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Abstract: Objective: To prepare a novel recombinant vaccinia virus carrying CXCL9
and IL-7 double genes by molecular biological method, and to preliminarily verify the
effect of the recombinant vaccinia virus in infecting and killing gastric cancer cells by
in vitro cytological experiments. Methods: The recombinant vaccinia virus eukaryotic
expression plasmid pSC65-CXCL9-IL7 carrying CXCL9 and IL-7 double genes was
constructed step by step, and then the vaccinia virus strain was recombined in
eukaryotic cells with this vector. After repeated screening and purification with
limited dilution method, purified recombinant oncolytic poxvirus VV- CXCL9-1L7
was obtained, Then, the recombinant oncolytic poxvirus with high titer was obtained
by infecting HeLa cells to expand the culture and using cesium chloride gradient
centrifugation to concentrate and purify it. The recombinant oncolytic poxvirus was
used to infect human gastric cancer cell line SGC7901 in vitro. The infectivity of
recombinant virus was detected by TCID50 method, and the concentration of CXCL9
and IL-7 in cell culture supernatant was detected by ELISA. The cytotoxicity of
VV-CXCL9-IL7 to SGC7901 cells was detected by MTT method. The effect of
recombinant oncolytic poxvirus infection on cell growth was detected by cell growth
curve method, and the changes of cell cycle and apoptosis of infected SGC7901 cells
were detected by flow cytometry. Results: The recombinant oncolytic poxvirus
VV-CXCL9-IL7 was successfully constructed, and the production and release of
chemokines IL-7 and CXCL9 were preliminarily verified by the detection of the
concentration of supernatant. The results of cell infection intervention showed that the
Killing effect of tumor cells in the VV-CXCL9-IL7 recombinant oncolytic poxvirus
intervention group was significantly stronger than that in each control group, and the
tumor growth was significantly slower than that in other control groups. The G0/G1
phase ratio of cells in the oncolytic poxvirus intervention group was significantly
higher than that in each control group, and its apoptosis rate was significantly
increased. Conclusion: In vitro cytological intervention experiment, VV-CXCL9-IL7
recombinant infection has a strong anti-tumor effect on gastric cancer cells, and has
potential clinical application value for gastric cancer, which can be infected by local
direct drug administration.

Key words: gastric cancer; Oncolytic poxvirus; CXCL9; IL-7; Bioimmunotherapy



http://www.biomedrxiv.org.cn/article/doi/10.12201/bmr.202607.00010
BETRENA CRAFATIFE) PEEIIE 1Z SRR, biomedRxivilfa K APREAL. (T ARG R IFATHER A .

10.12201/bmr.202607.00010V1

5 o 7 2R ST DX R 26 B U T AR A s (R P IR, H T A B AR A R
BAR, HE B R E R R, BAa T IO, IR U AR RALT
30% "o ER T H K LA I PR R TR A Sk B U P e v T AR B A LA A
YR EE/NNRTT 715 . AR ity T R A tRidUR R BTG T 771, BRI T
B9 (R 2E W S 5 VR T R T AT B Y, CAR-T 48 2508 4 v 97 AT A PD-1/PD-L1
FHUAAER I S eiar 2 s SELTVR T B 2 f BT 70 BOVR YT W o 3 AN SRANT 5T
PRI AR T R TR G e A B RS M AR, R B LA
FIRIT TR T BRI ) B TR ST VAR e B N R R AL A, X
R SE R0 PN T B AR DR DNA, K] 76 975 2 I S e 4l A v] LA Ik
HIRTT P RE K H AR, T L8 H 737 AT AR BE R F8 A AE SR A Bt iR S 2 i
W, BB R G O SR E AR . IUA IR R SR A IR H
DR Py 0 2 VR 9 B 0 % 2SS M g AT L IR R, R, FRATTE AT 5
A T 487 B T bk EL 4l i A0 IR 7 CXCLO 3 [RIRM 58 1145 T 4 4y Th A 1
R T IL-7 BRI B RE ER T, B IRIE 7 ARSI T B g
FATER, At b NIRRT FEAl . AT 78 AR B R B 2R W B 1 o,
WP BR . A GRIERIIRAE, B 2RI R m R R A A
JR I T B VW -CXCL9-IL7.

