RERZE: EaRE

2024 &£ $£543% 5 12 HY: 2288 ~ 2297 O OPERSE ) Zeit

SCIENTIA SINICA Vitae lifecn.scichina.com SCIENCE CHINAPRESS
i i EBRHELIM0EE: BRSRELH CrossMark

EBV g5t 5 AR B A i st e

Byl K

L R R Rt T i, AR 512 2R R B E T E St =, Kb 410078;
2. TR RER S — M B B b, X sk s ihgs BT i W S R N SRR, BT 530021
* R A, E-mail: ycao98@vip.sina.com; zhangzhe@gxmu.edu.cn

WSehE H 39: 2024-10-13; 552 HT: 2024-11-15; M4k % H: 2024-12-10
E X | RRL R S 3 S 81430064, 81672705, 81874172, 82073030, 82103019, 82303258, 82303137, U22A20322)% B

RE RERRBINRBRLERERENEZING, FERTHZ T BN RS, LARBE = 4080 K%
KR EKHAACLTEY, BBFRFEAL LD FZRANTIREE T HRORAER, WA TRELR, FIMH
RRFEHEA R TFR, RELZEEMFRA. A, REFRRMEXINE TR0 0E = 8K
I, BAELRMELNR RGN, BT RBARENEREXEA-—AFHAEFEAMNAESELH

IR, A &R AT 6 38 1 SR s R B TS
KA EBFF, 2UE, B Rut, £4

b % % EBJ; 7% (Epstein-Barr virus, EBV)HF 5T A
WHRN, AAIFEE4EREB VIR YL 515 32 40 M A1 5.4
FEZ I A VB, 3 B 88 1740 K993 B Lt R0
RFHNETT RIS B A EEE . AL BELGEBVIK
et A g AR R MR R AE SRR, BAR
XA SO FEEB VAR G b (1 B A A R B AN A=
LYE VA

1 EBVSZRIARTIRE AR s

LR R R BUE(E S S IRk, g
SRR IR = o R ECRARRHE R T 7 HACU R D fe.
LR RIRZ) 714 ¢ H [ 1(dynamin related protein, Drpl)
Je— PR RIR YR A, Drp I BERR LS Hm AL 1)
HEHLH]. BRI, EBV-LMPI1PH M) 50 (naso-

pharyngeal carcinoma, NPC)ZH 21+ Drp1(ser616)i Rt
KV, ST SR o A A T B
IX; T Drp1(ser637) 8 B A0 7K T~ i 1) £ S AR A7 A S TG
R R S K. EBV-LMP1IRSI LR RIAA 3 2, 5
SHERERE, MURIRE AR I, X P DD RE SRR T Drpl
(ser616)/Drp1(ser637) MM B A0 A 23 [P35 1%, EBV/
Cyclin B1/Cdk1/p-Drpl(ser616)LL XEBV(LMP1)/
AMPKa(Thr172)/p-Drp1(ser637)# ANz 5 fl 3 [F] 1 15
e Rifk sy, B IENPCA HUBE AR ; ¥ [7) Drp 145 5 Hl ]
12 rmINPC IR AU .

JIRNEL A A% 7 2 4% 15 B (adenine  nucleotide translo-
case, ANTs)ZZP RN A, £ EMFTLA KRS
ADP/ATPHI ¥z, ANTsAHE DU A A[F] [F) B 57 44 4K
(ANT1, ANT2, ANT3HIANTA4), ¥ H|EALBERR 1L AP
B fife~F- i, FLrP ANT 12 SN0 e A Y 0 B 4 4
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¥, ANTsH) D fg i B S B R SUE. BRI,
EBV-LMP1E L T2 kiR W, 5ANTIEAE, AT
ANTI1 [ % FE LKA L 5 M m-state, fIHIANT I R
MAR, FRIRLERIAADP/ATPAS e 3R, SFE* (oxygen
consumption rate, OCR), LLKEALBEEZ L (oxidative
phosphorylation, OXPHOS)/K*F, H¥INPCHE R
I FH ANT 1S G AN 7712 25 RBE H (carboxyatractylo-
side, CATR)S A& 76Y7 7l $2& RmEBV-LMP1BH
NPCALIT g

BOFTHIEFT I, EBNA2H ok 3% 50| Wk i Ui A i
1(indoleamine 2,3-dioxygenase 1, IDO1)7E/EIL B
R 3k B BINAD(nicotinamide adenine dinu- cleo-
tide) WK & AL, H7n 1 EE T BINAD AL AGERF
LRLAR S S IINE T, TR S AR R, TRk
L, FEHHE N MIEIDOL )T G I 56 bk e
¥R A=, FIHITDO 1R Jak/ b5 2 HILRE A b 2980 R .

2 EBVHEBEALLFES

EBVE Y FEA M IR E RS KT, EBNATE
NOX{E 5l B 75 T 18 - 40 A0 N, LMPIAE KA
A S WA R 2 B A R 2 PR % (reactive  oxygen  spe-
cies, ROS)K T NPCJEBVAH X IRIAAHE Rk
LR i v 1 AL DK B0 1Y) IR (reactive oxygen-driven tu-
mor). HFFKIL, EBVIHPENPCHIEROS, Rk fA
ROS & Z & TEBVIHMEMINPCAM. [FI, W4 1L
B JFEXNADP/NADPH, GSSG/GSH LA TH, EBVE
RIEGL B bR FEROSHE =, NPCHiR A ZH 2R K I i
E LR s B 8- 74 i AL & H (8-hydroxy-2'-deox-
yguanosine, 8-OHAG)HH Wit i T~ SRSV 98 0 8 %, 7
TNMZ IR A, XM SR N R, SEURA
BT BAEA . ERRAGFNE. EBVIES mAILN
B, BTG I EAE R ETIRIVIE. W5 R I,
EBV-LMP1if FROS [ — > # B A W) 22 R0 2 i i3t o
BRI AL, T BUME AN 0BT B, N-Z B R
B2 (N-Acetyl-L-cysteine, NAC)BEA T FREREA AL B
FEBV R fRIE KT, AR gwigr 41 T & A
BHRF13KiA, NPCIEFHE /7 UL He R A K 2 g
R PR, SN0 T B,

EB VYLt S8 A0 I SR AR S 1 VAT AL B 56 T
NADPHELEF2(NADPH oxidase 2, NOX2) k& 3= E i

