AHIE IR 43y 3 Fhigs R
Y EBVaGC B Jg iR 18155 1175, 55 EBERs \EB-
NA1 1 BARTs, #4535 7] # 3k LMP2A . 241 &2 il
I3k B 20 B R 1 BZLF L (Z 2B 1) A 08 (R
WA B 11, X 28 7= ) ELA AN R R A B0 1 o
1.2 EBVaGC A 7925 K R4 A

Tokunaga 55 /38 2 J5L 37 % 22+ A & B 1 9 40 g
HT77E K& EBERs, EBERs K1 1% M2 Wi EBVaGC 1Y

GtrifE. EBVaGC 2y 5 BT 8% ~ 10% , T A 19 2%
4 iR EBVaGC HAA MR I R A5, FE 55
P U B IR LR RR A 2 B A TR AR O
1.3 EBVaGCZHZURHISA K oy T A W24 15

EBV = BLE YLk L A0 Mg, SRR UL 1 T R A M 1
= AR, A RSN R 2 5 EBV BH P Ik 2 240 i 22
fil M & YL . Song 255 %t 123 f41] EBVaGC H 3 R4 #F
5%, AR B YY J5 1 3 4 A G5 S AN [R) AT 43 Sk ik 12
I Rz 988 R R (lymphoepithelioma— like carcinoma, LE-
LC) . 5a. % R bk 4 448 e s vy A 98 (Crohn“s—like lym-
phoid reaction, CLR) ML S E i 3 2 212 Y
Hfr LELC 25 5 EBVaGC 1 43.1% , Ifigd 41 21 iz il
Hi T A0 M B NK A, 05 ek o A FIE A itk e
2 L 952 9 P R R TR o i R HR T IR 1 G B I
B B A BT I EBVaGC B E TG .

TCGA 538 2 i 58 45 R & W EBVaGC HA7 PD-
L1/L2 F1 JAK2 73 T4 1 PIK3CA H& K i3 4 R 58 748 K
FE KA e AR SE o 1 AR W2 e A A, pS3 R I
AL HAE EBVaGC H i ik T EBV M1 1 H % (EBV-
negative gastric cancer, EBVnGC) , 7£ EBV J& YL R4z
1009% 1) S MRIE A AE L IS 7
2 EBVaGC 51 p53 L [FZRITHA(RK

Wil 5 68 ok Bk 22 1) 18 i el f A o LRI S AR
T, AR U S ) B R R TR 1 2 B EBVaGC P
P53 FER AR R, B B IR, . F KT EBVnGC
H1p53 BRI AR (R 1),

F1 TEIAFIRIEA S+ EBV [A 2 K EBVaGC Ff p53 HE R R

Table 1 Rate of EBV-positive gastric cancer and p53 gene mutations in EBVaGC

Literature Published year Gastric cancer case

EBVaGC proportion (%)

p53 gene mutation rate

EBVaGC (%) EBVNGC (%)
TCGA™ 2014 205 11.22 (23/205) 0(0/23) 51.10(93/182) 0.001
ACRG'® 2015 191 6.28 (12/191) 0(0/12) 40.22 (72/179) 0.004
Kim HS, et al”®’ 2016 438 3.42 (15/438) 14.3 (2/15) 60.60 (256/423) 0.001
Lee J, et al™ 2012 237 24.47 (58/237) 1.72 (1/58) 5.59 (10/179) 0.303
Our group Unpublished data 143 11.89 (17/143) 5.89 (1/17) 42.86 (54/126) 0.003

pS3 R RAR 5 p53 T F b A — e, 78
1EH JG DNA #5153 (5 5 G G0 T, B A4 A pS3 3 11
LW 6 ~ 20 min, Z)# MDM2 i 72 i, DR 41 40
HROE ARG . pS3 B PR A A BAE DL D B AR
R pS3EEH ST N Z B A A5 G pS3 B H sz
Rt 5 2) 878 pS3 AR 1, T L5 by el A8~ o ) Sk
KRG R R A, EiRBR pS3 8 (HARRE B RG:
A HRIE A 25, EBVnGC P e o nm H A

