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B E: #FmAFAF (Newcastle diseasevirus, NDV) # @564, SRR X ABEE (Avulavirus) 498 3555
#F & (APMV-1), T2f 250 34t & Kz mB s, L RTEANGRTERARRT EXRMRE. BT, 4
A I NDV 5 ARG a0 B A AR A, BRI B e 4. 5 B— A5 2 34T T ARG JRIX
I, RIFT RIFe9R. Bk, FIRBERERIBETOBELTH. L PR NDV &M Za5F 6% %. NDV
HBBBAER . NDV A BRI IB AR ST . NDV B L O 25477 %R,
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Progressin Newcastle disease virus against tumor

Beibel Wang, Lili Song, Dehui Ma, Yanxin Dong, and Xueli Wang

Animal Science and Technology College, Inner Mongolia University For the Nationalities, Tongliao 028042, Inner Mongolia, China

Abstract: Newcastle disease virus is paramyxoviridae, Avian mumps virus genus type |, and infects more than 250 species
of birds, causing huge losses on poultry farming worldwide. Numerous experiments have demonstrated that Newcastl e disease
virus has oncolytic activity on tumor cells and can selectively replicate in cancer cells. Thus, Newcastle disease virus is a
potential therapeutic agent for cancer treatment. Some human clinical trials achieved good results. In this review, we
summarized research progress of the relationship between the structural protein of Newcastle disease virus and virulence,
anti-tumor and autophagy of Newcastle disease.

Keywords: Newcastle disease virus, oncolytic effect, autophagy, tumor gene therapy
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J7, NDV BT IE Rtk o Bk Bl 36 7 TFRE T
BBt IE R .

1 WEEHWEaS5EmxR

NDV SRR IS 99 B s P XS I 7, J8 T
RIZEEERL (Paramyxoviridae) . &5 AR 46 55 2 /8 o
W H T EGERE, HAGEME ., NDV Jy g
fEE RNA R 5, ifid 6 FhZ5 A A E > 2 Fpdk
gitEr, Hrp, FEBAM HN EREW R T
FIMM 2 FEFREN, £ NDV BULE R4
FEFEIHET

NDV i HN & RIS H AR ARG 400 (Natural
killer cell, NK 4iff1) LA T 40fa™, HN &[0
TR ep TSN T, X ZIRBR . 2RSS A
% FEAREEREEMERY . BN E HN
B VLE IR B AR B G B P R A — AR
M, Wi SMERIRZ KNS A . BE F RO
BER G . ZEREE H 2F IR R B R TR . ARG
B NDV BEFEH, HN BLHZER2 I 5 77 . 1 W NDV
Ulster ¥k, BRZ: C-AuRAYIEN HN B 10K ok
WG, X L AE HL ALY NDV HN 2 1 PR g &
B, Ulster #fk HN ZEHFH 616 M2 IEMR, 7FE
FIHTIA HNo A 45 MR C-ARuRIER, HNo I
#)J5 HN A HA 15 Ulster 10k HN 762 2L iR 7%
5 596 1Y C-ARui ik & 14— mis, Z 6
SR HN 36 MRl 2 S R (Neuraminidase,
NA) TIRRZEMIE ., BrisEemis HN iy —
SR YR PR 45 07 st A C-2A 0 4 4B 1 . A7 5Bk, C-
RIHIEMA, T NA ZEF B — B IA R T, el
RE BELAS FLAK B oh B o LA L8 55 MU BH Ulster # #k HN
() C-AR I Ak 3 3 HN 19 A shPm IR ES . & HNo
A 00 06 B S5 DL R S BOR O 25 S R AR

Heiden S5 M) T — P E 4 dE, B4R EE
BT clone-30 1Y FEEE RS FIK H T —
AMRSEIFR N F R CUTSIM AR, MRS R B

&: 010-64807509

B4 0 PN 2 R o 15 5 (Intracerebral pathogenicity
index, ICPl) & 1.1, F & A2 S F 5 K
R-R-K-K-R*F, M ELEE ICPI 2y 0.6, 1A
FEARFEBOR IS . 2T, 5584 clone-30
By 2L A7 S G-R-Q-G-R*L 78}y R-R-K-K-R*F,
S MU SRS Y 1ICPL A 1.36, Ul BB
BRI SIBR T F R I RR A S A K, 852
LIt ZWiEEY, BT 20ES F &
)2 (Cytoplasmic tail, CT) 42 JLHR FlG 5 5
il 5 BOR LA 3¢, 38k FAMe = 2 4 Bl 4 A4kt
(rA2 Fl rAd) BYIREERASR, #E— LRI HX 4 K
wAk AL (rM553A . rK552A . rT551A . rT550A) H
14 B B2 S R R R [ e B 2 AR I o T I 9
7 F M CT AP B IR sk 3 (Y524 Fil
Y527) Fl—A WA R R (LL536-537). X T HiAth
BRI B, 3ok S 2 I R M I B R i 5 1

