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W E: AR §AEAN BALB/c ) R AT i 4 3015 5 8 TT A 3 45 585 J% 2 (oncolytic herpes
simplex virus type 2, oHSV2)#9F 4 af 18] Fu 541 K-F . ) B AR o 7 A AL 4m - B v 4m i 45 7% 4
¥ ) -F (human granulocyte macrophage colony-stimulating factor, hGM-CSF)#9) & i & #= HSV-2 4tk
KF. DNREBANEH G KAAFE oHSV2-Fluc [ K &R & K& B (firefly luciferase, Fluc)], #&
MERAEERATARFFSETNE., R FEKAELTE RS B4 X KM (quantitative real-time
polymerase chain reaction, qPCR)A& M| A /& 2B 4% F oHSV2 A M 4. BaEK % J& R I ik (enzyme
linked immunosorbent assay, ELISA)4& ) f2 7 F hGM-CSF & A & A & HSV-2 SuihK-F. 4 R & 9A
5 7 FLAAT B ARAR R N T AT LA(P<0.01). J& M EST oHSV2-Fluc & A% 44% 4 49 Fluc ¥ vVAZERTY
Y RLERA, TH 1 RBEENEZRE, BEF 18 RIKTAMK, ELRRAITHLEL RNA
A7 qPCR, RB% 9 R&. KA SLAMBLALI AL oHSV2 #) mRNA. 3t i#t4T ELISA #&
o, AR F a4, FH. 1&AHEZ hGM-CSF A HSV2 ik KF B H 4 & (P<0.05), XELILE
9, oHSV2 #t#5 AB M EF 54|, RIAEFNRE FTTHERL, s ZEX0ER. B
WIEH oHSV2 /&, /I R i P A /£ 45 % K -F 49 hGM-CSF 4= HSV-2 4tk
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Replication and expression of oncolytic herpes simplex virus
type II in tumors

CAI Qiying', ZHANG Siqi', LIU Huajuan®, LIU Binlei'"

1 School of Bioengineering and Food Science, Hubei University of Technology, Wuhan 430068, Hubei, China
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Abstract: This study aimed to measure the duration and replication level of oncolytic herpes
simplex virus type 2 (0HSV2) at the tumor injection site in BALB/c mice. Additionally, the
expression level of human granulocyte macrophage colony-stimulating factor (hGM-CSF) and
HSV-2 antibody in the serum was also measured. High and low doses of oHSV2-Fluc (firefly
luciferin, Fluc) were injected into the mice’s tumors to track the change and duration of
fluorescence expression. The copy number of oHSV2 gene in tumor tissues was determined
using quantitative real-time polymerase chain reaction (QPCR). Enzyme linked immunosorbent
assay (ELISA) was used to detect the expression of hGM-CSF and HSV-2 antibody in the serum.
The tumor volume in the high-dose group was significantly lower than that in the control group
(P<0.01). Intratumor injection of oHSV2-Fluc showed that the carried Fluc could continue to
express in the tumor, with fluorescence still detectable at day 11 and declining to undetectable
level by day 18. The mRNA expression of oHSV2 was detected in tumor tissues of both high
and low dose groups on day 9 using qPCR. ELISA results showed that the levels of HSV2
antibody and hGM-CSF in both high and low dose groups were significantly increased
compared to the control group (P<0.05) after collecting orbital blood. These findings suggest
that oHSV2 can replicate in the tumor and sustainably express exogenous factors, thus
effectively targeting and killing the tumor. Furthermore, intratumoral injection of oHSV2
resulted in higher levels of hGM-CSF and HSV-2 antibodies found in the mice’s serum.
Keywords: oncolytic virus; duration; tumor; human granulocyte macrophage colony-stimulating
factor
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SR AT — 8 1 SR BRI s IR g B —
RE A% B8 1) 2% 0 ek 400 i L% 28 A W) R 5
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It FLRRAR S B 72 1E & Ai b i &kl Re LY. A
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HEHE T MRIGRYT o BN TE R LA T
PRUZH AT DU A BRI AR RE IR, HR G,
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R BRG] Lol AR BRI R IR YT
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Ve 98 11 B B4 400 4 92 % 5 (oncolytic  herpes
simplex virus type 2, oHSV2)Jg& ) Hf A RUTIHY
2l 9t 95 s 7 R B AR ks T ok U, 3l e B
ICP34.5U" 7 1CP47!™ LA AR o 26 75 1 0 38 5
Xf IR AN A e R R . 72 oHSV2 HRfi ASPEAL
PRI RT DA B g da e ), Gl A (5 b R
B D B A% {607 2 e 1 A1 7 2 't 2 OB B
P EEE Jh A K PO R Wi(firefly luciferase,
Fluc) 5K 515219 oHSV2-Fluc 7E D-7¢ G EiEh
AIE TR & AP EREBE B ARSI, AT T
LI 75 B FEAILAA g S R P 4 A R4
Ji - B 1 41 42 7% #1033 - (human  granulocyte
macrophage colony-stimulating factor, hGM-CSF)J&
51531 oHSV2-hGM-CSF (fAifRk OH2)FF43-h
) hGM-CSF #] L) 3% i Hit Ji 2 33 2 Y (antigen
presenting cells, APC)[J5:4E, APC Witk
BT g e s S 0 2 g e S T R, DA
R G VAR 7 N TR0/ SN I
oHSV2 BEA RIAYT B L M, B ACALE
T S AR B A R, M NI RS S A
P& R, BB AR A BTN BCR H R A i
ALY, oHSV2 SHUESHTEN o bifk
WS R IT AT LA E SR MR R B, RS S R
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i PG N P, 25t oHSV2 JAYT Y far R
INECR BRI I #EAT B RNA D7, 45