K — , Ti7E EBVaGC H p53 85 [ Y (5555 H -5 Bt
PR, iX AT g5 p53 HEPE R A A K, 7EEBVaGC
TR LU, ZHp53 8 FH B p21 Rkt H
P, T AE EBVnGC H, p53 FHME FR S b o WL p21 BHA
Al RE SRR & p21 25 1l B AR AR pS3 B M0 R AT
AR, FIREE R EHIE B EBVaGC F1 EBVnGC
H pS3 A FEPIR S

3 p53 E[E7E EBVaGC 3T KX AV AT REHL 5
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3.1 EBVEYL]RESE EBVaGC I LAY R

B A R IER AL g bR kA SR
FEMERAL I — RG0SR . ARG R TR IR F 42
F R A A 20 20k I AS 2199 7 EBERs, 11 78 5 78 4%
A G E R AL A 20 mT A I 2 X B EBV ] fES:
5T HWEUN A A ) 5 88 A g f2 Y A
¥R W EBVaGC 2 H 9k 15 I8k e 1) 4 i 50 o P 34 B 1711
B 9 A TR 20 L R A — A, X 4R EBV
JERYL I PR T B 1 R A, BR e A A S B Ao
ok AR
3.2 HPARI p53 8 S S rEi IR B R A
3.2.1 AR pS3 B A 4E R EBVaGC AR Gk
A EBVIEY ARG 90% A ARARAS 2L R R
ZH3E 2 2B BE (HDAC) 1E T 98 25 7 R i i
AZUREHI ., RIZIR 3 K BZLF w5 ) 2 8 A
Y R N N B FNE 3 = O S e 3 o = A o
LG R JE 0  DNA 854 IX RIS Fk vty (RE — SR 1k
FA 55 SECTG IX ), T pS3 B AR R 3 0m (B 1 RS
[X) \DNA 45 & DX RN 22 v (B )i X)) , BiF 9 3R W
S Y 78 A 2 SR — R Ak S5 10 5 8P AE A ps3
B R PR FE i 25 6 A RE A0 Tl A6 bt 1) 2 Si Y v ot BEL D
ZEEEAN IR R A R
A 80 pS3 2K [ 1Y A R T e R s IR
AR, Gt p53 B R i 1) 36 R | B F AR 2%
ARG, XA AN FE UL T EBVaGC H pS3 LA
GRAR AR S A
3.2.2 EpAMIps3 A A S EE R A S R 2R
WL N BZLF1 380 7 8 (1 223502 I8 3l 7 &2 i 2 i
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Figure 1 The role of p53 protein in viral latent and lytic phase
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3.3 HPA TR pS3 R AR SR G T A i
3.3.1 B AR p53 2 MDM2 354 i e ik 42 6 it
TEIpT 15 5 T L, A 8 53 2 [ ik Fe A A S 2
B R A S b e AR RO A AR )
53 il P S B DNA Ko A L, 15 8 U Ak
o 35 DR T TG ATMAK S ) DNA 453473388 5%, £ EL A5 10
FEVE R pS3 R FI B (L 2URI B N, MDM2 5 Bz 1
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332 WM pS3 Iz ZIIB M EBV AR
[] 7 ) e 45 AS [m] (1) 24088 4, EBNATL S EBVaGC
ME—FRIXMIR B, 25 T pS3 YRR, X
EBVaGC W kA R JE 2 XHEE, USPT & TR
E A, &Sz ZALEE(DUBs) F R R B R 2 —,
HIE R AF e — B S M IR R - 32 AR 45 & T+
(TNF receptor associated factor, TRAF ) #f [R] ) 7 31] , 7]
DL AR pS3 BRI REA . BRSO, B A A
pS3 25 Y DNA &5 6 X il S5z P ol 45 A mi 2ez £ 14k
Yo 52 Wi, FouE KR T RE , fH EBNAT %A 5 p53
H 1 DNA 256 XA A S5 ka3 >, mT DL F pS3 8K
10 M5B A Se e 454 F USPT i pS3EE AR &
b i B R KRR, AL T pS3 ER I TIRE . BEAh,
EBNA 1 AT # i p53 #H P8 T- 2 A AR R T2 1, 20
p33 8 A LAk i B
3.4 ZFh DNARGZIR BRI EF A= 20 p53 2 H I I fE

