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New strategies for engineering influenza viruses and their applications
GUO Xiya, CHEN Ji, DONG Mingxin
( Department of Medicinal Chemistry, College of Pharmacy, Qingdao University, Qingdao 266000, Shandong, China)

Abstract: Influenza viruses are highly variable and transmissible, and their infections can cause infectious respiratory
diseases, such as seasonal influenza outbreaks around the world, one of the most serious public health problems at
present, which can be prevented by influenza vaccination. The genome sequences, protein structures and functions of
influenza viruses, as well as their packaging mechanisms are relatively clear. they are also important models, which can
be used for developing conditional control genetic elements and the construction of intelligent responsive viruses. With
the development of reverse genetics and synthetic biology technology, influenza viruses that are genetically engineered
can better control virus replication to improve the safety of vaccines, and induce strong immune responses in human
being, which have attracted wide attention in tumor immunotherapy. Several studies using simple or modified influenza
viruses for treating liver cancer, melanoma, or lung cancer have found breakthroughs. In this paper, three novel

strategies for attenuating influenza viruses, namely, proteolytic targeted chimeric virus, conditionally replicating
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influenza-attenuated live virus and highly interferon-sensitive virus, are described. The oncolytic effects of influenza

viruses encoding premature stop codon chimeric antigen peptide, influenza viruses recombining with PD-L1 or CTLA4

immune checkpoint and influenza viruses expressing GM-CSF with truncated NS1 fragment on melanoma and

hepatocellular carcinoma are reviewed, respectively, which suggest that the influenza viruses can be used as a live

attenuated vaccine and a potential carrier for oncolytic viruses, and future researchers can be focused on constructing

influenza viruses with more innovative strategies and different viruses to build a live attenuated vaccine and oncolytic

viruses, in order to obtain high safety and more clinical curative treatment, improving the life quality of the patients.
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TR R T IER R R R, Al A.
(A & B W (O, T DY, NAEWBEK R
X RNAJITE, 73 12~14 kb 7E DY FF
Wi, HRRIE R (influenza A virus, 1AV) Al Z 7Y
TR (influenza B virus, IBV) W] S EEFERAT
KA, WK . TAV FIBV 3454
8N B, ilgmidigts (hemagglutininek HA) &
F. L E R (neuraminidase, NA) 2. itk
FAME1 (polymerase basic 1, PB1). Bl 5 &1l 2

(polymerase basic 2, PB2). BRI G (polymerase
acidic, PA) . 1% 4K 5¢ 28 1 (nucleocapsid protein,
NP). #Jfi#H (matrix protein, M) FlHEZE R R H
(non-structural protein, NS). HA FINA i &5 £ i
WEE AP PA. PBI1HIPB2 =3 M # RNA %
G AL, NP ARNEMESUE, BA R R EM
JRMERRE s MR B A R HESE, B b s it
FasE s NS A2 5 Wi LI A I AL i FRE B 1 32 3 84 (1)
KEEEE IR 1. BEAh, TAV B AE N & L Em s
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77, AR 5 WAL RE BN, WA il — Fh Bl A
RAT I T AR B

TR B R AT T AR 3R A E AT R 1 U E
WBITHZMET AMBIHEMm . &5 Rk, XEE
2 IR B S (Food and Drug Administration,
FDA) ik 17 =Fhm] fik A A FH 0 900 28008 55 %2 1
HARBORE B R =R IEEOEE. KGR
Jp3 7 #Z 1 (inactivated influenza vaccine, 1IV) i
iR TS 2 T (live attenuated influenza vaccine,
LAIV) " ] 5 )32 B IR0 IR 1 A K At
BESE T o U AL B B 1Y) 32 A R4y & HA
MNAEH, XHFE AV 4R R R Pk
LT AERTEA N R F LR R, HAEASE
S, PEAET TS B A, (H R HA U AL
P AP RE R, TS S A AT
R TCVEAR o AR 7 5 BRI B, B LA K
T HT GV BN B IR AT AR AR S gl R R ROR
WAT

LALV T BA15-FEAC H B8 5% SO 7
JIR 5 TR 25 BRI, H I 5T %
o SUVAHEL, LAIV 585 47 iR T 7 24 O
R GL 7, FDA HEFE 1 LATV 72 HH B 357 1 J e T
A F] Medimmune ] % ) 4 4 FluMist [ £ 7 . 1%
P B e — AR IE N L il EE BBURR HL ek EE I = A B
REEIE T . HON BN Y], R T Rk
ThRE IEH 1 2~49 5 NHE . 30 B b 7T i ik
HIHEE N =B S (LAIV3), BHKEA
SLAEMIRHE R A PR A A il & . LAIV3AUE S 3~
17 5 NHE, Frid e o) 47 08 90 B 3 R 78 /o DRIk T
AE 77 2 SR SRS SR B R I R, PR IE e
Bl 360G o R R AR EEF

