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macrophage colony stimulating factor, GM-CSF) %
TSR Y 1| B 4l Zi 7 (herpes simplex virus-1,
HSV-1) T-Vec T 2015 4F 4845 3¢ [ £ i 25 i i B4
HiJ5) (Food and Drug Administration, FDA) HtifE,
TR B O R . ORI L L 1Y
—A ERR RS T

AT T 166 PRAFE G 00 15 96 9 5 53 Sy i 2
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WA T (K1), EL7EmEK =11
PRI TIEAL S ], T-Vec 244, IX-594. W79
1.7 7Y 3-Dearing . TNFerade 45 1 4,
1.1 T-vec

T-Vec J& LA HSV-1/JS-1 9% B Ak A BEHL, i bk
ICP34.5 FICP47, FLAEME4NMLG 2hF CMV., A
5 GM-CSF 24 ICP34.5 )74, ICP34.5 LA FR Ay i
ZEER T, BERERHLWT TR AT A 2 5
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KR ICPA7 #ie [ REAE HEMLIRI S i 2. TRl R T
iE— 20 B SR BE I SRS RN, TESSZE A HS V-1
Hifi A GM-CSF, X & Z7E I R S50 7 ) R4

E@Eﬁ% [10-13] .
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JEPE N BT IX-594 I AR B H FIRYT R A
L OPE . EsE. AKRE SN, kg
EnFR Y IX594 (109 PFU) HEW% 5 8 18 K i 5
E e RRIVAG oy cai i |1 AN
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FEET Y X AR g . BLAR TNF-o LIRS0 B B
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{18 Jr s it 2% o8 A5 B LT A 4

SR E, H A I PR T/ 9 B 95 988 9 75 20
TORME FE N =2 a Fak MR SC SRR BT
Ji, U1P53, MAGEA3. PSA. rV-NY-ESO-1 %%,
PR A SR AE N PE e s b, FIRRENS IS
PURGE AR 7289 5, anIL-12, IL2, GM-
CSF. CD40L. TNF-aZ2#; c. J& T 95 5 &K 58 10 2
T, DASESRIARI T e R S B . B
HIBE 1. G0 Delta-24-RGD . HSV-1 I G207 L4
K575 y34.5 FIICP6 45,
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Table 1 Some oncolytic viruses that completed clinical trials of stage II/III
F1 #HER KRV NS ERS
FRTEHE Y FER &1 RRIEMS  AH T e 2470 I PR ARy 7
RE
JlR 2 AIL-12 NCT01703754 NS FLARRE il Palifosfamide
(adenovirus) P53 NCT00082641 DCEEW  FLME i %5
NCT00049218 DCEEW il 1l Carboplati. Etoposide
NCT01042535 DCEEW  FLIw 1 1-methyl-d-tryptophan
HSV-TK NCT00870181 NS BBUR 1 (ag
NCT02202564 JENTES P 1l ganciclovir
NCT00589875  JRMVES MFME 1 Valacyclovir
CD40L NCT00891748 JENTESS RO 1 i
Delta-24-RGD NCT02798406 JENTESS  RBE il Pembrolizumab
(anti PD-1)
TNF-a NCT00051480  JRVES Bk 1 5-FU. Cisplatin. 07
NCT00051467 JENTESS Pl 11 5-FU. U7
NCT00261404  JEPMESS HEHRM il BT
NCT00137878 JEWNTES  ElE I Capecitabine. AT
NCT00496535 JEWNTESS kB 1 5-FU. HU. U7
HSV-1 G207: @if%y34.5; ICP6IIATA  NCT00028158 NS MARTUR. B 1 i
REgEfR . R
JRIR
HF10: UL56%IAH NCT03153085 JENTES R EH 1 Ipilimumab
NCT02272855 IR AR (anti-CTLA-4)
GM-CSF NCTO01368276 JENTES A EE il =
NCT00769704  JR N5
S GM-CSF NCT02562755  JAEST i 11 Sorafenib
(vaccinia NCTO01171651 J& PSR 1
virus) NCT00554372 J&E AR
NCT00429312 RIS BERE I i
NCTO01394939 KIS 4 | Irinotecan
rV-NY-ESO-1 NCT00112957  J¢ R HabpeE . 11 i
L
JUE R s
Human papillomavirus 16 E7 peptide =~ NCT00002916 FeRiEg B II i
MUCI; IL-2 NCT02823990 FRIKTESS /N s 1 Nivolumab (anti PD-1)
Pk G B2l R (tyrosinase antigen) ~ NCTO00019734  J8 Y4 o - Lo
NCT00054535 J& AR
SR 47" (PSA antigen) NCT00045227 SR NTEST A e Il Docetaxel
I A 5 * NCT01280058  #lkiLg BelvE
(reovirus) NCT00861627 FICE ST /I s 1l Carboplatin. Paclitaxel
NCT00753038 FKIES Sk
NCT01166542 FKTES Sk 111 Carboplatin. Paclitaxel+
Carboplatin. Paclitaxel
JRIZ T NIS NCT02192775 keSS 2RV B 1l Cyclophosphamide
(measles virus) NCT00450814 BRI SR
Ly s MAGEA3TJ5 NCT02879760 FkE AN A il Pembrolizumab