JEFLJR AL ) AR L 2 N 44 CT Z LR
Bl 5 MG PR R T BRI A IS R T
AR . B DT RI, TEA B R R A
rY524 #l rY527 gy h, T EE S I
ok A 7 3 Ak 14 R B A A 6 T ity 8 5 S 2 T 114 3%
K, TORUS 2 B2 2% A8 ARTE 3 A i R B AR AR 40 R T
Ui B IR R M R B AT . ABNE, M+
rL536A FI rL537A Z&ARAK, F 2 [ 7 T i (1 R 35
PSR R M RIE, XA rL537A %
SRR B R BT R R F R E CT
BRI BB A TR BR FEXT F B8R AR Y IR — 2 1Y
JETVE R, DA 9 2 A o A A s LA

2 NDV & BB A

21 EEBEBUR

AF NDV FERRIIHRBE ST AAIE, 5075
TR T P AT DBk, TP I BREARGR T
TEbk, TRl —EE bk el TR R A T 18] A A TR
WRBCR AR, WEEBOR, PRI i,

B<: cjb@im.ac.cn
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RO . VR R R AL, TEE T
WREEN EEG R, T AT Ak L AR
N, PRI AN M RE PR . e BRAR A B R SR
S MRS T R B R A e SR TR T 4,
WCAZPE T 4000, CD4 #ih Pk T 40HdF CD8 4il ity
FE T 400,

7E NDV FoRi HL T 4 5 B 40 i 5
T IGI0 LL K AL BT e 1 e 3 i 2 2 i 4
D22 RIS I 7 AT AR S e e siE
JUHCAT SR R AR S CTL RSN 1,
BL AT e S5 e HN 2 FRER S e RS0 IR
1) - K 58 G758 2R 8 3T e 440 e 4 A0 s ek A

h T B I S NDV X/ UM NK 241 i
MRIE . IR RS A OGP TS S IR (TRAIL)
T A A5 Novikoff /IN B 4 ML i 2 e, FF 4R
5y THE (FN-y) BIEHK, Song X7 BALB/C
/NERFT IFN-yR™™ B6.29S7 /)N U I v i NDV, 12 h
Ji, FELISA. J /5% PCR, Western blotting LA
K LR i A B (LDH) B i 32 46 I /0 BR 40 J) it
IFN-y %% . NK 40 /ig 7 TRAIL mRNA %% 55K |
JEIE NK 4id TRAIL K. NK 20 %)
Novikoff JH-#8 4t Ml i) A% 45 VE T o 285 2R R DA 52
BFebRYy FiE, H TRAIL s RIPUAREN ] NK
2 L % Novikoff T8 20 I i A 5 E T o IFN-yR™™
B6.129S7 /N4 NDV 1S MME NK 4 Ay
TRAIL kT 0 &1 #5048 T 58 NDV
557 Hk HBNU/LSRC/F3 X N\ 45 Ji ECA109 4 Jifd
T sgm, 5 AP S B Ak . R TR
NDV A He I/ AT T A . R R, 59
# J7 HBNU/LSRC/F3 7] A i/ 5 ECA109 4
DR W 1 S 2 - B =Y (S R L |
Mukteswar ¥, {HT# T 55585 1 LaSota bk,

sk A e 0O i e e et | Transwell
P A BEE L SR NDV D90
Xif A I 22 TE A5 A . X HN-6 41 it

http://journals.im.ac.cn/cjbcn

MR R MAEIER . XF RECK. SP1, MMP-2
I MMP-9 &3k 520 L) % MMP-9, MMP-2 i 14
BIkE . 4ERFEH], NDV D90 REMSA R Hum il 11
Y 9 20 it 2 HIN-6 AT RS IR 28 .

22 RAGERERSBETHIEAR

KRG SN A B AE o BE A5 —E 2, B
T I S RGP g TR PR
Wi SR EEAEA . PURTTRETE T & R
R MG R, R Mg 07 Fy s 7 30 1 T
JRUE RARAE SIRE T NDV 7 Bg b iy 2 361
AR 2 52 ) i 92 A L3 B %6 L ] Bt e g e e 4L
RMGIER T AT R . RIR G ) vl 38 ) 15
A B PRI R ARSI B NDV BG T RCM,
WFIE R EL, NDV I Ak 1 52 20 i RE % 0 il e
£ Panc02 fitfgg o 1 16 1 NK 20 1 i 1 e
AR K, fE R KRR, FRR
(NK) 20 g A SRR BT DL R e 7548 o
BRI AN T R IL [ 28 A LA B
(MHC), IR NK 2 B4R . R4 NK
21 6L T R B e g 1 i A0 S R o s 98 s 1
il , (AT A NK S L 0 S8 e 2 iR T
RO EAMEIEEA . BEAh, NK 2R e 4 20K
s (DC) MIBUAR RHAER, BT L
Tt 70 IFN-y A1 TNF-o 175 59808 T 240 i LA K2 A
SRR AN . —SERESR R, NK A5 i R
BEMICE W LIS B FBUMREE R . YRR
SR (1) 240 R R W I, T T D o 0
T AR W, B R K T 2
25 T AN, SR 0T By 22 G WD 7 13 M
SR IRAGIE WM e, (AR 240 o 3 B 3 v v
SUREI SR T RN A T 45 R
23 BREATT