AALAE EBV B 4 i b 2 b B %, e
DNA Jf92 95 1 ik Y th 2 (i {1 p53 2 1 B A ok Dy ik 32
Mo 1EANFEE MRS E: (human cytomegalovirus , HC-
MV ) SR i 4 B b, s 28 7 1 B 20 00 2 26 1 (TE2)
A B A T p53 8 A RS0 1 418 1 S ki
FEMF p300/CBP, T4 p53 & 1 AL 2 (1 1% L Ik AkatE1fi
T pS3 A TG E . WA FIEHRIE HCMV B 21
A& 21 MR pS3 A LS A0, X BUF
HI0p B A L A2 ) 2 OC EE 2 HCMV ke p53 JE [
R O A R B, 7 AR R T R A 1 B B A
R p53 25 X HCMV &2 il %) 2 224 K pS3 i PR Bk [
AFIF e iE 2 A RE S . 78 TR L4l 2955 BF (her-
pes simplex virus type 1, HSV1)J84% (1) 240 fifd 2 H . &
B ED 2 FU 8 1 ICPO AT 584 pS3 SR 454 T USP7,
il p53 B#fR S T3 PML TR B>
4 EBVaGCHUBITHI=

H A, %F EBVaGC FURYT a5 i A B, 56T LA
O T i A A pS3 B R AR N —FP T
B, e\ R R a6y 7 1 A G A, T RE A DL R R
A : 1)%f EBVaGC M EBVnGC 347 RNA-seq & ¥, EB-
VaGC H &3k 1 ] 19 JE PR 3 B2 AR vp 7 4 5 B 28
T2 A W 9T 2 B A PR - Rk e ) A T SR AR
R 92 40 L 58 Pk 2H 2 R A IR AR L A 2 EB-
VaGC B Z WA XA B T EBVaGC 41212
) K 7 [ A4 B R 100 A A A SRR, 2) EBVaGC 2
PRI A7 PD-L1/L2 9 38 Rl 2235, (R 50X Jigg
HIFUSE ARSI . AT R LT PD-L1 B
PR, FHTEH A 5 KB S A1 (overall survival , OS)
FITCHA A 2 Y (disease—free survival, DFS)® {Hti G
TF 5 24 BH g 200 B B2 A A 85 /31 3¢ 38 PD—-L1 5 g ik

J& AN TG AHDC T 3)EBV AA7E S i kiR AL

AN A RIS, . AU PD-L1 20 1, 2

Foft 4 32 M 1 437 40 CTLA-4 . LAG-3.IDO1 , TGF-

IL-10 By KPR IS 7R 1 AP p A A7 R 3 H

) REL AT WA R W FE EBV AR DGR 1, IDOT 434

FIBIR G RPEM Z RS WA , HF A BLIDOT /N

I AN e S S R 32

B RERG AL i 1Y 2 IK 5 R TR A9 Z 1 AW

B, X ] BE -5 T IR B A 2 SR 1 S BE A

S ABHAOE 1A N B FR GE LA B IR L i E RO

e AT AE A1 X G ZR G0 A 5 i) B A

o BHPE AOAR A [R) S5 DA 56 o i S 0 M B3 S

(1% iR 1 i 8 O 358 % EBVaGC T il 2 S 2,

PD~1 4 I 7E EBV JE 4L 14 82 27 5 1k L3 rp 2 M4

BRI S REAR A  BELT IR T B ) At AR

A FIIRYT REX EBVaGC R4 —ERUR,

5 &E

U LAR SR BEIR T 96, I 1 £ 40 Xt EBV

JEYL 5 9 G BE SR ALE X T EBVaGC IR T Hef# AR

AR, HERERZ, EBVaGC 1 p53 5 K 5848 H AR

R ELREX GG T AN RE. Wil

A R S SCHR, AR SCRES 1 AT BE AL - o 2 52 il 17

W ZHT AR p53 A RS (AR H I SR i

Tz R AL MIREAR , % LA DI RE , 02 68 8 &

A, BT R AR EBVaGC Hh p53 R R S8 4 L

IS . TR EBVnGC H 41 RE A A8 A8 2R 1 3

B KA . AR EBVaGC IR A K g e ni iy

T AL K 3 T 28 4 v o S IR B F 5 k4T
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