A HT P (NF-E2-related factor 2, Nrf2), iG{kp62-
Keapl-Nrf2f5 5@ %, HFGPX4KH, FH& 5TAKI-
TABU/TAB3IR G EAR, AT TAK LB IE 1,
i FIFMAK-INK BL S NF-«Bi@ #, /- S4657 HitEl

3  EBVERIFIIE SHLH

EBV % i 7= 913 4k 2 2% 5 A Ul % 60 45 AMPK/
mTOR, PI3K/Akt/mTOR, IKK/NF-kB%%. EBV-LMP1[H
PENPCAH U EIE AR R I 0. WE R AR e 8 o . BRI
AU =T 90%, K B ff KU ¥ ATP (glycoATP) A %,
AP T BChRIC AR A PE AR o b ik — 2P AIE
B, EBV-LMPI1BHVESH MR A ERTR . LRS54 e 3%
o, N =R TR . ol R
(a-ketoglutarate, o-KG)%5= )4 BB W FEAIK, RIN
T fi2E FSCRE i IR (gly colytic addictive tumor) FRA4FAIE.

CUE AR 2(hexokinase2, HK2)ZMERERI&E LAY
B ANRIEEY, WP RBL, HK2M SRR ILZH|
EBVAILMP1 /) ii4%, f2ERIALMP1INPCYH L,
KEHK2ERE TLbik. LMPIIHLPI3K/AKtE, HT
Wi IIGSK3BHE e-Mychase P, J5 & RHK2. HK2
F&ZEBV-LMP L1 1) S E ge =AM 7 1.

JIF e 4 L A % s 4 L 2 e B 6T 2 T (g lu-
cosetransporter, Glut)A{ZRiA B8, M e ik 240
Jf e R B N AT B, EBVEH Ik 8 h LMP1
Bl I NF-«B15 5l B 4 15 Glut 1 A 72 £, NPC
Y f HLMP1REA FUE #EGlutl KL, LMP1ig{k
mTORC/NF-kB/Glut 1155 38 F i 32 5 4 Hi A1,

J R A B, 6k TR SR W - 2 Y g SR -2,6- IR
M3 (6-phosphofructo-2-kinase/fructose-2,6-biphospha-
tase 3, PFKFB3)&Kik, TEMEMEMF k45 H Z/EH.
PFKFB3 1k 77 4= BB -2,6 — W2 (fructose-2,6-bispho-
sphate), J& & 1 IIPFK- 135 M M Jn s e gt . oA
J83 9% 5 A (cylindromatisis, CYLD) & 1 1| i iR _L 35 1Y)
WATFUH NPCHEBVIE L # 3% KT ZNF202 41 il
CYLD#I£! [FFNPCHCYLD S A4 ffg 5251,
CYLD [ e {1 12 B B2 2 (1 ML) 5 & BIC YLD AR 58
p53, SEGL G AL, BT RS FrpS3IMKASIERE 1117 R b
PFEpS3MIIEE, JRH 454 £ PFKFB3JE 31X MM
il He e 5%, b4k, CYLD5Fizzy M 2% 55 1 1(Fizzy-related
protein 1 FZR1)EAE, {£#EAPC/c-FZR1 E3MHE M, i@
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268 A REA R Az HILBEMPFKFB3. NPCHis A H
fKZRIACYLD5PFKFB3m KA, FHICYLD@ T
p53/PFPKB3 L [ FIR 1/PFKFB3 4 fENPC H 5 15 i i
i A1 T T T R Th g

4  EBVE R IR E ML

EBVEHPENPCUL X B ¥ (gastric cancer, GC)E A -
3950 M OB A% R ) e I (early  oncogenic epige-
netic addiction), IXFFEBV AT £ H 364k A8 B R AT
Je AR R, B — Tt EBVEAA R B L K]
(epigenetic driver)DjRE, Hod i FWE 1L = L]
SEME = CpG & AL R T (CpG island methylation
phenotype, CIMP), & ANEBVBHENPCHIGCH) 5 ZA4s
fiE. H AT S AINPCH S0 A0 2 R B G A L
FhP 4B A, DNAfGIEE . EEMEMSE, Hi
W A AR R P aE B SR AT TS . DNAFH
FE L BE(DNA methyltransferases, DNMT) )ik 1 5
S5EiE i OO R CIMP ) 8 5 F 34, Rk
I, DNMTI1/ENPCH =581%, EBV-LMP {2 DNMT1
REZRAABAL, FHmDNA D-looplX F3Efk, {4k
WA IR 55 52 6 Wi 7K S 1t A, PR LMP 1 1]
o] R 2RI E AL BRI AL Th e, [RIFLMP14Y 2 DNMTI
T A E A IR g R I8 AN K 22 5 1 [A) R4 (phos-
phatase and tensin homolog, PTEN) & f& 384k, M i i
p-AKtEGE, (EBEREREARTS). KV AT 25 PEGS-Grifolin
HRMHDNMTL, HKEPTENK L, M{Kp-AktiK
S R, EBV-LMP L@ DNMT1H JEAGHL 4%
OXPHOS VA K HER#fi#.

JIev R 4 A 11 2 LB AR AZ 1 0 2 BIDNA FF B4k 2%
FH LA 2K AT, TETZK i (ten-eleven translocation family)
B A AL S- I8 B % g (5-methylcytosine, S-mc)JF&S-
¥ H L P g (5-hydroxymethylcytosine, 5-hme) & —Ff
HE L AT . NPCHHDNMT1 ) — A H E
F&TETI(Tet methylcytosine dioxygenase 1). NPCH
TETI 3 mik50%LL 1. EBVFHENPCAIEHTET
il 7% 14 32 2 BRI, TETEE & T o- KGR H 80D 42U,
o A 2- 2 3 1 R (2-hydroxyglutaric acid, 2-
HG) A 5 5+ 0-KG, IF5 o-K GRS XU 2 g 45
&, FHETTETsXUMSARG B ThRe, A H G 5-meR
WH5-hme. ACHHH AW TR L, EBVEHPENPC 2-HGH]
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i BT, EBV VCA-IgABH M7 A5 H2-HG & & i 3
= TVCA-IgABITER N, BT Mg H I AKT1 A 5
DNMTI S143®5 4k, HsmHtaet:. ik, EBVATiE
T W0 AKT 1A R 77 AR v vk R R S50 AU A7 I T 38 5t
DNMTI1HZhRE, BCAEBV FHE il 2 00 15 4% 5 1
R, [N, EBV-LMPL@E F 0@ E2-HG
(2 EAM M TETEE A 3E M, BELAS I 25 At 72, {5-
hmceFFAR, AT I 3 IR 4 R A/ 25 640 O s, M
I, EBV-LMP i ik 2 Ff W ist 4% 1AL il 74K 11 3 98
HE TR