F 2011 4EHEUEHT CTLAS (fR VS BA4T) 67 1
HIREZIR LK, PUERIERIT NI K EH
R, Vi Z e s 500 i sesh FF & i ek
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AT IEAEIRST AR R o o T ARLSE SRR A S AE B
X ORI PR — I Ik B O AR ST
AR, I HR BT IL S YA R T A A
LER TRES T A AP YA R . VR 2 IR R AT TR R
W1, HEG Seif AT nl RERE I R] 3 9535 7 2k
SR BT HIT R A SR R AL PR T 23 R T g
240 0 A0 ] L ) B SR A A o TS S ) A 2 3
W) B 1 R R S B, AT Bl G
W, At E T A0S . EAHA SR
it TR TR S5 9 - T A G R A N ) SR AR AR
T o 39 5k 14 Tk e T 1 A0 B 78 2 R LS 1 1 T AT
B R GE LU BRI AR o SR T, BTSSR AT s figp o
T 5K LI R 5K B 1 4 1 A 4 4

3 NDV A & Hy BB 2 R e T

WIEREE (Oncolytic virus, OV) Z i LI AT LA
RITIIE, BRI A R, KA b b ik
PP . T RSR NDV sl B4 A BN
A P S 26 R 40 o P T A IR A R A DR
SZFEH . KRR AZB NDV 752 ik —
A5 388 5 G b g F B 1] SRR VAT RICR . BT
RYEGRE . FMA . AL TS50, NDV #3ik
i e s JC 38 B0 A R TR B, O FLLE bR N
PHORR . ff ek e Xt T8 M NDV (iR
WORZKREE, R TR BRI IR FIRY AL
R, WFFE K I E AR A 1 PT DA AR v R
B,

X0 B S ] 388 1 RS8R RE S iF— 2D 1
SRERIUR TR IRIEYE . T HRmELL NDV )
il ek 8 A AR, Niu 8 R 82 T prNDV-1L15 8 2 Jig
K, Yy BHK 21 40 e Tk dE KRl . @
1 ELISA R MTT HLE R Al 4 it b 35 9 v
IL15 By 54 L &2 rINDV-IL15 Fl rNDV 7E{K i
il B16F10 AUAEMRR, HIE T EFERAR
Jifr e a8 /N BRI TR, SR 25 R, 4 A IL15

&: 010-64807509

SR EE A K TR, IL15 7620 M b3 W b ik
HHE, rNDV-IL15 F1 rNDV % B16F10 4fl it i1
PR SRS, (AW & I HR2E FIHA DR
FHU N T ke NDV I35 41 M 8CRAR T 4 1e)
Zamarin SER L T — D RIBWE NSL H Y H A
NDV, FEADWHIE A MR RE ) w2, v
Vs A Z2 Tl NS H/IN B g A L 2, 400 o 4t
i i R/ e e AN G | T E N UPAN = RESR R g
TR B, XTI, NDV-NSL 54155 75 L
NDV X g i s g S0 A5, B sh ¥ 75

Ko 1ksh, A NDV-NSL J&77 B/ R A T v
Mg, I BB T Mg (cTL) .
He S50 UE T —FP B 22 MBI e 1, 7EA
ik B S (WTERT) S5 3h T F Rk 85k
EREEA) HN B (Ad-hTERTp-Ela-HN), K4
TR ANE: J5 (2 & EC-109 40 i, FAAR % hi
BALB/c R BRI e o7 7 . AE 1441, Ad-hTERT-Elar
HN /)8 ge ] DL 2 70 EC-109 #i Ml A=4<, If
B IEH AR L02 %52 3-(4,5- - JLEmL-
2-13 3E)-2,5- A S PO ALY (MTT) Hi45 .
Ad-hTERT-Ela-HN &4 Bk P L EC-109
20 it ) PRV R K-, TS S 7E LO2 20 it - R AP e
IR Ko ULk, 8 I e R AR AL 2 B Y
(AO/EB 4tff) Ad-hTERT-Ela-HN /515 ST
WAE, BT IEMEE (ROS), F#AK T ZRb AR B
PLIF R ML 2R co 7EIRIN, XT BALB/c # FLif
1ok JiRg 9 B DK N 7 5 Ad-hTERT-Ela-HN, 4%
PR RIEYT 5 A g PR R T 349 s 1 1 Sk g
HlAE A, (A 2 b8 9 3 Ad-hTERT-Ela-HN X
BT e R R Wl 45 R i g R A R R
JPHEE 4 INDV-18HL , 3 & 1B ER I . K A
FEW B . Transwell {2 78356 A1 36 11 25 25 714
PR AR Y E T EEHRIE cHADLS HLIARIFHIE,
HAE W43 A T A AR RN S e L UL~ EA T T P
o G5, 76 NDV-18HL 8% i 20 it b 7 2R

B<: cjb@im.ac.cn
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1) cHAD18 il iof 4 it %5 i FE e 3 B W .
rNDV-18HL %% i) cHAb18 #ifA %} CD147 {545 3%
FF1, I BRIl HCC 4 BT R fiiR 28 . il
A cHAD18 EE[A, a7 &2 il FH i 1 I A Il ss
X0 B SR T AR A R A AT AL R B . R
P42 W rNDV-18HL  J5UAV T 988 #% A R 5 3K
cHAD18 Jiifi; ik, Hiifk— 535 Mg IR IE , halib
JFF P2 B 3 i /N R 777 1200