FH oHSV2 BEMSIIG By, fEif CCLS
M7, oHSV2 FIRmAME M40 st T 4
IR B2 8RR 49 AT L A 4 B ). oHS V2
Gt RAE, HAE/N R & BB K
A=) A S R A5 RAUESS, oHSV2 2R 4
2 J5 AR 2 U /N BRI £ 8 A 11 A o R 4%
A PRAEAR, E A IERS TR I AS BEAS I 21055 B2 75 DL
N, [mEE, I REE Bk, oHSV2 FE LA
R TP 2 R A, R RRA BB G
PEH AR R A SIRIT M EA R FAHPY, A
SCiE I EE oHS V2 FE Wi A S 457 1 A2 il 7k
S FFEEIHA] . hGM-CSF Y235 K L I %
F& HSV-2 $UIRRBAKN-, HAEH T EMIL
PR AR

BB %

1.1 AR KF
1.1.1 LIz F0LH AR

56 HMEPE O R E i )4 (specific pathogen
free, SPF)Z% BALB/c /N, 6-7 Jil#%, {AFE
(18+1) g, W FHILE LW WL, VT
AES . SCXK (%) 2020-0018., CT26 4y
H A S 00 = 1 B ORAE . T A Bh W S i E A T
By sr il Tolk K= B 3 5 B4 % 2%
T2 AR SE B (HEHES . HBUT20200021),
1.1.2 RIS

JREEIE H Gibco 2~ Fl; D-2CRMERIN A
R REMHARERAE; B4 E WA
POZ=H /v Fl; Premix Ex Taq (Probe)ly H A< v
i) EY R AR ; RNA simple &
RNA 2RO &0 B RARA A RHE db s A R
/N FastPure Plasmid Mini Kit, [ i85
E W A R ME R A W R B 0 A PR T
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HRP-Goat Anti-Mouse 1gG I F I = 8§ £ Y1 H;
ARARAH; GM-CSF PATEERR . W EiR
1CH GM-CSF HygfEHifk & Streptavidin-HRP
W BB KRB (P EDA R A A 5 iR R
2% " W (phosphate buffer solution, PBS) .
DMEM/F12 53R A LI %E AR ; OH2 M
oHSV2-Fluc A SL 5 2= F 2 .