RRIRANG PR v HE L AR U T A 5 2R R K AL (fu-
marate hydratase, FH) 1] 157 V4l fB 44 28 #H 28 R A= BT 2R
1% —7‘?@ EBV-LMP Lt i #fi FHZK A4 ZE 8 2 B 11
TETE, PRI N SRR S R, AENa-KGIIZE
v, LSB%'? S i - K G A B XU A BE TET 1Y
G 1, R DNA A AE 1 58, R FRIPK3
FEAL PR M T K70 0 980 41 B 2 e M SR SRS b,
EBV-LMP1i4 7] LLif i LSH(lymphocyte-specific  heli-
case){EH T-FHJE 3l 1 X =& R WUTH 1 Gqa(epige-
netic silencing factor)fIHIFHZ A,

SRR o — FhOCEA BB R AT B IR A
fifi2(isocitrate dehychogenase 2, IDH2), L] isivE{Hi1k
SFFERRE fa-KG. EBV-LMP 13 it c-Myc{Z i IDH2
ik, FHAMA2-HGR, FRa-KGH R, Homih
JEIRTE /1, SR B A AYIDH2Z EBV-LMP i 4% 41 i
AR B G P2 1) S B A 1200,

i AR WEAEHLE4F, EBVYRiL ) BamH1-A
Rightward Transcripts(micro BARTSs){E 2 ¥/ i i th
A EEIGE, EEBVSILIImiIRNAY, BARTsTE
EBVAH KM 5 AEE, HHmiR-BART4H] LT i
PTEN, {2iEPI3K/AKTSF A M T 15 4% 421,
BART7-3PF&iE AL PTEN/PI3K/AKTAF, if_Eifc-MycHl
c-Jun®*?!. miR-BART22t5 _FifPI3K/AKT. [Hitt, 5
P M R IX 2 L L@ B ZEBY. miRNARE [ 1)
iWE%. Ak, miR-BARTI1-5Pil it PTENEMK #7572
AL AMPK/mTOR/HIF 12 32E 1 B gt K ifn % 4k 124,
BARTI1-5P_EifiGlutl, HK2PL K LR i S BFA (lactate
dehydrogenase A, LDHA), miR-BART 1] |/ % % ¥%-
61k R i & (glucose-6-phosphate  dehydrogenase,
G6PD). IR H iih 1% it S (phosphoglycerate  Dehy-
drogenase, PHGDH). IDH2%%. i i 78 K B, PR

miR-
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RNA circRNF1345 & 22 SUMO2 MRNA, 8l
SUMOA/iZ ZL L HEGLUT1 M4 #; circRNF137ENPC
HRIE TR, SHGLUTIERZE, #EiTmTORMKEN
W G,

5 EBVE¥YEARRAM 5% AN

WRARE T ML FHEER, WMERIIARKR S K
fi#(argininosuccinate synthase, ASS) NG = IR & IR
PRI, KRR B ) O BB R 4 2
TR, FECLE AR 2, RS ER. RS R
i B Z BYjRe, BH T EB G RN, ERES—A
b & (nitric oxide, NO). Zf&. JREZFMWATHYIA. B
I (AR 2H 2 B0 S R EBV-LMP 1 BH 1 FRINPC 2 ifd v
WRAREZMAER ST ERET S, MARNETES
Ml REZ P, 53 A — A A B (inducible nitric
oxide synthase, INOS/NOS2) A B i 155, iNOSHHEAL
KA RRE NORI R =1 N IR & R G . EBV
TS STATS J5 4 5 BB INOS,  7E B AH ¢ (1) P8 ok
R KU FINO T 3 BUY fi 8 i 5 & W4 (8-nitro-gua-
nine), J& & IR IR DNAZAE 51202 Ak, FEEBVAH
KA SRR R i r] 0L 2 B Bt s, 2 e T1a
2 20 A K D R s B A ] 4 ) 2 35 AR
%[28].

D5 TR R R AR 7 AR H SR A S- i
fiii & /2 (S-adenosylmethionine, SAM), H T F#{k
DNA. RNA. fRUY)FI4H E H LAIK 32 WAL 151
FIR 2 BRIGAE SR Z g E ok, k5
Bl AR JE AR SR A AR AR B R B AR O K
4. SAMAK G DNAFI A 25 1 R Bk DA E B o] LA
TR T ITE R R R, AR e
JEAN A, EBVEETE 40 M rE AN A0 i B T
B FE A R A IR AT RWE L o fE. EBV/E 3T
Cp, LMPpLL &z BMRF 1pff i AL YTER, FIHEBV I
BT AR NSRS 7 72k, dEM {2 EBV BH A LR
I EEL 3 400t 36 38 B B A I B fE IR — i AR
R I S PR R R P R R R A R 4 O I A
[, #t—#, UHRFIAIDNMT L EBV i K] 25 i F 3k
1k, {8 L RE S 4k Rr s OR B R I b 38 B0 25 s S PO,
DRIt PRI R A G BRI N, FEAIC PR A 2 RG34 AT LLE A
EBVII 55 G2 e ARAS, {5 5 Ik 4L I e 4 gt o0 %

RGiRA, RABERITIE.