Y NDV VE R RS0 A My 3 e & Bl Ay
RUGRE S B — NDV ¥ 9 SOR (1 8 . Bal 4538 2o
W AN A -2 (1L-2) FYE T A1 56 0 i Rs IR 3E
K F4f A 2] NDV, 8 H 2 rNDV i AR Y
AL R LB INDV O EIK M IL-2 FE A
(rNDV-IL-2-TRAIL) i 1 55 5 40 B 03 T RE 0% i
E T NDV BRI Castano % T
SEROGT PR £ FRIRE IR O A T B MR R AE
HF5Z1k Fas (84U AE R 5 ("NDV-B1/Fas)
rNDV-BL/Fas & il | 5 rNDV-B1 ML B, 7
TG A Fas (9 RIB FHECER . B
AKOF R A, BOm T AN IR T RO, TR
FAMEMEE B AR ROE . eAh, RR/DNRBAR
S MR UK PO 5 B rNDV-BL/Fas 1 R 45k
W , A A AR SRl TR R GE . BEAY
B, VR I B R4 U T4 PR 1 5
R P R S — R AT AT 5907 35122 Buijs ZExf 3k
kT E (INDV-hIFNB-F 0) & IFN f5Hi8E H
(rNDV-NS1-F 0) L) K& # f1 458 1 INDV-F 3aa &
2 W7 392 o i A N TR AR i A L K A ORE A F E
11T VFH o BREINER (1 2238 AN i 15976 5 52 ) 5l 40 i
BEM. R, REVWTIRRRBZEHBIL.
FH M, HE 4B % B INDV-F 3aa #2719
B (1952 1l o 265 M98 2 L 55 rNDV-hIFNB-FO Ji5 7™
AT R T BT R, T 2s bR A S
rNDV-NS1-F 0 5 30K 2 B0 M P8 3= A BEL -
FH rNDV-F 3aa $ ABfige 41 1 4 rNDV-F 0 5]

http://journals.im.ac.cn/cjbcn

BT R R A AR R N BT g S A
FEAE I 1A N S 58 R B R N TE S rNDV-F
3aa A4 FEMRIE, LR R R S
FAITE L INDVSTR T [ 8 TH 258 s & 1 e 5
PERGIVER, ok R E 24 INDVs A % H i A%
JEYT A, Altomonte SF L ARIE T —FIFE F IEEN
A L289A 727 [¥) NDV, il INDV/F3aa #E17 X},
BT AR ANEE I ) 9 A0 B4 | A A i v
rNDV/F3aa (L289A) 1AM 2, 2T 2h ki i3 fie
RERE T 3R A AL KL, R BUH I R 50 A i
TRTE BLARIIRFE , B A7 % 48 3 I 52 o 1 A 25 7 i
Fo HURIEBER TR BTG IR . SRR
rNDV/F3aa (L289A) &% 411, fie ¥4I NDV
B RHA T P, Sanchez Z5PIRF S TR
55 8¢ & NDV-MLS Xf A B 4t Jif1 ik 2 %83 40 g
(SU-DHL-4) LUK R IEVE B 20t bk C 03 290 it ) 75 d
SR o H 5 f R A RLR A1 JE i L 40 (PBMC)
AT . PR A FRA XS BRI AH L, NDV-MLS
FEAR T N (42%25%) FIR (34%+12%) fif i 4
FRL AR TG 22, X b JE] i S A 2 B G B R S
1ok G 2 S DO Fo e A B B BRI T ZER T 4
Uk B DKV S 1x10™ TCIDsp NDV-MLS, 24 h
Je 38 2o Be s 4 AL Bl s, PCR RGN, X FE B | e
VR AN S % B R, DL R SEER S8 NDV-MLS
FFIRIT IR R A HSR A, AR 2
W AR YR YT 5 S 0T 3 2 W A= 2 it
JUEXE NDV BE4T T 1/ 1L I e i ik
5, AR i — 20 el e R SR e YR T DA 4R
I HIAYTIRE . ARG R B WA B TR IR YT R
J5 AR BEFI IR SR, [RIETd y FAMA . SR
G JE V20 i A0 6 ot 55 52 5 1 LE R 9 T O
K . Shobana %4/ NDV i&it 7 —Fh#E4 NDV
(rNDV), H F 8 B AT IR et (PSA) 24
fit . rNDV TERTSI S (CaP) 4 Al AR 51
SR BBk P AL . RS AN, (HAEWA PSA 1Y
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TG 00N ok il 38 A G U R 2R
(R1881) 5 F4tilifi N PSA A ik, #m T AEMEMER
NER CaP il il & . ik —2n,
INDV 5| A Al I8 28 AR AR e S e s A L S — A
PR R E (EC50) M 0.01 F] 0.1 £ 5K
o, HERCE N IO CaP 4t i FHT 51 98 20 i
BR. XA FEE M PSA 2fFEL NDV AR
L1 1 HTH I A0 MK IR e AR o PSA LR ) NDV
TEXG A P 521 R e, 15 B XS I TE SO Pk o BT
RIS il Jifr e 52 ol R T 200 M R, A R R ST
JEUHE ) AT REAR 5 hNDV IRYT R0, van S0
Y] NDV (RL-RVG) 7E A F|/N U9 A549
2D L el S 2 O A N OB | KR L )
PRI L BE % RL-RVG %5 YL ) RVG 1 NDV
FERRIK, MR, KT MIEIRSE, I
AN TR B R A R 2 P70, RL-RVG
S Y AT AR AT ] T BRI ASA9 4 ELAE AR N I A=
K, UL 5155 5 b 2 A AR O T AR TS A A S 9 S
INEEPS 73