AR SR A A TR A (R A
BRA W] NS R SAR R G A F 4 R IK BR
ety A BRA W) 5 AW A A IR 5 B A
Al ZIREREARYL . m R R O LI H FEER
AR B (P ED AR A A H IR UK AR M
—80 °CIRIR VAR AW A /KRR A F] Pt =
PCR {31 B S5 3% K (b 5O BHE A FR ST AH]
1.2 IWHE
1.2.1 4ApEtE SR

CT26 4l o A S5 0% % w0 O/ A7, 20 855
F: 4 DMEM/F12 (7 10%J8 245 137, K4 i
BT 5% CO,. 37 °CHy S Ak mk % 5= 46
W R T LS AR, AR A A
80%—90% s X 241l it FF1 0.25% B k51 o
1.2.2 zhiiRBEN

FE A e LR s A s b0 BALB/e
WP /N BRI SR T O EOW IR sh e B = N . TR
WFE 1 JEJET/NEE AR AR . UK
RAARLF CT26 400, i 0.25%/BE
Je AN R, ] DMEM/F12 {40HE%
JEHE A 1x107/mL, & F/NRBCF ST 100 pL.
IR Jo LB b e AR AR DL, R IR (KR IR 31 24

®1 QRHNEARR

100 mm?® FH#F/N B2 o
123 MREARER

¥ 56 HUNRUR R 4 HEE Do NS AR
JE N ST 100 pL AS[EHEE (1107 CCIDsy/mL |
1x10% CCIDsy/mL)#J OH2 & 1x107 CCIDsy/mL
) oHSV2-Fluc., *}HEZH(Control)J& NiT: 41 PBS
100 puL. KERGLBIELE N 0 d, T 0. 3,
6 RX/NRIATIENZ 2. 0 d FFREIR,
3 KA T—IK, MR AR (mm’ =K x5 *x0.5,
1.2.4 oHSV2-Fluc 7£ 7 51 BB #5435 AT (8] A 4& )

oHSV2 Fr#H B AMEIEN Flue BRASTE/IN
MUZ N#Ris, 7856 0. 1, 5, 8, 11, 18 KX}
FF 23z B (] 24 K oxt B2 /)N UG /N30 0 35 R LA
IAARE, RO 3 HUNE,  RRIERT R/ BRUIE IR
T D-FEEEMER 100 puL, HEHH(15+2) min 5
XN THA R
1.2.5 OH2 7EFhiEE 53 3L A0 & il 7k

SHWAGE 7. 9 KE/NRIEFTH
i, —80 °CLRFF. fi 4T K-F-FREL 50 mg #
AHTHREUE RNA, B 1 pg & RNA JEf7
BESR N, XPaife sk Yok qPCR #4748
o AR OH2 MM gD Wit qPCR 5l
Y K BEF R BUESI . 5-CCGCTTTATCCC
CGAAAAC-3'; FliEs|#: 5'-TGCCACCCGGC
GATT-3'; #%l: 5-AGCGCACCGTCGCCCT
ATACAGC-3', LA pHG52- d34.5-CMV-gD J&i
BVEMARIES , AR ERZ . qPCR
BAFEARMAT 3 WEAREL, KiatriEi it
SAC R AR N R AR R 4 DL

Table 1 Dose grouping scheme

Group Type of administration Dosage (100 pL/piece) Number of animals
High-dose group OH2 1x10® CCIDso/mL 20

Low-dose group OH2 1x10” CCIDsy/mL 20

Duration group oHSV2-Fluc 1x10” CCIDso/mL 6

Control PBS 100 uL 10
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1.2.6 OH2 EHHE/NEAA hGM-CSF KFE
o opil]

ST RA LR 14, 28 R/NRIETTIR
BESR M, I FEAS 2500 J5 Bl W, A#iF-80 °C
IR VKA H . K63 hGM-CSF 7K 5% FH il EB 47
PEW [72: (enzyme linked immunosorbent assay,
ELISA): ffifil GM-CSF Fyrfshiihh—Hit
PEREHRAR 5 B PAIRCE IS, O 0T R A R R
W 1:50 TR [RIE FHAR BRICRG BeAR i, bR
HESL W IR Jy 300 pg/mL, Wit 2 fEME LR
Fe, ARE] S MNUREEREEE OARIE S, B BB
PR B, B R AR i 5 T I A T A S Al
., T 37 °CHEE 1 h; UERE, ALY RS
ICH GM-CSF HrefEpiiR, 37 °CFHE 1 h; ¥
Streptavidin-HRP L4 1:1 000 #A7# B, MA
fEbrt R, 37 °CHE 30 min; YEHUS A &
A, 2k B 65 AR T 450 nm 3
KM
1.2.7 OH2 ;ESHE/NEIAM HSV-2 Ak 46