H HI A 5T I 28 B IR T R RS L — 2Tl
i S 1) 354 2 T V] A R AE S R 1 (non-
structural protein 1, NS1) [HJJiEs 8 . VLW B
NS1 & AN B ) oA R F R R AE PR, £
EE R RA ZIhEER M. BAANSIEAA
2 B S T TR 0, R LR VRO B R G 1A
BN R TREAE T S DR 5 AN T B I R R A K
AL, MERNST —E AN T %A
PR Gy T o 1) I B 9 W I B AR SR T, A
ZAE/NRC, NS % T AT 5 0m ) g%

%, 5 OKRWE W EEE A B A BRI
FEUem, SR, A e R NST 38R B 7E R E
414 (madin darby canine kidney, MDCK) H {4
KM RAE Y, BZH A= RGE RS T
2R NST It B89 25 ok 25 0 2 P AR I o — 2P R o
DAL, 5 2200 (0 U9 B SR M, o IR 24 17 Ok 2 Jt k%
A A T T R R

BEE I m L 5 a5 AR KR, —5%
BT IR Rk S MR A T A5 LAV, W] DL B 47 B g ol
R, PR A A R A v R R AR
(e, B AT K R R S R Y KR
1) 284 SR Ok B v 2 OO R T P R U i P
TX G R gk 7 SR R BT RS T SR 2 A AL RN
TURORRAT W RN 73 B2 6 R TR s s 1)
TR RE,  AE R 75 2 22 4 m] 8 M0 4 2% AR
%I # (oncolytic virus, OV) Jrikh K &
AR . R R EA DR E K
BLHI R 7T A 6 35 2, AT PAAE B0E s2 A )i 1 &
BV, WRABIE SRR R LEk, ¥
I iR R AR N R R, RO IR A

PUE BRI B9 3 . 5 PD-L1 80 CTLA4 fu & 46 25
U EE 2 )3 B BE AU I NS T H Be 3R ik GM-CSF
(1 I B 095 B 0 i) %o B £ 3R 0R BROT o R R RV IR
PER o 3X B 28 1R = FloB (0 9 55 5 i A4 1
J BRI JS B 1 B € 2R R e P BV IR R

1 WL S e SRS
11 BERKBENHSHES

ST B S OB T g A K B BT Y,
i A 2 2 0 B P BT AR AL R SR R A0 7 R 1B
R 78 P AT B A — b AT T A0 5% AL 2 A2 o A 00
FEJ7E B ks, SiAE UK AR AR BE 1) 45
Ik (proteasome-targeting domain, PTD) 5 Vit J&& 5
BHEIE 1 (matrix protein 1, M1) @G 31T ER
5 7K fift #8 [5] #ik & (proteolysis-targeting chimeric,
PROTAC) i 8 . PTD N & & 1 B A 48 i ik
(proteasome-targeting peptide, PTP) ALAPYIP HI
OB %0995 B D) E A7 55 (tobacco etch virus cleavage
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site, TEVes) #%3k ENLYFQG. ALAPYIP # Jif 8
$0#) 2  (von hippel-lindau, VHL) %), VHL
s& CRL2"™ E3 {2 3 BB 1 IR WR A i 73, 35
ZEA, I B A R R A il B R
VHL 7£ K 22 $UUE 5 41 23R 40 i 25 700 o () 3 0K
N PROTAC ¥ 1 1A 250 PE 4 4 DG g e il 70 M
i Z) 9% 75 & A B (tobacco etch virus protease,
TEVp) 7] Lk $14H U1 %) PTD ) TEVes #22k, EL
Yo i 58 5 2 M PTD W70 B ok, (6 3 4 T P A .
BN T RasE £k TEVp 40P 2, DAFERE T
A P R R R PROTAC 5 35 1 58 1 1. 1%
H1BA &4 PTD 45 N\ 55 — Fi # 1k A/Puerto Rico/8/
1934 (HIND) ¥ # (PR8) MIMIE A H, @
41 H I AR RN, (cytopathic effect, CPE) il 52 Al
R R, RIS B PROTAC % 5 #k
MI-PTDPR8 4 # & FE gk 75 . &2, #l & 1
PROTAC Ji & A LMK 5 15 3= 40 il )02 AL AE AL
Y1 i A v R R, AT LR AR 2R 1K TEVp M40 i
PR v A5 5 2 00 B 2 2 Ak DR s s S B Re T BT
PROTAC %5 # 7 & A 1] 3 78 73 9855, H g 5] kS 9
R 28 TR 4 i S 28, o [ 050 R S 050 2
BRI AE T Z R (E D,