IR TR A 1Y) 5 ik A A il A A DX, AE X
X, Rk BVRIB R (HIF) E3h
WP ZIF M FRIE, XL EA B TRZBENE
PEMRT R AT TR 2 o Sk fei e e 7Y
ZHEFAEAY VHL JE£[H (Von Hippel-Lindau) #'5 4i
i (RCC) AHMIBEAANSE HIF-20 F7FE S = 1
BT mEUETE NDV R RACR . AP KT, X4k
RCC 4 ML X8 o 25 A LA AE ™ A T ER
IFN-B i ANJ& IFN-a, Jf H 5 STAT1 BEER L34 A
Koo BFAERY VHL R FRIA4E & 1 BT 8 75 2
IFN-B (1774, S50 STATL RO RR 1L ZE K A2 iU 7E
TN BEER T TG T A TR T

4 FREHME S B E

NDV e[ gg 40, T LA S 1 £ A i 2E
ZMAiEEF, . THE (Interferon, IFN),

&: 010-64807509

40 A £ (Interleukin, 1L) . fif 8 3K 36 9 1
(Tumor necrosis factor, TNF) . 4 e/ W 2 i
V% 3 N ¥ (Granulocyte-macrophage colony
stimulatingfactor, GM-CSF) %5, X240 ifg [ 1
SPGB VEANAE, BE T R Ani . NK A .
FAAZ UMM S, DA RS SR AL SR g

I A A 5 R 1) S AR A 2R T R A
I HAT B AR, IF S0 I AR RS TR A
VSR, 38 ) A B A L W 2 B P RS T T K T
JE 240 LA (18 45 TR L A4 2 BT T e
IEFAEOLT B AT g A 52 0 20 P LA B K
A A ARG YOR R R, ]
i BRI RAE . WERRAREARTEEN . BREAN
T PR SRR 0 A3 SR AR AT T IR T 185 Ty T
BT, B WRE 23 A g A0 I B A B R S Rk 3
KgAK . Bk, FEMIEIE it #E b A W —
XT8N,

ML T- WA o A T (1 A8Y) . B
ifseT: (IBY) FsRse (LIRL), 1 A0 11 A4
MIFE T Z 1A 9 BRI A2 06 4 . HATESE &
W, Z5HEHTCNES SRR st
JE AR, RV RS A6 T 22 1A S Caspase8,
Caspase8 # i% % 1. Caspase, 5| & & /K il 8
N, fEARIEE T RN R, B
PARNAM AR o BRI RIE M T 5/
&, TEAknY Caspase9 #iGE A4 Caspase, fieffi4H
MO PR B AR I K R B = SR T
a3, BRULEPIRERAN, NI 0 N S pl
NS5 MR AT

IREL-INK {553 #% 82 3] A 5T o 107 38 19 s
KMELZAEN . Bu 55 % I 8 4 JC 6 87 W% s 5
(NDV) LaSota #hFEXMIERBHEMEN (RL
RVG) Al B A s T-F A bk JFRT T 1
e R B I S W R T R AR
HRFR o RLAER s 8 N = i m 17N

B<: cjb@im.ac.cn
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BT (ATF6 i . JULEEST 2E0F 1 (IREL).
PKR-like P45 M2 Hi#E (PERK)) LI K A I
PRI L PO Jiang S5 1 WAE 4R (3 TR
IR T 1 e 3, 76 /)N BUN 245 i3 40
FeL e, X A ) UM (CQ) AN W75 52 4 e i
B 2% NDV/FMW 3l IrJR BT Iebgg 36 M 64T T 9FA o
gL NDV/IFMW i 3 #i il B Y T 2& PIKY
Akt/mTOR/p70S6K il % 3k fish & AB49/PTX 4l jifg
(9 A W, AR, NDV/IFMW R85 4 7 8 5 1 1R 1
WGV T ASA9/DDP 4ile i A W R . IeAh,
5 CQ YA Mk ATGS n] g 155 NDV/FMW
R HOMIEAE R, AN R A LR E T
NDV/FMW 7E AB49/PTX 4 it (s shak .
— 5 THT , £ 3K O 24 4t Af 1 R R S AR
WiEE. ILAh, CQ i INFER W% NDV/IFMW
%t A549/DDP K ABAYPTX 4l fry v g3 1 #4: 5
DLW 5T 2 B B e O 3T R A I A IR T R Y R
NDV/ FMW X iy 25 V£ Bl 16 97 9 A ROCR g o 7EHL
T WAEBET, I 7 B YL s = LU
JEYL A IR R £F 40 i (CEF) 4 B A 3 M Y
HIEATE . NDV &Y CEF 4 Jifl fil /s 3 5 il
FEE T 154 3-1 (LC3-1) H¥ly LC3-11 A
P62/SQSTM1 FYRESH . i 3ok 58 HNA I i s i
FIRYL AN, LC3- 1441kl LC3-1I . Caspase 3
K Z % (ADP-#HE) KA (PARP) By /bk
B, W AA 8 TR B X i 3P 27 1) 5 il 2 21
SR T 240 1 W P A A RS SR T AR T, &
F{ Caspase 3 il PARP Z& i 14 16 BT 380 9 75 %
P AL 2 RN R A0 A v SR
T Beclin 1. Huyi T B F 58 1 48 i R - 0 FL Ay
Fr AT A WEAR G KL 3R, NDV ke o i i i
LA LR e 28 T A A 708 > . 92 caspase il
#| ZVAD-FMK {2 #F LC3-1 [a] LC3-1I #% e |
P62/SQSTM1 ) At , i L 4l 7= NDV #4742
HIBY BRI LS s, R T AT R e, e