Eﬂ?&ﬁ!ﬁmﬁlﬂﬁ&iﬁ‘ﬁ&ﬂﬂﬁ

W-CXCL9

casEE
- scaE

s e
Construction Experiments

@ @ o o & @-

- g
- REEE

PEI1 4857 CXCLOAN TL—7 X0 35k [R] 1) o 2L VR e o 5 1 5 B SIE B VA
Fig. 1 Preparation and experimental workflow of recombinant oncolytic vaccinia virus

carrying CXCL9 and IL-7 genes.
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B 1 VV-CXCL-IL7 5 4 1308 i 70 74 1) 4% S SRR FEIT () 26 o (A)RLAA 2B BL: 383 PCRY 14 A pDONR223 #5445 - 3R HL
CXCLORIIL-7ZE [, MU N pSCO5%k A, Lg% 52 R 36 1 3545 pSC65-CXCLI-IL7 AL (B)Js # F AR BX :
FLipofectamine2000:4%- 5 £H Ji v % Je CUR YL BF A 10 75 T HeLaZli i, SEIRRIJSEH A (O FfIEAiALI B : @il BB
BRIV BT e SFAF AL EALR T (D) HIRAEPN B IR YeHeLladi iy )5, S LHBEREE .04, (E)fsbst
IR B LASGC7901 B4 My kA, JMidTCIDS0. ELISA. MTTHIZ AU AR S gLt /1. A FRiL. A
M e SRR S o .

1 AR5 2

1.1 #kl: CXCL9 ELISAK IR 77 & (AbcamA &) ;  1L-7 ELISAK MR 7 £ (Abcam
INT]), pSCO5YE T B FE RS HAR T K (BioVector JFURLERMA B MRk 40 iy & A ik it
DR 0) » JE B BEvr—31258k  (BioVector JFURLAR A B k40 Mo 28 1 Hiik 3L 4]
R 0) , A N CXCL9 cDNATEFEpDONR223 ki, & AIL7 (NM_000880) cDNA
S pDONR223 KL G R E M A F]) 5 ipofectamineTM2000 5 5 4% GL 177 &
(Invitrogen AW]); FIRMRAEMENTIBENINH KEFEEY A7 NN H M E
AR5 B ( db3Solarbio Aw]) s N B BEAMIFLSCCTI01 (L3 E ARFBHL K &
ARAT), NE I RHeLa J & 524 KT BEDHoa Bk i b A R i
AR 28\ B h VAL BMR AR . T A A0 R TSI, HER. B
B R ICIDMEMES TR h o 4 SR8 T F v [N BRI 45 I e 25 )\ = 2

AT .

1.2 J5i:

1. 2.1 S H9 25 B 1K FURE pSC65-CXCLO-TLT FMIZE : d M2 PRy e iy 7
125 LA pSC65 Jef 1y Ik 15 4 18 BAAR B At oe B N\ CXCLO AN TL—7 XUHE R Bl B 20 0
I 75 HLAZ R 1K FURL pSC65-CXCL9-ILT, A CXCL9 A1 IL-7 & [Al cDNA % & pDONR223
JFURE N REAR, M 50 i O LB R AT 2 %6 PCR S B4 M AH . B ) e 41, 18
A6 Ja s CXCLY A1 IL-7 P A1l4d N\ pSCe5 #ifk, ZlgV). 4% MK imik a3k 1S H
R FORL, BRIy 15 %6 LA pDONR223 J5URE (5 CXCL9 CCDS H HYHE:E Fr51)
AR, FH 5140 5 ATGAAGAAAAGTGGTGTTCTTTTCC Al 3' GGAAAAGAACACCACTTTTCTTCAT
P14 CXCL9 CCDS 541, PCR JeMifAk & 50u L:10XPCR ZEHK 5p L, MgS042u