DA 773 1) £ 5 1 1R 40 Al P 2 o H A
MEREEHIRE S, HEETE AR T A RS 3 P

TEVp cell

PROTAC virus

XeREUTER AR . 5006 1
T iEMEE, PROTACHHR SR B AR T
— PORRRE IR R T SR, R A% bR s B B
HER R BTG FEORER RS T, DAlEED
JoR B ) AR BEE T o X R O VR AT LA R R R
i1l 2 B FE DR MR . JE i A AR e IE TEVp I
SRR LE PR EE I A, 7R OEH 40 M R IR A 1 R AT DAAE
B AR TR AR 28 v I, 3K B AROR T XS IR
7R . Nk, S8 FEA %
FALL, PROTAC i 2% 11 il B B A BH m 1 2 41k,
BRI RE AR TR 21 M R IRAT S5 2 EIRAT A AT
%o SEhr b, AYFZ PTD A T4 i PROTAC %
&, WAEANZR-EABKRGPTCERIT
600 £ > E3 iE B2l . PROTAC ¥ 14 £ A 1 3
1] B 2 H 5 R AR AL 1) R B AT 9 S 9 T R 2
(]I — AN BB, 23X A A — AN BT AT -
HHT, — oAt OB 0 & AR RS
IR NR . IBEEARSE R RS CHH TR
RSl 5 N e ad TR N Y T e NN =
B ) A AR B WA SR B LA Y, IR A
WA 7R AT AT DO %2 4 py FLAth (1) B fif i i, A
HIBCH G e AT . A R R HL AR PR A
RHIIR BE G B, AR SRR BRI P K R BRI TR
),

Broad immune response

Against homologous
and heterologous virus

Highly
attenuated

N— TEVes

Conventional cell

[Proteasome-targeting peptide|

Bl1 PROTACHH BE2E 7™ R Gt A S 5 1E B/ 35 3R 4R 9 I s & ]

Fig.1 Production of the PROTAC virus and its response in mice/ferrets
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1.2 FHSHERRRS

Buskirk 5 ™ JF & T — M ET N &k (intein)
0TI, BT 433 E2S (4-hydroxy
tamoxifen, 4-HT) )45 & A A& H BI¥E,
15 8 R M DhRR AR T /N7 7 intein 217 T 15
FEARTE—BEANTH, B3RS MEE BT
PRI, AT OB e £ . 7RI R
dr, HAERR AN EIK Cextein) BI1E 322 E R 51
P00 B e T R R R R Ok . AR IR E B B
B A% H s 4 K 2% David R. Liu K BLHY, David R.
Liu "6 RecA P & ik 45 44 9 (1 9E 2 75 15 AL TR Y
DB DX 388 4 o N 10 I 3 3R 52 MR T A 4 A X
(estrogen receptor-ligand binding domain, ER-
LBD), £3 %N if 8 £ [X -ER-LBD-C ity B 2 [X 35 4
FIkE & EE, ¥ ER-LBD A 3 RecA A & ik
AR B BB . 24 ER-LBD 5 s sE AL 1/
ST AHT 4G5, 5 12 8 R A KR 1 % 5
A%, $iir ER-LBD B N A dii A C AR i 22 [A] ) 2R B
MR AR A& R BT 2 . Peck 25 ) [t & BB HY
37 °C T 5 A 4-HT WMk N & 7 37R3-2, HAE
WF 7L, 200 470 240 i r 2 B0 Eh B v ) BY 4 B 1 7 AR
UNIEEPSTY L