A B TR EB VIR G B2 ik F5 1) 22 AN (8] fUEAT
R, e T B3 b 7R A 7 AL R A ok
M — R AA YRR RBEeE, 8 TEBVE &
B3 E 40 M AR 4 B S R B B D g B, BF R
W, W ERASEBNA2FE MY C L 4 bL Ak — fik AL
AR g 7 FE S DU &R I &L 2 (methy lenetetrahydro-
folate dehydrogenase 2, MTHFD2)# ik, iX*}-FEBVIK
FIBAM A KAIEEE R R EE, 25 RS Ha ]
NEKLE—BREAACH SR AL RE &, EBVEGL B
22 5 IR %12 55 I SLC1A4(solute carrier family 1 mem-
ber 4)F1SLC1A5(solute carrier family 1 member 5)3FiA
K52 B, e ia KB 22 2 N, i 5T ks
R—iRIEAACH, RHEBVISE T L4102 &R
PIEE NN I3 il 1, IR AN 22 2 R T\ S HF 2
TR—BRARE, AR R R R TR IR A Y. X NI
RAGTT Bt O 20 98 1R B SR A — i AU 40 i 771 2
R

FRY], NPCAM % E IR R & &
T, NPCAHfid it fig D R B- 4tk (fatty acid B-oxida-
tion, FAO)SE N Z LR A A 1, A B2 41 v 25 1)
B, 0 AU R PR, R ),

6 EBVE &I

i =9 P e L = T 4 g = o L I 2 =
. IR AU B g R T e A O HE TR e AR
2P BRI R AR AR S
165, EEUEE S TEK. TS MR oA 5
IRy T R AR PO AR R . A ANy
i 1 o S AR SR (R e R P e, — T2 2 O
iR EoR, EBVIHEGCHRA SEBVIIEGCA R
JRigAE R, X SCFFEBVIER G 3 B0 40 i i A 1 4 AR
AR BT BBV OR B R 1 S5 7k EEL R b mT A 2
AR i 10 A QA DI R () e AR B, TSR fR R A
2RO 82w T A AEEB VAR S Ak B Y.

6.1 EBV ¥ iR 40 i B AR5
EBVFHEFIGCH LI, 2 BEEH A & i (acyl-

CoA synthetase short chain family members 1,

ACSS)H T AL i s Jim Y. 2Bk mlgA
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TG BB NTR IR AR, B WL & R (fatty  acid
synthase, FASN)TE [ 40 i 3 gl 8us, 3 =
P4 B AN AR B Ay 1 R ) 2 B 455 ONE, M Sk
A PR R P G LA S A P8 20 R 186 K (1 7 SR 0L
FLR I, EBVIE ARG B 0 oL A2 25 2 28 1 n
FASNf#ik. EBV-LMP1 L 1 (B3 o455 &
F1(sterol regulatory element-binding protein 1,
SREBP1) [ H: N it #UFRFASN ) 263441, 18 b2 i v fig
e . ELMPIFHVERBM Ay, 2 =57k
f2a(ubiquitin-specific peptidase 2a, USP2a)& 3 I 5,
WD FASNIZ AL AE i P M Fa e 3 2 (1 142,
miRNA-EBERs 5 NPC g H FASN 1 7 14 3 151 % )
FAEL, 5 —J7 1Hi, EBV R (1 B %) 5. 191 2% (A BRLF 1
(R0 1 S p38 A T FIMAPKAE 5 38 B 44 INFASN
RIIEACF, BLEAF 545 427K, FASNJEZEBVIE YL
51 I AR AR EE G 2 1R OB £ 22—, FASNHIHHIIF v]
REAH 2L PHIWTEBV R 2 ) it 8 . A R e gk

i 7 R 1) %% 38 B8 A SLC2 7 AGAE Ji 8 1) % A6 Ay
B T EEAG, G, SEIHCEE R R R,
A A H i = ER AR E R A, AR T 4ERENPC
YRR EBVIIH E A K e R
(very long chain fatty acid, VLCFA)# iz 5 HATP4: &
FDEFKJE L (ATP binding cassette subfamily D
member 1/2, ABCDI1/ABCD2)fIFik, MIiMiHIgs T
VLCFA I A%, 1 5 I VLCFAZEEB VAR % # 1 E
b R T S A L

JI 7 TR S HE4 J00 (1% i 241 3 5 £ i A 1 v SE AR
IEILGR. HE i A 4t P g D7 A 110 B 2 0 s, L5 Eh
Y = i R [ P 5 v e T T 2 R R B KA L, BAC
FH G o Z A R AN E 25 . KBARAK, IR B
N T DT A A7, IAE W R T A2 20 B
AR 32 R T LENPCH, BIF TN 52 2 B 4
T EBV IR 4 i v g i 1) 2 s T At 5 REB VI 48
Jfd, EBV-LMP2A i H i =g P4 % B (adipose trigly-
ceride lipase, ATGL)fJZIA, Hiil fig i3 B4 A, 1t 4 i
MR HERR, B SmA MK 2 R e 1, JRERRNPCIE 1)
ANRETE RS, JR A R 4ERE T NPCAI T
PEBU 308 g0 T I I FAO ] A 2R TFNPC T
JEMEPY. EBV-EBNA2 R WLISAL WS i 5k R T ATF4,
i SREBP1HIFASN ) 4% 5 1k 31 A 3 IR 7 A B DA 2
FAO, HMSERER IR ED A, FAOR/E

2292

HADHA A 5 M9k R 37 (A 77 bR, bk R 4 i 2
AP IIFAOPY, Sk, EBVIE LT & ¥4 fi5
R, AR IA K PR %7 LU FAO, A
EBVEUR A8 0 v R (1L e B S

LR EFAOM R BT, 15— RIMREIE R+
AR CIRAERA. BEJS, ZBECoAHE N =RIRIEI, I
AR ARER, T 7= A2 ATP AN Ji 28 A8 1 fre Jit
WS K T IR (NADPH), A40 4R AL ag &AL i
F3. LT ZRL AR AN T R IR B R % 42 8% 1 (carnitine
palmitoyl transferase 1, CPT1);2FAO%E — NI B R
By, MEACKEEBERE S B R A B N, TENPCZH 2
o, CPTIARImRIES B3 B AL AR 405 2 DI,
HNPCHEH MIMIECPTIAK - E &, EBV-LMPI
RES 1 I NF-«BIBES ORS00, T 4R, TENPC
h, S FNF-xBHIP65 W I 5 CPTIAJE 31 X 45 )
SELRE IR, T EIECPTIAR K. HIHINF-
KBAS 53 i AT W %% B CPT 1 ATE 26 KA (1) 2635 58 A Rk
Ao DL A B P i S T R o A R AR A, AT 1 B
EBV-LMP /£ 58 NPCH CPT1A %A LA K FAO ) %
%%[33]'