http://journals.im.ac.cn/cjbcn

A A5 RO e wE i S ] . Meng Sk R
NDV g U251 4], A BIAT5|ERIZ 400 [ m
T8 B o 38 2ok 1 i UL S 2 v ) B R T
GFP-LC3 JE It e vt LC3- I & 42T, tbak, 7
BRI RS T Y B WA BE AL TS Bk ARt
JULIE 3 (PI3K)/ZK 138 I #E26 TE SR A,
NDV/FMW 5| & it ski4 caspase #5424 LA T
TN T Caspase 3 AL IR AT PARP 24 U H 2
NDV/FMW &4 538 LC3-11 #1 P62 i1k, W4
W AR IE AR S NDV/FMW 7 i 28 it Fh 41
PET AN, 455K NDV/IFMW it AKT/mTOR
R AT A P R O A A e 9 2 i 2

5 MARNE

FE 3t K JUAEB iR A e 19 7 i, NDV —
HE— WS R 258 . @ AN A
MUTIATT R AR o VA9 9 5 AT FH 1 0 [ R i
FEA0ME , (BB = X R AT vk T ROR R S 1 SR
— AN RRIPRE P NDV KGR A X R 20
L ) A2 A A 7, ok NDV RIS HLIA A B
1) G 8 B A8 2R 58, n s AL AR i Jeg 9 938 2
NDV J %% RNA J8E, AoxFifE EREH 4 kA4
B4, PREME B AR B — I
NDV #ilg st A se i, Hhads. LR
Py Rh RN iR R ) SR R s NDV SR 25 6
AN, RFIF AR B Bwim A 5 % R 50
XoF 7 T 98 AN 14 R 1] I 1 A R ML A A i —
I

Ve R 9 B I BIF9Y K 22 R X S A WO (7R
y7, HEG NDV XfJH . Ml . B9 . JHRARIE |
ISR . B . DEEHE . 2RV
TR A BRI YR P PR A T R Ak R
150 [t 3 LR A R 1) 3 A R AR 1 B
BIE N BB BIEYT T B o e,
W F A A ) I ) I PR I 5



IMN SAIERSRMEREHE 1439

REFERENCES

(1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

Jaranian M, Watzl C, Fournier P, et al. Activation of
Natural killer cells by Newcastle disease virus
hemaggl utinin-neuraminidase. J Virol, 2009, 83(16):
8108-8121.

Porotto M, Salah Z, Devito I, et al. The second
receptor binding site of the globular head of the
Newcastle disease virus hemagglutinin-neuraminidase
activates the stalk of multiple paramyxovirus receptor
binding proteins to trig-ger fusion. J Virol, 2012,
86(10): 5730-5741.

Yuan P, Paterson RG, Leser GP, et a. Structure of
the Ulster strain  Newcastle disease
hemaggl utinin-neuraminidase reveals auto-inhibitory
interactions associated with low virulence. PL0S
Pathog, 2012, 8(8): €1002855.

Heiden S, Grund C, Roder A, et al. Different regions
of the Newcastle disease virus fusion protein
modulate pathogenicity. PLoS ONE, 2014, 9(12):
e113344.

Samal S, Khattar SK, Paldurai A, et al. Mutations in
the cytoplasmic domain of the Newcastle disease
protein  confer  hyperfusogenic
phenotypes modulating viral replication and
pathogenicity. JVirol, 2013, 87(18): 10083—10093.
Ba FL, Tian H, Yu QZ, et al. Expressing foreign
genes by Newcastle disease virus for cancer therapy.
Mol Biol, 2015, 49(2): 171-178.

Piao BG, Li X, Sun LL, et a. Activity of T Cells
stimulated by hemagglutinin-neuraminidase of
Newcastle disease virus in vivo. Chem Res Chi Univ,
2011, 27(3): 455-460.

Song DZ, Liang Y, Fan XH, et a. Newcastle disease
virus enhances tumoricidal activity of mouse NK
cells against mouse Novikoff hepatoma cells via
up-regulating expression of TRAIL on the NK cells.
Chin J Cellular Molecul Immumol, 2015, 31(5):
599604 (in Chinese).

RPERE, ThaE, BRIGERE, 2 P AR bR
FLNK ZH i TRAIL 35 454% Novikoff /)N U8 41 .
Al 54> T g2, 2015, 31(5): 599-604.

Gao C, Wang J, Ma YY. Comparison of antitumor
effect of Newcastle disease virus HBNU/LSRC/F3
strain to ECA109 cells with Mukeswar and La Sota

virus

virus fusion

&: 010-64807509

(10]

[11]

[12]

[13]

(14]

[15]

[16]

[17]

(18]

strains. Chin J Cancer Biotherapy, 2013, 20(2):
212-216 (in Chinese).