Chen %5 " R FH N & Ik BY 3R H0R, R 2
7G> 4-HT 56 B 300 BRI B TG P 1 o 751X TR
Fur, 4-HT 5 (1) 75 2 K 37R3-2 N &5 ik il & 2]
J7i 5 PA J7 51 28 218 M B W 2 F R A 2, FRON
S218 Wi . MlA P2 Ik E] PA ¥ 41 1) S218 9 #: R AL
MRS BHIETE [ TAV () IE RN B A2 2% . i DA 6
T4 N A5 K S R T B £ Hb B SR PA R (1 ZhRE AN
K Gy 4-HT /N oy I B Y7, 4 intein 36 A
PA F5 [ 1G5 il B8R A MU X 3% . PA B
Xof T 1 7 7 5 DR 4H G S R B S AR R L B
ERT, PAFRANW MG, fE6= 4-HT 50T,
PRI IEE AR E G . NG A 4-HT (01
BN 4-HT R 10 8 & IR 2R B BT 42, AT K
BEPAERAWE LR, WA AR HENE
fil. 7EPAYFEAL BIfH AN 4-HT KBNS T 5, 1@
o AR R AT R A . HR R,
S218 ¥ £ 0.5 pmol/L. 1 umol/L 12 umol/L 4-HT
AP N 293T 481 (human embryonic kidney

293T cells, HEK 293T) 1 MDCK 4 il 7 o M 2 %]
YHMIEETE. S218 0 FE/EAFTE 4-HT B R I H 1 BY 42
WEYE, AAFLE 4-HT 115 BT 2 0 H AR BY 8208 1%
4-HT fEAE R LT W52 2 T AL 9% B S218 I 5 K
MM CPE R/, S218 0 F K T J& — > L 7
BRIE R, FLAEZ9 100 nm, 7 55 001 ) 6 5 45
g el W, H5EAER (wild type, WT) IAV
BERL T IR /ANF AR AL, I £R B9 05 25 BT A 1 4R
FURBTE, AR 85 0 2 HIARE T 4-HT 2

S218 9 N A E4-HTHE T, WEKKRAHE
B, PATEVEVK S )G 7 e 4L B 0E I AN Th RE PR 1Y
TAV 5, B DU Py 2 ik B 874210 07 30T DU 47
by 47 )5 B 10 B ) DURIE 22 4, R A 4k Rr s oK
1) G 92 JL P DA PR A R o 4-HIT 4908 P 9 25 75 44
HNFIAAR PN E LA e Y BN RETE A
AN SIEON B T 4T i 7= AR 5 2 ) S R S IR
M REAE /N B P 51 R OK T 22 FF AR . 6 AN
o PR S, AT R[] 9508 B A Bk B A R AR
(B2,

T /N o3 1A P TR BT &R
Guiil &k R I N B ER, AR RG
B ROR 2 A AR A, RT DL SE B S B ) A R
A= R, NN A ROsEE 15 2 T iR i
ERHEASARHE, TS SR EE LA K
VR EE R A T G, ] AR 9 RO T K
R FETAT I s ity 4 T

1.3 BTFNEHRRS

F#ZFE (interferon, IFN) RGN EEHAF %
PE (V) 5 A R 4y, TR A g S8 B
T LM GE . IEN AT DU HER SR 40 ] (dendritic
cell, DC) ML RRE . FUUAR I 56 RIS T 41 i
MR A5 5 Ak 00, A, TEN G 25 45 5 2 14
HIEN . (EREREE AL b, 3w AR AE 2 AN H IFN
BWosmgs, DB DIfERES E R RSl Hik,
U B FRA TR 55 7 S BT IEN (A7 2504 T RS AR
LR AT, Ad L X IEN B4, AT a9 7
S, A R R A IFN B R I, 3T N
a2 AP H A R IF R T B AR L . Du
At oSt R 5T R AW SN/33 LB kR N, 454 v
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4-HT(+)
Production
—_—
G
Infection

Conventional cell

4-HT(-)
Production

Infection

Conventional cell

4-HT-dependent virus

/

Human nasal epithelial cell

Trigger a robust innate
immune response

N\

I\BALB;‘c mice
\ A

Elicit robust humoral, mucosal,
and cellular immune responses

2 A-HT R R 25 1l 4655 YA A S b7 = A

Fig. 2 Production of the 4-HT-dependent virus and its in vitro and in vivo responses