6.2 EBVE R IR 5L A AR

TEMR A SR, AN R 20 i S 3 T R At ) £ AN
[FI RS TR, an, 48 E i e 40 B e T4 A5 T g A
FAOfE N EE R fe kIR, Forp— AR PE g B
HEBVIER YL S TR IE KB A bk 0. R Gt
EBV [H 4 (NP CHH i . 25 5 28 . Joeg fe e A 55 1 e
7. EBVIEGLFINPCHH L H CD 705 F J& 31 X G4 )i
AT R MG 5, 455 S BT NFK B2/ S CD70 ) #% 5%
Fik LA, CD70i@ I 5CD27EHAE, 51T HETA R
IR e, 3 — P A e H A H D Re, S E8UHE
oy pkiEE.  HHICD70R)FRIA A 1T T
e I, IR RERESRCDS” TR 1 BE 110

B R IR e e e L IRTER AL, = S IR A . I
PR b, NPCA2 28 (1) 42 5 46 [m) T AR 7 4L 2R AT B, EBVAH
% Rk B2 17 98 #E 9% (lymphoepithelioma-like - carcino-
ma, LELOW A KAE AR 2P, B FRuEsk, Mg
AH < g 7 41 B (cancer-associated adipocytes, CAA) R A
e £ AR 78 2 B IR W R AL e 4 E R 0L EBV
TR i 10 20 I ) 55 T O 4 PR P 5 04, R Bk e A
R R A 41 L )RR AE VE 1) 7 FAR E YIS 100A4 5 Y
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FIEM L, MR RCE R S R . i
4k, TRGEEBV [ B 4 A AR IR (1 4 F G 5,
(o> A R AR B 0, IR 07 400 MR T3S 22 1 U 25 1
RRANH M, LR AR TE SRR 7, DR AR ) R
A ANIE FE SR OG5 1) BE R R UK. NPCEE X Hh A L il
IR R R O (B AN TR [ — AR S0,

6.3 EBVEGL 20 I AR AR 4

TE 2 RS EBV IR 4% e 1 FURZ 20 i 48 22 i 58 2 Ak
JE W55 0 -y = I R0 AE [ R AL AL B, IR R
DUAN H J i S br nl = 1558, it g fr) 189 s th 2 b
JRAERNBE AR R, — IR T E AR B st
A 2R RS R AN T A B 1) i B PR AT e e 2o, 7E
SK SIS SRR B 2 AT 10~304F (8], My Hh s BH B . H
M= BIREOA- TR, s EREAN

F 1 EBVZ 4k 15 L4 AL

Table 1 EBV multidimensional remodelling of host cell metabolism

[ s H Il = T R I AL T i A S R
(BT M OV IR ) PR 9 A TEAR . 20 7T
HEdton, MAEARICH) S Sk S0 8 s KU 52 4
BRSO S — T A R T NPC B 5 f
Xt B S AR SR LB R, RIIB-FREE TR il
SRR WEINE. WRKMER . REARER. AEAEDUIGRRFIRR
REIRR B A& 7R A ™ M) & B AE P2 1) DL 25 22 5,
SR 1AM L IR A KT 5 NPCHE fe 2 [A] AT REA7AE
IR E. 30— Tk I e R i3k BT e o, S
S HTNPCIRE AR 2% . EBV LA K I R 3K B 2 R AIE,
RIINPC 83 5 S I8 2 18] ) i o 0 25 A A7 AE B
ZE5t, PRI BT BE R NPCIZ WAH G BT AR £ 4
NPC & I 238 5 bk EL A B M b 2% e 78
R VIR, S ot e R vh, g B EHAF A2

ENAEL, I RS 5 R I R R R 5 )

EBV Ahy AR gAY AW RN
DRP1 PHI 7 JlizEEii A
HK2 WHIE A7 RITHEAT
GLUTI WHIE A7 g E
ANTI Ae A NI ST
LMPI1 FH TCA BB
IDH2 TCA T
TETI TCA i BRI AL
ASS K AR HATH
FASN Ji B AR B T
LMP2A ATGL g s A it e
IDO1 NADM LA & 1k B 5 5 1k
EBNA2 MTHFD2 — B B s 5H
FASN JE IR A i RIS T
BRLFI FASN A R AC o BRI AL,
miR-BRAT1 éﬁgﬁ W 2 i BiiKER A
GLUTI
miR-BRATI-5p HK2 W1 i R/ b
LDHA
miR-BART4 PTEN AR T U
EBERs FASN AR AC g E
i R A gt S BRI AL
AR BBV T oo Hal Mf”{ l%m%
SLO1AS —HRACE HH A
CYLD W2 T HL

2293



WSS EBVI/EGL 5 C5 E 8 1w 7Tk

AR FC R, I o A 5 i 240 T R 25k
A 0. A B P 7 R e R R A A e ok
VA, ARk B AR, IR TR T 4N
MBI TRAR G B S N, AT ) B e 2 5 5 M0 25
(I BhAb, EATEIRBIHESARS-Co V-2 4
MR R0 %, g AT LIS 2 2 52 A0 413 1) ik
OO SRTR, B H A, JRITXTEBVIESRAS (K 1F i
RARGNEIWT T, G P RR.

7 BEHRY

ARG T I REBV A SRR HhAC S T 5T
MFZE R, 48R T EBVIlid g i Ok s R 4 1 DA
L ARG miRNA B8 15 LA AR g1 (R ), B4
B AEEACH . RN, BRI, TR

PRI A4, X 53— 77 T i 2 B A1 8 4
IAEAE TR, R (et s (M A A A R, SR, H Al
AN IR LR ML LEAS R SR A EB VAR O iR Hh
B RAME, LRI TLAT ey 52 i fi g8 ) G
FEWABEATR ST SRE. AL, SRR TR T R AT
EBV/E G 51 LAV E B 2 A Rk T HLH], DL
XEEHLHEA R EBV AR s L e Z 2 . Kk
BLILE AW bR EVAEEBV A K MIE (i 2 W, e
R, #E PR A A 5 A A A S
BRI, [F, Zmsa A HRsT T, <k
EB VG e S B A BE o, AR X s 4
T SARU AR ELAR T, S R g P sk R A
MiE. REARBEE R R aHREL. ET
EBV 5 B & etk pommt L ik g, NojnsRfEEBV
FHRI B 5 e P A QUHE 7.