L, dNTPs 5u L, Bi#/ TFi#514 1y L, KOD plusly L, FUkiAE#R 0. 5u L, ddH,0 34
U L;PCR SN2kt : #iAs % 95°C 5 min;94°C 20s, 55°C 20s, 72°C 90s, 25 M
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W fJa T2 CHE 5 min. WEFY) pSCE5 #ifk, SR )5 7 K I e N B, #4
## pSC65-CXCLI H A Hfk, HEH g =& &2 4 DHba KT 4k, &8 100y
g/mL B A F I LB SPARIRE ; B PCR %8 5 FHE 74 SR T 7% PCR 7247
BT P4 %€ . 4k F 514 5 ATGTTCCATGTTTCTTTTAGGTATA A1

3' TATACCTAAAAGAAACATGGAACAT LA pDONR223 JFtkir (45 TL-7 CCDS H % FF51)
R, §HG TL-7 H IR P 1, PCR e AR 28 Je sk A TA] o B 1) pSC65-CXCLI
HHBAR, 7N IL-7 HIWEER T, BG4 Diba B2 KT i1k,
228 100y g/mL ZRHUAERK LB ~FA ik, SNH] PCR 4E5E IR V&, KA TR
FRBCAF SR BUTUR B J5 6 pSC65-CXCLI-TLT kL 43 Sl4T P U U) 4 52 , Wit 1)
AL UG 8 9 CXCLY T TLT i NF A PRI 42 67 2 o X XUl 1) 458 5 W) - P B 12 1R 7
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Fig. 2 Construction strategy of the recombinant vaccinia virus transfer plasmid pSC65-CXCL9-IL7
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Fig. 2 Construction strategy of the recombinant vaccinia virus transfer plasmid

pSC65—CXCLI9-ILT.

2 pSC65-CXCLI-IL7 20 UL 11 43 5 A SR M o« (A)CXCLO BE[H 4. DL pDONR223-CXCL9 MM, A FH e 571514
(5'-ATGAAGAAAAGTGGTGTTCTTTTCC-3'Fl 3'-GGAAAAGAACACCACTTTTCTTCAT-5") PCR 41 CXCL9 Zwhd /341 (~400

bp), ZXEEYIJEE M EME: (B) P A CXCLO FrBedfi N pSCO5 #ifk TK SERIFE, H#9%E pSC65-CXCLI Hhfal#k 4,

LB RN FIRAL; (QIL-7 FEN 1. Bl pDONR223-IL7 JBAR, 6 514 (5'-ATGTTCCATGTTTCTTTTAGGTATA-3'
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A1 3'-TATACCTAAAAGAAACATGGAACAT-5") "1 IL-7 J741] (~500 bp), AEGUIAEE; (D)RUIERBAAME: IL-7 F B
N\ pSC65-CXCLY, LT MBI & (43 BIAE CXCLO A IL-7 4 A7 [8)) M S U6AIF , K5 24 ik pSC65-CXCLI-ILT .
HAN A R Rl R s B 2 A A B R HE U 454 (TK-CXCL9-IRES-IL-7-LacZ-TK) K& 3l¥ 77 .

1.2.2 g VWW-CXCL9-TL7 EAG w75 : LA 6 FLARGEF Hela 40D, 597 2 70%
ICAFE, gk LLARE RS F2 000 2319 £ 24 MOT=0. 05PFU/ 4H fd /& JL 40 A 2h, T f5 LA
Lipofectamine2000 fii 5t /454 Gy i) & 44 FUkL pSCE5-CXCLO-TL7 ¥ 4L 4 iy, Ak
AL I Lipofectamine2000 i B 4% Guiaksi & i W HEAT . 37 C, 5% C02 K
FERPIETE 4-6 h R T ARG IRILARELRTIF 48h. T3 B B T SR,
L2 DR 240 LA R A o B R R, SR FH S B B P Dok B I AL
FAAFEFEAS RN WA E RIS O T RO T, R T
VE, PRI E R TR A MY TE, SR EEWR, KIKE T-80CHI 37 CRE
RR 3 R A FERRR P iR E R P A, K PR B R R AT B R, IR L
THWB BT BB = S % IR BN PO rh, AT R R RS0, T
M58 B BERIURL T VA T o T J o P i 76 B 2 UKL T VB A T IR A8 i DA S i
JE, 3BSA VV-CXCLI-IL7 25 v 2 IV MRORAE T-80 "CUKAEH 4 H .