(Maraba virus)

(anti PD-1)
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Ji &M N2 H 40 g (primary human leukocyte,
PHLs) W#EH, CD29 MICDIS fEAEAE a4, X
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il o E3 DX Il e B 78 4 A v 52 AN AT /D 2
F, A SCHRIE BT T i 0, E3 X 2 i)
(4 RIDa 4% -5 I [ B2 25 5 8 H ORPIL AHE A FH Ay
SR B ) AR R, R — A X T NPCT Y
REFEAH BB AR, P RESZ IR T8 32 X7 Bbos 7 vy 22
BB A . iR 7 (newcastle disease
virus, NDV) J#&J% DF-1 4014 5 1 Jig i 26 i 5L A
I, Ml RIE ATP 456 &5 1 AL, ek
JHED PR i 25 O R s s 2R AR A AT, 4 T NDV Y%
YeRE ), 3K — PG ] DL A [E] R R e A Y
[FIRE, Wudiri & 0 & 3020 PR 1R (36 e %) 31 8 B0 5
T HSV-1 R il
22 BAEFESHNEHIRTE BB EKE

SIEE AR R, ihes 200 A 3= 22 LA 480
IiEf# (warburg effect) M7 \HRHERES, AW
FL4 OGRS (hexokinase, HK) . MR Wi
(phosphofructokinase, PFK) . [N [ R ¥ M
(pyruvate kinase, PK) . PN i g i & /i 334 A
(pyruvate dehydrogenase kinase, PDK) FilZF| i i
Z( % (lactate dehydrogenase, LDH) 25911k,
A ELER o R AR B ) T AR
96 240 B A= ) K BB RIAR B L T
18 52 ) 5 2 1 BT R T 1 2 A B it Y Sk
BRI, 78 =240 R SRk 5 R B I AR
e BBAH

YT HEIEAR T IR A B AR, R RERY
SHIRE 10T 518 EMERER AR DI DG . BRI
—SERTEZ AR R TR RIESE . B, B EE
JRRYLHER T E AR AR KT, ML A B
E4ORF1 5 MYC IS5, 458 1T MY C AR Ak
PRI, 1 MR e ) S s gk — 22 i T
BRI 2 B HSV-1 9% 57 BRI N T 40 i vp
T iR S BH 3 i 1 (phosphofructokinase-1, PFK-1)
IR 1, TN R AN BRI A rh, R
P B A S8 G S T 9 B R B U (pyruvate
dehydrogenase, PDH) {iftk, i 40 A SO i
o2 AL . oA = & 2 MR 4 (sodium
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PDK 1 3458 PDH i 1% 1, R T eEny sy . %9
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S, SERRAILAR AR fagse 1 T A B T i
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WA SCHRFR B0 i B R vT DA SR I s
B0 PR RN, Gn B A 2- i AR -D- i ) b
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8 2-DG-P, ANBERH AR 7 49 b S A g ik — 2D AR
R AR, PTLASE m AR R e il ae )y, if
T 384 5 0 25 AT R RN, 7o R HK #4671 D-H
2 PEHE G e Pk b5 CORRIESS Ak BT 75
Wi BERR k) . 2-DG 16 NDV #1153 3] 7 25
ghip e
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ER A 157K F