R, B, B WM, . B IR N #
HBNU/LSRC/F3 #k5 Mukteswar . LaSota #kHt[ifiJ&
ROR MY PLEE. A g 2R iRy T Ak, 2013, 20(2):
212-216.

Zhang CX, Yuan J, Ye LW, et a. Study on Newcastle
disease virus (NDV) D90 inhibited the migration and
invasion of oral squamous cell carcinoma cell lines.
Progr Mod Biomed, 2014, 14(28): 5436-5439 (in
Chinese).

KA, WA, I, . OBMBUERE (NDV)
DO ] 171 i i 240 M 2 TR PR 22 B oE . BAR
HE W E R, 2014, 14(28): 5436-5439.
Chaurasiya S, Warner S. Viroimmunotherapy for
colorectal cancer: clinical studies. Biomedicines,
2017, 5(1): 11.

Ricca JM, Oseledchyk A, Walther T, et 4.
Pre-existing immunity to oncolytic virus potentiates
its immunotherapeutic efficacy. Mol Ther, 2018,
26(4): 1008-1019.

Schwaiger T, Knittler MR, Grund C, et al. Newcastle
disease virus mediates pancreatic tumor rejection via
NK cell activation and prevents cancer relapse by
prompting adaptive immunity. Int J Cancer, 2017,
141(12): 2505-2516.

Chaurasiya S, Chen NG, Fong Y M. Oncolytic viruses
and immunity. Curr Opin Immunol, 2018, 51: 83-90.
Wang YF, Deng WY, Li N, et a. Combining
immunotherapy and radiotherapy
treatment: current challenges and future directions.
Front Pharmacol, 2018, 9: 185.

Fournier P, Schirrmacher V. Oncolytic newcastle
disease virus as cutting edge between tumor and host.
Biology (Basel), 2013, 2(3): 936-975.

Niu ZS, Bai FL, Sun T, et a. Antitumor efficacy of
the recombinant Newcastle disease virusr NDV-IL15
on melanoma models. Acta Pharm Sin, 2014, 49(3):
310-315 (in Chinese).

AFEAZ, AR R, IVE, S AT WO N R
INDV-IL15 7ERERRIASTHIIRBOR. 2527,
2014, 49(3): 310-315.

Zamarin D, Martinez-Sobrido L, Kelly K, et a.
Enhancement of oncolytic properties of recombinant
newcastle disease virus through antagonism of

for cancer

B<: cjb@im.ac.cn



1440

ISSN 1000-3061 CN 11-1998/Q A T. #2244k  Chin JBiotech

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

cellular innate immune responses. Mol Ther, 2009,
17(4): 697-706.

He DY, Sun LL, Li C, et a. Anti-tumor effects of an
oncolytic adenovirus expressing hemagglutinin-
neuraminidase of Newcastle disease virusin vitro and
invivo. Viruses, 2014, 6(2): 856-874.

Wei D, Li Q, Wang XL, et a. Oncolytic Newcastle
disease virus expressing chimeric antibody enhanced
anti-tumor efficacy in orthotopic hepatoma-bearing
MIC. J Exp Clin Cancer Res, 2015, 34: 153.

Bai FL, Yu YH, Tian H, et al. Genetically engineered
Newcastle disease virus expressing interleukin-2 and
TNF-related apoptosis-inducing ligand for cancer
therapy. Cancer Biol Ther, 2014, 15(9): 1226-1238.
Cuadrado-Castano S, Ayllon J, Mansour M, et al.
Enhancement of the pro-apoptotic properties of
Newcastle disease virus promotes tumor remission in
syngeneic murine cancer models. Mol Cancer Ther,
2015, 14(5): 1247-1258.

Buijs P, Van Nieuwkoop S, Vaes V, et a.
Recombinant immunomodulating lentogenic or
mesogenic oncolytic newcastle disease virus for
treatment of pancreatic adenocarcinoma. Viruses,
2015, 7(6): 2980—2998.

Altomonte J, Marozin S, Schmid RM, et a.
Engineered newcastle disease virus as an improved
oncolytic agent against hepatocellular Carcinoma.
Mol Ther, 2010, 18(2): 275-284.

Sanchez D, Pelayo R, Medina LA, et a. Newcastle
disease virus; potential therapeutic application for
human and canine lymphoma. Viruses, 2016, 8(1): 3.
Shobana R, Samal SK, Elankumaran S
Prostate-specific  antigen-retargeted
Newcastle disease virus for prostate cancer
virotherapy. JVirol, 2013, 87(7): 3792-3800.

Yan YL, JiaLJ, Zhang J, et al. Effect of recombinant
Newcastle disease virus transfection on lung
adenocarcinoma A549 cellsin vivo. Oncol Lett, 2014,
8(6): 2569-2576.