S5 3k

10

11

13

Xie L, Shi F, Li Y, et al. Drpl-dependent remodeling of mitochondrial morphology triggered by EBV-LMP1 increases cisplatin resistance. Sig
Transduct Target Ther, 2020, 5: 56

Zhao L, Deng X, Li Y, et al. Conformational change of adenine nucleotide translocase-1 mediates cisplatin resistance induced by EBV-LMP1.
EMBO Mol Med, 2021, 13: ¢14072

Miiller-Durovic B, Jager J, Engelmann C, et al. A metabolic dependency of EBV can be targeted to hinder B cell transformation. Science, 2024,
385: eadk4898

Cerimele F, Battle T, Lynch R, et al. Reactive oxygen signaling and MAPK activation distinguish Epstein-Barr Virus (EBV)-positive versus
EBV-negative Burkitt’s lymphoma. Proc Natl Acad Sci USA, 2005, 102: 175-179

Gruhne B, Sompallae R, Marescotti D, et al. The Epstein-Barr virus nuclear antigen-1 promotes genomic instability via induction of reactive
oxygen species. Proc Natl Acad Sci USA, 2009, 106: 2313-2318

Hu J, Li Y, Li H, et al. Targeting Epstein-Barr virus oncoprotein LMP1-mediated high oxidative stress suppresses EBV lytic reactivation and
sensitizes tumors to radiation therapy. Theranostics, 2020, 10: 11921-11937

Yuan L, Li S, Chen Q, et al. EBV infection-induced GPX4 promotes chemoresistance and tumor progression in nasopharyngeal carcinoma. Cell
Death Differ, 2022, 29: 1513-1527

Xiao L, Hu Z, Dong X, et al. Targeting Epstein-Barr virus oncoprotein LMP1-mediated glycolysis sensitizes nasopharyngeal carcinoma to
radiation therapy. Oncogene, 2014, 33: 45684578

Sommermann T G, O’Neill K, Plas D R, et al. IKKf and NF-kB transcription govern lymphoma cell survival through AKT-induced plasma
membrane trafficking of GLUT1. Cancer Res, 2011, 71: 7291-7300

Zhang J, Jia L, Lin W, et al. Epstein-Barr virus-encoded latent membrane protein 1 upregulates glucose transporter 1 transcription via the
mTORC1/NF-kB signaling pathways. J Virol, 2017, 91: ¢02168-16

Bartrons R, Rodriguez-Garcia A, Simon-Molas H, et al. The potential utility of PFKFB3 as a therapeutic target. Expert Opin Therapeutic Targets,
2018, 22: 659674

Wang L, Lin Y, Zhou X, et al. CYLD deficiency enhances metabolic reprogramming and tumor progression in nasopharyngeal carcinoma via
PFKFB3. Cancer Lett, 2022, 532: 215586

LiY, Shi F, Hu J, et al. Stabilization of p18 by deubiquitylase CYLD is pivotal for cell cycle progression and viral replication. npj Precis Onc,
2021, 5: 14

2294


https://doi.org/10.1038/s41392-020-0151-9
https://doi.org/10.1038/s41392-020-0151-9
https://doi.org/10.15252/emmm.202114072
https://doi.org/10.1126/science.adk4898
https://doi.org/10.1073/pnas.0408381102
https://doi.org/10.1073/pnas.0810619106
https://doi.org/10.7150/thno.46006
https://doi.org/10.1038/s41418-022-00939-8
https://doi.org/10.1038/s41418-022-00939-8
https://doi.org/10.1038/onc.2014.32
https://doi.org/10.1158/0008-5472.CAN-11-1715
https://doi.org/10.1080/14728222.2018.1498082
https://doi.org/10.1016/j.canlet.2022.215586
https://doi.org/10.1038/s41698-021-00153-8

RERE: ARl 2024 4 BS54 B 12M

14

20

21

22

23

24

25

26

27

28

29

30

31
32

33

34

35

36

37

38

39

Xu M, Yao Y, Chen H, et al. Genome sequencing analysis identifies Epstein-Barr virus subtypes associated with high risk of nasopharyngeal
carcinoma. Nat Genet, 2019, 51: 1131-1136

Luo X, Hong L, Cheng C, et al. DNMT1 mediates metabolic reprogramming induced by Epstein-Barr virus latent membrane protein 1 and
reversed by grifolin in nasopharyngeal carcinoma. Cell Death Dis, 2018, 9: 619

Wang L, Wu Y, Li Z, et al. Design and synthesis of water-soluble grifolin prodrugs for DNA methyltransferase 1 (DNMT1) down-regulation.
RSC Adv, 2021, 11: 38907-38914

Shi F, Shang L, Zhou M, et al. Epstein-Barr virus-driven metabolic alterations contribute to the viral lytic reactivation and tumor progression in
nasopharyngeal carcinoma. J Med Virol, 2024, 96: €29634

Shi F, Zhou M, Shang L, et al. EBV(LMP1)-induced metabolic reprogramming inhibits necroptosis through the hypermethylation of the RIP3
promoter. Theranostics, 2019, 9: 2424-2438

He X, Yan B, Liu S, et al. Chromatin remodeling factor LSH drives cancer progression by suppressing the activity of fumarate hydratase. Cancer
Res, 2016, 76: 57435755

Shi F, He Y, Li J, et al. Wild-type IDH2 contributes to Epstein-Barr virus-dependent metabolic alterations and tumorigenesis. Mol Metab, 2020,
36: 100966

Wu Q, Han T, Sheng X, et al. Downregulation of EB virus miR-BART4 inhibits proliferation and aggressiveness while promoting radiosensitivity
of nasopharyngeal carcinoma. Biomed Pharmacother, 2018, 108: 741-751

Cai L, Ye Y, Jiang Q, et al. Epstein-Barr virus-encoded microRNA BART1 induces tumour metastasis by regulating PTEN-dependent pathways
in nasopharyngeal carcinoma. Nat Commun, 2015, 6: 7353

Liu Y, Jiang Q, Liu X, et al. Cinobufotalin powerfully reversed EBV-miR-BART22-induced cisplatin resistance via stimulating MAP2K4 to
antagonize non-muscle myosin heavy chain IIA/glycogen synthase 3B/B-catenin signaling pathway. EBioMedicine, 2019, 48: 386404

Lyu X, Wang J, Guo X, et al. EBV-miR-BART1-5P activates AMPK/mTOR/HIF1 pathway via a PTEN independent manner to promote
glycolysis and angiogenesis in nasopharyngeal carcinoma. PLoS Pathog, 2018, 14: e1007484