PRI R . IR T O E 3 R A
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YER I A0 i B ZE R Re ok R, WA o —
2 (a-ketoglutaric acid, oKG), 1ER =&ML 1E
A, S54RSS FE . B A
B, AT TR, e 20 RO T AR
IHAERAG AR = R B — e R
S5 AL, ERAORE T A e e Gt 2
HEY RS FIEG . B, VSV G i 4
M b A e e ARG 5, (R HE T VSV RYE I,
P01 32 00 A 2 mE R AR, e Y R 3 R
IR [RIRE, R a0 A2 il AR T 7% 2 e R AR
W, FEICR AWML ASA9 A, ey 3L A
H AR AT S ], SRR A AT 2ok 7S i A
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i — K % AT (nucleoside) FIMERR, 1 X
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PR AR Y S 2H AN 7] 53 A WEERA A TR N W NE A 1 TR
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TSR A U R, AR AR 3 R R G
WA KPR IR A 3E & o 4
fiEARs o o G A s Sk A BRI RS R
Fhigsdt . SHIEH AMANEI0YSE, bR 20 b 7
JIr s B W EAZ T R A AN RGE AR 32, TK &%
WA PR, R, HSV A TK DRer s, fi#
P 7 BB E I8 40 e Fh R S R

Boviatsis % " W58 £ B, HSV S 5EmRR
AR B AN TK AN AZ AR A% R 8 R i (RNA reductase,
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Fig. 1 Interaction of oncolytic virus and cell metabolism
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Abstract Oncolytic viruses are a class of viruses that are naturally or genetically engineered to replicate
specifically in tumor cells and exert anti-tumor effects. The anti-tumor effect of oncolytic virus is mainly achieved
through the following two aspects: (1) direct oncolytic effect, such as inducing apoptosis of tumor cells and
promoting cell lysis; (2) as a drug that activates immunity, oncolytic viruses induce the body to produce strong
anti-tumor immunity and achieve the purpose of clearing tumors. As an important branch of immunotherapy,
oncolytic viral therapy has become a research hotspot in this field due to its tumor specificity and convenient
genetic modification. Until now, only four products have been approved for marketing, despite more than 100
cases of oncolytic viral therapies in the recruitment and completion stages of clinical trials. There continue to be
many challenges in the application of oncolytic therapy in oncology treatment. Therefore, a systematic review of
oncolytic virus modification strategies and an in-depth understanding of the biological processes of oncolytic
viruses are all the more necessary. Viruses are host-dependent in their replication and proliferation processes, and
their biological processes are closely related to the metabolic state of the host. The hallmark feature of tumors is
metabolic reprogramming, the process by which tumor cells reconsider their metabolic networks to meet the
demands of exponential growth and proliferation and to prevent oxidative stress. This typically includes enhanced
glycolysis and glutaminolysis, as well as changes in mitochondrial function and redox homeostasis. The
replication of oncolytic viruses requires the synthesis of biological macromolecules, such as amino acids, lipids,
nucleotides, etc. Viruses themselves do not encode relevant enzymes, so they often need to use the metabolic
pathways of their host cells to synthesize the substances they need. Enhancing the replication and oncolytic ability
of oncolytic viruses by targeting host metabolic reprogramming is a promising direction. It has been shown that
lipid metabolism and intermediates are one of the ways in which viruses engage in dialogue with their hosts, and
lipid rafts are essential components for oncolytic viruses to perform their infection and replication functions.
Cholesterol depletion in host cells has shown conflicting results, presumably related to the type of virus. For
example, the dependence of envelope and non-envelope viruses on lipid synthesis may differ, although this needs
more literature support. The idea that enhanced glycolytic levels in host cells promote the infection, replication,
and anti-tumor effects of oncolytic viruses is equally controversial. Oncolytic viruses replicate to a degree
comparable to that of proliferative tumor cells, and both rely on glutamine metabolism to participate in the
synthesis of biological macromolecules. Adenoviruses and VSV are significantly less able to replicate in states
where the glutamine metabolic pathway is suppressed. Similarly, the level of host nucleotide metabolism is
closely related to the replication capacity of oncolytic viruses, and enhancing RNA reductase (RR) activity can
promote HSV replication in tumors. Therefore, the use of oncolytic viruses to regulate host metabolic
reprogramming, or in combination with drugs that can regulate host metabolism, is one of the directions to further

improve oncolytic virus anti-tumor efficacy.
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