Ch'ng WC, Stanbridge EJ, Yusoff K, et a. The
oncolytic activity of newcastle disease virus in clear
cell renal carcinoma cells in normoxic and hypoxic
conditions: the interplay between von Hippel-Lindau
and Interferon-p signaling. J Interferon Cytokine Res,
2013, 33(7): 346-354.

recombinant

http://journals.im.ac.cn/cjbcn

[29]

[30]

(31]

[32]

(33]

[34]

[35]

[36]

[37]

(38]

[39]

[40]

Bu XF, Zhao YH, Zhang ZJ, et al. Recombinant
Newcastle disease virus (rl-RVG) triggers autophagy
and apoptosis in gastric carcinoma cells by inducing
ER stress. Am J Cancer Res, 2016, 6(5): 924-936.
Jiang K, Li YC, Zhu QM, et a. Pharmacologica
modulation of autophagy enhances Newcastle disease
virussmediated oncolysis in drug-resistant lung
cancer cells. BMC Cancer, 2014, 14: 551.

Kang YF, Yuan RY, Xiang B, et a. Newcastle
disease virus-induced autophagy mediates antiapoptotic
signaling responses in vitro and in vivo. Oncotarget,
2017, 8(43): 73981-73993.

Meng CC, Zhou ZZ, Jiang K, et al. Newcastle disease
virus triggers autophagy in U251 glioma cells to
enhance virus replication. Arch Virol, 2012, 157(6):
1011-1018.

Hu LL, Sun SL, Wang TP, et a. Oncolytic newcastle
disease virus triggers cell death of lung cancer
spheroids and is enhanced by pharmacological
inhibition of autophagy. Am J Cancer Res, 2015,
5(12): 3612-3623.

Bai FL, Tian H, Yu QZ, et a. Expressing foreign
genes by Newcastle disease virus for cancer therapy.
Mol Biol (Mosk), 2015, 49(2): 195-204.

LU Z, Zhang TY, Yin JC, et a. Enhancement of
anti-tumor activity of Newcastle disease virus by the
synergistic effect of cytosine deaminase. Asian Pacif
J Cancer Prev, 2013, 14(12): 7489-7496.

Yuan P, Paterson RG, Leser GP, et a. Structure of
the Ulster strain Newcastle
hemaggl utinin-neuraminidase reveals auto-inhibitory
interactions associated with low virulence. PL0S
Pathog, 2012, 8(8): €1002855.

Ravindra PV, Tiwari AK, Sharma B, et al. Newcastle
disease virus as an oncolytic agent. Indian JMed Res,
2009, 130(5): 507-513.

Washburn B, Weigand MA, Grosse-Wilde A, et al.
TNF-related apoptosis-inducing ligand mediates
tumoricidal activity of human monocytes stimulated
by Newcastle disease virus. J Immunol, 2003,
170(10): 1814-1821.

Tayeb S, Zakay-Rones Z, Panet A. Therapeutic
potential of oncolytic Newcastle disease virus. a
critical review. Oncolytic Virother, 2015, 4: 49-62.
Han YL, Yeap SK, Rasoli M, et al. Safety and

disease virus



I FHmERSRMEMRHERE

[41]

[42]

[43]

[44]

[45]

clinical usage of newcastle disease virus in cancer
therapy. J Biomed Biotechnol, 2011, 2011: 718710.
Song KY, Wong J, Gonzalez L, et a. Antitumor
efficacy of viral therapy using genetically engineered
Newcastle disease virus [NDV(F3aa)-GFP] for
peritoneally disseminated gastric cancer. J Mol Med
(Berl), 2010, 88(6): 589-596.

Chai Z, Zhang PY, Fu F, et a. Oncolytic therapy of a
recombinant Newcastle disease virus D90 strain for
lung cancer. Virol J, 2014, 11: 84.

Zamarin D, Palese P. Oncolytic newcastle disease
virus for cancer therapy: old challenges and new
directions. Future Microbiol, 2012, 7(3): 347-367.
Meng G, Xia M, Wang DC, et a. Mitophagy
promotes replication of oncolytic Newcastle disease
virus by blocking intrinsic apoptosis in lung cancer
cells. Oncotarget, 2014, 5(15): 6365—-6374.

Jurin MA, Sinisa |, Mariastefania A, et al.
Transplanted tumor growth and the incidence of
T-Lymphocyte populations in the spleen of newcastle
virus-treated mice. Cancer Biother Radiopharm,
2015, 30(4): 182—-186.

&: 010-64807509

[46]

[47]

(48]

[49]

[50]

Schirrmacher V, Fournier P. Multimodal cancer
therapy involving oncolytic newcastle disease virus,
autologous immune cells, and bi-specific antibodies.
Front Oncol, 2014, 4: 224.

Silberhumer GR, Brader P, Wong J, et al. Genetically
engineered oncolytic
effectively induces sustained remission of malignant
pleural mesothelioma. Mol Cancer Ther, 2010, 9(10):
2761-2769.

Al-Shammari AM, Rameez H, Al-Tace MF.
Newcastle disease virus, rituximab, and doxorubicin
combination as anti-hematological malignancy
therapy. Oncolytic Virother, 2016, 5: 27-34.

Liao Y, Wang HX, Mao X, et a. RIP1 is a centra
signaling protein in regulation of TNF-o/TRAIL
mediated apoptosis and necroptosis during Newcastle
disease virus infection. Oncotarget, 2017, 8(26):
43201-43217.

AnY, LiuTY, He JJ, et al. Recombinant Newcastle
disease virus expressing P53 demonstrates promising
antitumor efficiency in hepatoma model. J Biomed
Sic, 2016, 23: 55.

Newcastle disease virus

(B35 BRET)

B<: cjb@im.ac.cn

1441