1. 2.3 VV-CXCLO-IL7HRAME YL B A0 ML RE kil SREXTCIDso72: 5 B 20 s 75 /%
GuRe g BARUNR . 7R B0 i FHMEMRER BRIV E B LR 105 MR o M BEIF 1009
B RI96AL TR, R R, LS9l fEALEERI00R] . 7R
FLANN IR 1000], TAEEAN M R IA B3 X 104N /ml . BEIEH Xt L, 1EH 40
A FEAE B UHE (LOOMIMEMES F2 7+ 100 NI BIED o ELL WS Hic g 3, W
SRTH B B T AL . S5 R, $%Reed-Muench i [T 5 .

1. 2.4 VV-CXCLO-TL7HR4MEK YL B 40 ™ A CXCLO L TLTRe Skl DAL i) =
I BEVV-CXCL9-TL7 BPAVVIR AL N B 8 SCG790 141 g 2 60h Jim 125 L2 73 & 73 il Wi
S RE IR FIEMAIMTTIE . YOEY) AAR B ER /K pPe3 UK 5 LSO mg/ml EL ol i AE
HER K, 4 TG T 7070 0T , WTEE 35 50 N S e # NEPE T, ££4°C (30001 /min)
BG020 min, WSHE BIEWR-80°CORAF LA AN . ELTSAK I 455 77 i Aam i &)
KA CXCLOAMILT BJZRIE KT, I LAIE & 5577 B AR K ALSCG 70 14 g = 0 i .

1. 2.5 VV-CXCLO-IL7 1RAMX} B AL A D5 A KA MTT EEthid, et
AT 96 FLARCH, BFLLY 1 X 10" MM, 5557 24h J5, WCEEAIMAE A0, 4%
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NIRSELIG S HIAAFH 7y, HHERE 5 MEEXE. A 4. VW-CXCL9-IL7
(100MOI) +SCG7901 4l (2X10°/m1); B ZH: BfA VW (100MOI) + SCG7901 4H
fl (2X10°/ml); C4H: S5EEAFEEH K (NS)+SCGT7901 4 (2X10°/ml). 4HME;
7 72h J5, BEALE A 30 1 MTT (5mg/ml) i 4h, W2 EiF 5 L0 DMSO 100
M1 IFIRPE 30min, FHEEARCIIE, Ry 590nm. 4% 2 it H R %

LA, AME
FHEMNESL AE

I =[1- 1 X100%

1. 2.6 4 AE A iR FF SGCT901 AHALL 1 X 104/ FLEEFH T 96 FLAK, K537 24
h JE 2 SE6 AR ER . A 40N VV-CXCL9-TL7 (100 MOT), B 4LIIAEFZE VW (100
MOT), CHIMAZREAEIEK. 25 F 0. 1. 2. 3. 4. 5. 6 KR4I
TS HIEA S, SRR, THEA AR
12,7 Ji QA PR A2 A I 20 il F S S A T o 78l A s 3R 0 ok LR %
ZH AP S A R 7 A 700G 5 4 FH G LTS B 95 B R R R e R DAk, 4k 2k
Fr 24 /NI A 4H L A0 DATE K ZBE B E ARG PT Bets 30 40 E B =4t Ak
R DU B B . [RIRE 5 S E DA S 4k S RE % 24 /BB S A 4 TE K S B PT
AnexinV-FITC MGkt f5 by U ok I 4n Mo T ol . RRdH s 5 AN
S0 TP I E AT LA
1. 2.7 Giih 5 hb 3

FI R 3 J B — R 3R 07 2o S Tk AT Gk 20 i . BT A 8dE R A
SPSS 17. 0 (SPSS Inc. , ZIaF, fAAIVETM, SLED Giit B adtir 704, P<0. 05
RAA R F R ZER

2 R

2.1 HEHAFUKL pSC65-CXCLI-ILT HJ2EE WM EH pSC65-CXCLI-ILT AT P X
W) 5E 5 43 BIFRAE L pSCE5-CXCLI AT IL7 254 & 2 2 % pSC65-1L7 A1 CXCLY
%, BAA LT O NALE (B 3A). TR R 45 B 59 H 3L A
CCDS 58 4=W) 4 .