Mo Y, Wang Y, Zhang S, et al. Circular RNA circRNF13 inhibits proliferation and metastasis of nasopharyngeal carcinoma via SUMO2. Mol
Cancer, 2021, 20: 112

Firpo M R, Mounce B C. Diverse functions of polyamines in virus infection. Biomolecules, 2020, 10: 628

Billing U, Jetka T, Nortmann L, et al. Robustness and information transfer within IL-6-induced JAK/STAT signalling. Commun Biol, 2019, 2: 27
Shi M, Gan Y, Davis T O, et al. Downregulation of the polyamine regulator spermidine/spermine N1-acetyltransferase by Epstein-Barr virus in a
Burkitt’s lymphoma cell line. Virus Res, 2013, 177: 11-21

Guo R, Zhang Y, Teng M, et al. DNA methylation enzymes and PRC1 restrict B-cell Epstein-Barr virus oncoprotein expression. Nat Microbiol,
2020, 5: 1051-1063

Guo R, Liang J H, Zhang Y, et al. Methionine metabolism controls the B cell EBV epigenome and viral latency. Cell Metab, 2022, 34: 1280—
1297.¢9

Baratta M G. Virus-mediated hijack of one-carbon metabolism. Nat Rev Cancer, 2019, 19: 486

Wang L W, Shen H, Nobre L, et al. Epstein-Barr-virus-induced one-carbon metabolism drives B cell transformation. Cell Metab, 2019, 30: 539—
555.ell

Tang M, Dong X, Xiao L, et al. CPT1A-mediated fatty acid oxidation promotes cell proliferation via nucleoside metabolism in nasopharyngeal
carcinoma. Cell Death Dis, 2022, 13: 331

Currie E, Schulze A, Zechner R, et al. Cellular fatty acid metabolism and cancer. Cell Metab, 2013, 18: 153-161

Lim S A, Su W, Chapman N M, et al. Lipid metabolism in T cell signaling and function. Nat Chem Biol, 2022, 18: 470481

Martin-Perez M, Urdiroz-Urricelqui U, Bigas C, et al. The role of lipids in cancer progression and metastasis. Cell Metab, 2022, 34: 1675-1699
Yoon S J, Kim J Y, Long N P, et al. Comprehensive multi-omics analysis reveals aberrant metabolism of Epstein-Barr-virus-associated gastric
carcinoma. Cells, 2019, 8: 1220

Ambrosio M R, Piccaluga P P, Ponzoni M, et al. The alteration of lipid metabolism in Burkitt lymphoma identifies a novel marker: adipophilin.
PLoS One, 2012, 7: e44315

Liang Q, Yao X, Tang S, et al. Integrative identification of Epstein-Barr virus-associated mutations and epigenetic alterations in gastric cancer.
Gastroenterology, 2014, 147: 1350-1362.e4

2295


https://doi.org/10.1038/s41588-019-0436-5
https://doi.org/10.1038/s41419-018-0662-2
https://doi.org/10.1039/D1RA06648J
https://doi.org/10.1002/jmv.29634
https://doi.org/10.7150/thno.30941
https://doi.org/10.1158/0008-5472.CAN-16-0268
https://doi.org/10.1158/0008-5472.CAN-16-0268
https://doi.org/10.1016/j.molmet.2020.02.009
https://doi.org/10.1016/j.biopha.2018.08.146
https://doi.org/10.1038/ncomms8353
https://doi.org/10.1016/j.ebiom.2019.08.040
https://doi.org/10.1186/s12943-021-01409-4
https://doi.org/10.1186/s12943-021-01409-4
https://doi.org/10.3390/biom10040628
https://doi.org/10.1038/s42003-018-0259-4
https://doi.org/10.1016/j.virusres.2013.07.004
https://doi.org/10.1038/s41564-020-0724-y
https://doi.org/10.1016/j.cmet.2022.08.008
https://doi.org/10.1038/s41568-019-0190-0
https://doi.org/10.1016/j.cmet.2019.06.003
https://doi.org/10.1038/s41419-022-04730-y
https://doi.org/10.1016/j.cmet.2013.05.017
https://doi.org/10.1038/s41589-022-01017-3
https://doi.org/10.1016/j.cmet.2022.09.023
https://doi.org/10.3390/cells8101220
https://doi.org/10.1371/journal.pone.0044315
https://doi.org/10.1053/j.gastro.2014.08.036

A EBVIER AL 5 A H B i Ut

40

41

4

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

GulL, Zhu 'Y, Lin X, et al. Stabilization of FASN by ACAT1-mediated GNPAT acetylation promotes lipid metabolism and hepatocarcinogenesis.
Oncogene, 2020, 39: 2437-2449

Lo AK, Lung R W, Dawson C W, et al. Activation of sterol regulatory element-binding protein 1 (SREBP1)-mediated lipogenesis by the Epstein-
Barr virus-encoded latent membrane protein 1 (LMP1) promotes cell proliferation and progression of nasopharyngeal carcinoma. J Pathol, 2018,
246: 180-190

Hulse M, Johnson S M, Boyle S, et al. Epstein-Barr virus-encoded latent membrane protein 1 and B-cell growth transformation induce
lipogenesis through fatty acid synthase. J Virol, 2021, 95: e01857-20

Daker M, Bhuvanendran S, Ahmad M, et al. Deregulation of lipid metabolism pathway genes in nasopharyngeal carcinoma cells. Mol Med Rep,
2013, 7: 731-741

Li Y, Webster-Cyriaque J, Tomlinson C C, et al. Fatty acid synthase expression is induced by the Epstein-Barr virus immediate-early protein
BRLF1 and is required for lytic viral gene expression. J Virol, 2004, 78: 4197-4206

Zhong X, Yang Y, Li B, et al. Downregulation of SLC27A6 by DNA hypermethylation promotes proliferation but suppresses metastasis of
nasopharyngeal carcinoma through modulating lipid metabolism. Front Oncol, 2021, 11: 780410

Weinhofer I, Buda A, Kunze M, et al. Peroxisomal very long-chain fatty acid transport is targeted by herpesviruses and the antiviral host
response. Commun Biol, 2022, 5: 944

Welte M A, Gould A P. Lipid droplet functions beyond energy storage. Biochim Biophys Acta, 2017, 1862: 12601272