I8 B S IR IEAR HR A AR PR (next-generation
sequencing, NGS), ## . | —MaH HlfE 1 R
GUEMS Y. 1% G ] UK U [F] D % e i
HEEHA R FRIIGE. R TE, #TT
LB B IFN BUBRA S (1 A SE R 2 i A, i A
I9F T 4046 T IAV 9 PB2. PB1. PA. M1%Z£ A
W EE R AT 30 MLIFN A7 . SEFAERM L, 6
8 AN SRAR W A N T IFN MU M, L 6 AN LA
(PB2-N9D. PB2-Q75H. PB2-T76A. MI-N36Y.
M1-R72Q A1 M1-S225T) L i IFN-B 1 IFN Hil i =
54 (IFN-stimulated genes54, I1SG54) &k,
F U IFN A 45 K 3 (interferon regulatory factor 3,
IRF3) Witz Zfi. ok, X 6 AN RAZMRLE IFN 53
B BE R Vero 41 i H xF TFN AL BER SO . SR, 5
HAPIAN A4S (PB1-L155H 1 PA-E181D) & H %
FH G IFN =42, I HAE Vero 40 i Hi 75 9865 IFN
R, 3 B X e 5 O] B S MR TFN 7= A2 1) R i i
o WARKERRLHTMESFIDRAR,
HAEEFNGEMERB A fril, NE KR
FE B v R AN B TR BUR K TR F T4
PE, TE IS S5 R B B (0 S BE ) 1R
T, WEUEZMERELEFZARE. T2
fATTE FE T 3R B 8 N R A, AR B
LRI 6 F T EFHFRAE [3FPB2 LIRAE
(PB2-N9D. PB2-Q75H. PB2-T76A). 3 M1 |

1528 (M1-N36Y+ M1-R72Q FIM1-S225T) ] Al
AT BA S H 56 E L () NS 1 W848 (R38A FIK41A),
MET “ETIERBUE” (hyper-interferon-sensitive,
HIS) i P,

ZEEARTE 2 Fh gl i R AN BRI R
MEBRE S TMEFZMERE . HISTEIER DR
it 2L 2R 9 3% A 51 AT ] i 0 B R S RE R B,
ARMEEREES, RIWEERRM e, R,
ER DM TR R B, IR SR
UM T A SR, 51 R 5 KRR 22 B AR P AR Y00 RD 248
T, FHAE /N BRI 5 v A ][RR A S VR 0 B
Vb R . Bhah, HIS ARG 25 5 K 41 A
SMEGIEE, ELTIMENBEL T 58 ENE
filae = m P

HIS J& H 3 7 i B A/WSN/33 95 75 3 K 41 11
8 JoRL J2 M8 A% 22 G ) 3 AR SR ST B, AR JE N
S B AR U 1R URL 5 At 7 A G R B A Y5 B 2R
E BRI A gy, 7R N JIG B 293 T 4H i Hh 3 2
BRARCE, AE Mg NS 5L b R 40 M AS49
MRS T TE R RO, R G %€ IFN i
FIhAE PY. R, HIS (R 2 YR AT N IE
HEMME M HZ 2R ERET -1 E
FEHLYE . K PO v w1 R S R A
55 G0 T 2o A SR AR B A DG o, A
HXTFIMEBUR, TR R E 24 H R



%£5% www.synbioj.com 273

HEZY, Oy H AR IR T AT SR A TR
I TVE

2 I EEAE IR S i A

Ji IR e 5 VR T 2 T JUAE B S A R, JE
HTBE LA B TR S, UM O R O MR 4
R 1A NI A A . TR
7V A S IR IT — R, AT BLBOE N AR S RN
e — P A PR AR T TR . 24 N1k, WA
B TR 55 R vEE A i B — A
& 5T I vi B 1V 8 3 B Oncorine (H101), &
[ £ 5 25 i i B 4 LR (China Food and Drug
Administration, CFDA) 2005 =itk F T Sk 20
A e I AR I B, JLB MDY E1B SRR
E3 #4355y G — AN R R T a2 i 7 1 8
[ &5 R 2 - R 4 i B 7% R Rl 1 (granulocyte-
macrophage colony-stimulating factor, GM-CSF)
(F1 58 AR VAR 93 # T-Vec, 12015 4F 10 H 7£ 3%
43 FDA fE#E A T B A 308 . 4 % Oncorine
A T-Vec —F, Bt AERA I B H K 4 A i AR5
T VIR BE O RO T R TR B AR AE T k. BEE
AR PR AR AR B A J AR g 5 = [l Dy e A 45
R TR AN BT 388 0, o T A &5 4y ] 2R HL 3 R 20
A AR QAL BT A E TR R R R,
AT A A 7 S AT, RN R, LA
a5, NEA 8N E B BLHI RNA G 75, il &
A ) 2 M B 1] 388 A% B0 TT LA SRAT AT i [ % i %
BRI E AT . A BE T A 2 ] TR T
I 3 B B i V6 R 4 I I 2 L R AR B R A
FERE T, RET ISR REPUMB IR T 0 X
SR IATT, A a4 2 A VAT RO R
O B AT DULVE NV R S I AE I . Bl
WAE R, CfF KEMHFTEZ BRI
IR B 0 R O 3K R T e S5 MR B0 R ) L
ALK AR Dy 75 988 0 75 AE Ji 83 ¥ 7 U E A SR
PERIHEE .