2. 2 VV-CXCLO-IL7 fAAMER g% B A e uha g R 315 B 22 a5 7
HIF R aE R, ERRGYE 30 /N2 4 m] DR B S B, gE 7 Hvk-$iokfL 48
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B BE T BT BT MR, 3@ Reed—Muench 7 EGVE A it HA45 VW-CXCLI-TL7
SR YL B SCGT901 40 f¥) TCID=1. 34X 107/100p 1, B4 vV J& YL B 9 SCG7901
YHALFK) TCIDs=1. 27X 10"/100p 1 (& 3B).

2.3 VV-CXCLO- L7/ A Y 5 Ja 41 g r= AE CXCLI S TLTRE IR - 4H 40 fa 15 7%
B TL-TAICXCLOWK B 22 S I W1, oy, JRRGLVV-CXCLO-TL7TAL & 3 T H e
FH (PC0.05), HINHAZ MR EZER, HASHRTLREEZR. &40
HI5I3% AR TL-TRICXCLOIK E = A B, SR 5 G REER—% &1, K
3C).

F 1 RGN L RS2 h Tk bt

Tab. 1 Comparison of target cytokine levels in cell culture supernatant and cell homogenate of

each group (x=*s, Pg/mL)

KRR/ 4A5) & TL-7 i% CXCL9 MK TL-7 SIS CXCLY
43.66+7. 27% 77.68+£13. 11 127. 45431, 32 179. 54442, 66%
VV-CXCL9-IL7 41
+ + + +
W Y 4 6.68+1.55 3.42+0. 54 16.2243.17 18.57+1.47
5.36+1.04 5.5940. 42 12.87+2.46 13.39+2.79

A YL SCGTI01 4L

RGBS HNMHEI A BEZER, PO.05.)

2. 4 WW-CXCL9-ILT7 fAAMxf B e di i A =AM 5L A 24 VV-CXCLO-IL7 A An4l
XF SCG7901 4HMIkR RGN 43. 4T+5. 51% 8 F T H AR KHEA (P<0.05), H
BN RERT C4 (P<0.05) HAks: FILE 3D,

2.5 N BRASZAS DU 4 ) B S5 R TA5 S A 2H VW-CXCLO-IL7 A4 gu kb T
GO-G1 M40 M bu s o 2 v T HAR 54, AT G2-M M % S HAM 41 A bb 51 S 25K
FHEKH (P.05). BALT GO-Gl MKMW LLEI RERT C 4, &F S ¥
(o4t Ao S5 2T C 2 (P<0. 05D A 21 VV-CXCLO-TL7 A% 240 i (¥ 1 1~ L A5
BESTHESH, BHRFTILE L EE ST CH (P.05) (R 2, %3, K 3E.
3F),

% 2 F AL K2

(IR GO—G1 (%) G2—M (%) S (%)

A 5 46. 22 5. 17** 15. 17£ 3. 44 38. 61 4. 66%*
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Fig. 3 In vitro functional validation of recombinant oncolytic vaccinia virus

carrying CXCL9 and IL-7 genes
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B3 VV-CXCLO-IL7 T4 MR 4 58 S AR SN T B BAIE o (A) FLLLTURL pSCE5-CXCLO-IL7 HIREF U] %57 « 43 I3k 15 4k 14 pSCE5-CXCLI
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Supplementary Data: In-depth Functional Analysis of VV-CXCL9-IL7
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Fig. 5 Sustained inhibition and comprehensive effects of VV-CXCL9-IL7 on gastric

cancer cells
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Fig. 5 Schematic diagram of anti-tumor mechanism of VV-CXCL9-IL7
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