Jarc E, Petan T. Lipid droplets and the management of cellular stress. Yale J Biol Med, 2019, 92: 435-452

Zheng S, Matskova L, Zhou X, et al. Downregulation of adipose triglyceride lipase by EB viral-encoded LMP2A links lipid accumulation to
increased migration in nasopharyngeal carcinoma. Mol Oncol, 2020, 14: 3234-3252

Zhou X, Wei J, Chen F, et al. Epigenetic downregulation of the ISG15-conjugating enzyme UbcH8 impairs lipolysis and correlates with poor
prognosis in nasopharyngeal carcinoma. Oncotarget, 2015, 6: 4107741091

Zhang P, He Q, Wang Y, et al. Protein C receptor maintains cancer stem cell properties via activating lipid synthesis in nasopharyngeal
carcinoma. Sig Transduct Target Ther, 2022, 7: 46

Tan Z, Xiao L, Tang M, et al. Targeting CPT1A-mediated fatty acid oxidation sensitizes nasopharyngeal carcinoma to radiation therapy.
Theranostics, 2018, 8: 2329-2347

Feng J, Zhang P, Yao P, et al. EBNA2 mediates lipid metabolism and tumorigenesis through activation of ATF4 pathway. Am J Cancer Res, 2023,
13: 1363-1376

Yamamoto K, Abe S, Honda A, et al. Fatty acid beta oxidation enzyme HADHA is a novel potential therapeutic target in malignant lymphoma.
Lab Invest, 2020, 100: 353-362

Gong L, Luo J, Zhang Y, et al. Nasopharyngeal carcinoma cells promote regulatory T cell development and suppressive activity via CD70-CD27
interaction. Nat Commun, 2023, 14: 1912

Park E J, Lee J H, Yu G Y, et al. Dietary and genetic obesity promote liver inflammation and tumorigenesis by enhancing IL-6 and TNF
expression. Cell, 2010, 140: 197-208

Liu S C, Tsang N M, Lee P J, et al. Epstein-Barr virus induces adipocyte dedifferentiation to modulate the tumor microenvironment. Cancer Res,
2021, 81: 3283-3294

Apostolou F, Gazi I F, Lagos K, et al. Acute infection with Epstein-Barr virus is associated with atherogenic lipid changes. Atherosclerosis, 2010,
212: 607-613

Xiao X, Huang Y, Sadeghi F, et al. Carbohydrate, lipid, and apolipoprotein biomarkers in blood and risk of thyroid cancer: findings from the
AMORIS cohort. Cancers, 2023, 15: 520

Huang Y, Xiao X, Sadeghi F, et al. Blood metabolic biomarkers and the risk of head and neck cancer: an epidemiological study in the Swedish
AMORIS Cohort. Cancer Lett, 2023, 557: 216091

YiL, Song C, Hu Z, et al. A metabolic discrimination model for nasopharyngeal carcinoma and its potential role in the therapeutic evaluation of
radiotherapy. Metabolomics, 2014, 10: 697-708

Huang Y, Liang J, Hu W, et al. Integration profiling between plasma lipidomics, Epstein-Barr virus and clinical phenomes in nasopharyngeal
carcinoma patients. Front Microbiol, 2022, 13: 919496

Zadoorian A, Du X, Yang H. Lipid droplet biogenesis and functions in health and disease. Nat Rev Endocrinol, 2023, 19: 443-459

2296


https://doi.org/10.1038/s41388-020-1156-0
https://doi.org/10.1002/path.5130
https://doi.org/10.3892/mmr.2012.1253
https://doi.org/10.1128/JVI.78.8.4197-4206.2004
https://doi.org/10.3389/fonc.2021.780410
https://doi.org/10.1038/s42003-022-03867-y
https://doi.org/10.1016/j.bbalip.2017.07.006
https://doi.org/10.1002/1878-0261.12824
https://doi.org/10.18632/oncotarget.6218
https://doi.org/10.1038/s41392-021-00866-z
https://doi.org/10.7150/thno.21451
https://doi.org/10.1038/s41374-019-0318-6
https://doi.org/10.1038/s41467-023-37614-6
https://doi.org/10.1016/j.cell.2009.12.052
https://doi.org/10.1158/0008-5472.CAN-20-3121
https://doi.org/10.1016/j.atherosclerosis.2010.06.006
https://doi.org/10.3390/cancers15020520
https://doi.org/10.1016/j.canlet.2023.216091
https://doi.org/10.1007/s11306-013-0606-x
https://doi.org/10.3389/fmicb.2022.919496
https://doi.org/10.1038/s41574-023-00845-0

RERE: ARl 2024 4 BS54 B 12M

64 Laufman O, Perrino J, Andino R. Viral generated inter-organelle contacts redirect lipid flux for genome replication. Cell, 2019, 178: 275-289.e16

65 Monson E A, Crosse K M, Duan M, et al. Intracellular lipid droplet accumulation occurs early following viral infection and is required for an
efficient interferon response. Nat Commun, 2021, 12: 4303

66 Ricciardi S, Guarino A M, Giaquinto L, et al. The role of NSP6 in the biogenesis of the SARS-CoV-2 replication organelle. Nature, 2022, 606:
761-768

Research progress on EBV infection and metabolic remodeling

CAO Ya' & ZHANG Zhe?

1 Key Laboratory of Carcinogenesis and Cancer Invasion, Chinese Ministry of Education, Cancer Research Institute of Central South University,
Changsha 410078, China;
2 Key Laboratory of Early Prevention and Treatment for Regional High Frequency Tumor, Ministry of Education,
The First Affiliated Hospital of Guangxi Medical University, Nanning 530021, China

Metabolic alterations driven by viral infection are an important mechanism for viral carcinogenesis. Due to the lack of a complete
enzyme system, viruses must rely on the metabolic machinery of host cells. In the long process of evolution, oncogenic viruses
change the metabolic pattern of host cells through their own encoded products, which is conducive to the survival of the virus, while
meeting the metabolic needs of tumor cells and playing multiple biological effects. Therefore, exploring how viruses affect host cell
metabolic pathways in viral infection-related tumors, elucidating the characteristics and mechanisms of metabolic remodeling, and
revealing the clinical significance of such metabolic changes will enrich our understanding of viruses and carcinogenesis from a novel
perspective, and provide enlightenment for the development of new targeting strategies.
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