21 RERSERSHRETIINA

R R i B AR R R AN B 1 R R R e

FEAEE Y/, 4 0RO FR I A A S AR
AR 21% 7 B WA VEAL 5 A B 1AV
X P 2R R i A% 1) R R G B R Ty, R R
FHA L 2K 2 5 (immune checkpoint, 1C)
O A nT LSS SR 46 TAV 35 S AR . 45
BRI, HxE/NRML, B16-F10 % & FHH ik
T/ B0 TAV BB 1 S S SE o, I ELVBR 1 iR
HH G Mk 200 6 AR bk E 2 P S Ak R R . F
FOEH & AV B G B O R A AL 1) /N R, Il 2
b (B0 R RN 50% B E . M IAV SRR F
PEIET %244k 1 (programmed death 1, PD-1) XA R
FHBS, 0r il il 8 SRR SR AR [EI3 () 15,
FIE AN, BB R R ISR B R T IR
T T-VECHiEt. T-VEC X 3 #lim PR 50 16% HIHF
NG R AN L ) AR K, i T AN AT DB
1 3 30 4 01 28 € 3008 S IR IR T s AR
H #T % A B 72 % B T-VEC ¥R 97 7T LAk /D> 9 Ik 28 &
TOEARRORBEY, SR eKRORBER
Je B H W AR TR TR L, R
TAV X} CL & A Ml &4 8 H Gk #4798 A OV 3 (1)
M R RSt 2. TAV Y B16-F10 B0 8
i 5 # e /N RN S BUE R RAE T, 6 33
SR B SO,V R R A T G A
FLH R o 22 4 i R 3 1 2 4 R S SR T T e
PG R
REHATRIL T Z /Mg &AL, B T4
i 1 8 E B B 9T VA I R B 3k ) AR B AT Bk AR
P R T AR SE T TE TAV B 5 T
SR R A e, WA T — R I A T
J BRI /B9 B (chimeric antigenic peptide influenza
virus, CAP Flu) Sk N0f B (5 208 it 7% . @il
N 44 ak B2 R % B 7 (premature termination
codons, PTC) % WTif/BJi 7 A/WSN/33 (HIND)
o PR AR RE R R AR PR R EE TAY, HER
G R CpG AR BRJ5 , 19 5] JAV-CPG. R J5{E
F il Ak 2 R A B ¢ R BR H R B (Ovalbumin,
OVA) M BI/RTETAV-CPG I, {3 CAP Flu. iX
it CAP Flu7E PTC AFAERITE DL T, 4R BT & 1L 55
(I H], UESE T CAP FluXtfg Z4nr < atk. 1
BRI /N AR O OVA 5 1AV 45 5 1
E bR IR R # SN S 2R, e F
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(a) Effectiveness of LAV alone or combined with anti-PD-1 on the pulmonary metastatic melanoma
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o 5 Robust antigen uptake by dendritic cells
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%
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(b) Effectiveness of CAP Flu alone or combined with anti-PD-L1 on the pulmonary metastatic melanoma
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Fig. 3 Effectiveness of engineered influenza viruses on the pulmonary metastatic melanoma

Je A G B 40 M IR IE G N . S B IR EE
XA AR BEAT B R A AR & T4 DC T
JRAGHL, T BARME T P05 4R SR R R 2, B
HEE, ERIMEN L T DCEIEM CDS™ T
YL AE SR B Y BT SRR R S TS
JR K55 4 B PTC ¥ 25 &5 15 RE 1% & 25 15 3 S R AN
3N G N . TR TAV AT DA AT f] 8 i 1)
iR T B SRR AR AR T . AR — R A,
CAP Flu 7E fili Joh 87 b TAREAL ) 26 R A HURE 7 I SE T
AK-FEAA 1 (programmed cell death-ligand 1, PD-
LD J&, #— DR ms G, AR
FER, WEERE R IR, IR K T ANRAEAR
B L3 ], I a ksl 3 R R
AL G eI T LS it T — M SEmg . BT A
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