Kl HSV2 $iiA7K kA ELISA 7% Xy
BT RSN HSV2 HUR I — BT 1 BighrAi (5 FH 3 A

@ CHIO

KX

A |
[

Blood oHSV2 @ Tumor cell

1 oHSV2 7EMEH EHI RFRIEHEN TS E
Figure 1
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) mRNA
/

AN mRNA - ANV cDNA

EE;C% Dendritic cells A’I’umor—associated antigen @ T-cell

WCEHT, R GRS AR LA 1:100 SEA TG
WikE, It 8 MR, AR E;
We, IMAFIRRBR 1:20 000 FiBERT —PrBiiR
AL Y- 11 2E BT/ B 1gG [HRP(horseradish
peroxidase)-goat anti-mouse IgG]; T 37 °CI¥ &
30 min, FAIAREFIE A, 2k 58 A5 b
PRALT 450 nm PTG (E 1),
1.3 ZitFE

a4 itk H Graph Pad Prism 9 34117
AT, B DIV S AR i 22 3R0R o P ZH 4]
22 VR ST FEAS ttest 40 H7, LA P<0.05 3%
IR WA, P<0.01 £RERWMEE.

2 BERGAM

2.1 OH2 7ETrE /N RARE PRI TR
FEEIRAZIRINE 15 K, SFHRA/NRP-3
R AR (1 986.78+1 081.53) mm®, oHSV2 7
TR PS4 R AR A (184.534308.27) mm®, oHSV2
AR R 2 2 e (A B R (568.534516.36) mm”,
Horp X 415 oHSV2 il i 4 A7 AE M (B 2 1
ZE5(P<0.01), SEEGERANE 2 s,

N/

O Fluc

@ Vascular epithelial cell

Detection of oHSV?2 replication and expression in tumors.
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2.2 oHSV2-Fluc HJ7E A #54ERT (8] B 46
2L /N B IS A AR AR AN TR B ] B
oHSV2 #4471 Fluc £/ EUIE N i 2B 317k
M, RN 3 PR SRR TR N T
&} oHSV2-Fluc )5, Fluc 3[R BEW 758 N+
Ko RIN FI (1458 5 B i A ) () 398 T A
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FEE 18 KREFHOEsR B CARFARMIBR, Rt
HE 2] 89 A A6 DN 1) 2 e
2.3 OH2 M xSRIV E I

qPCR &R IR, TEHAES 7 K¥6E
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Figure 2 Tumor size in BALB/c mice. A: Changes in tumor volume over time. B: Tumor volume on

day 15. *: P<0.05; **: P<0.01.

A
11d
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B: /NI Flue #8565 550 1221k
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Figure 3 The signal intensity of Fluc expressed in mouse tumor. A: The expression of Fluc in mouse tumor
captured by small animal imaging apparatus. B: The change of Fluc expression intensity in mice tumor.
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(779.44+£151.75) copies/ug total RNA |
(160.51+56.23) copies/ug total RNA, %245
559 K, 4l OH2 hRER T, HERKRKF
M(142.03£10.05) copies/ug total RNA, 55205
it R A AG H OH2 mRNA AR IA(E 4),
2.4 OH2 BRE5fF hGM-CSF 7K FHIEN
XTES 14 K F 28 R/NEUMIE H hGM-CSF
KV HE AT il f 5E W B 9 (enzyme  linked
immunosorbent assay, ELISA)K;l| , 5256 25 H
Won, 5 14 KiF, m L ORI E AN U
hGM-CSF 5% B4/ s A e B 2% 3,
TAAER B EPE 22 5(P<0.01), 55 28 KA INIZ,
=W, m L AR hGM-CSF /55
TR, (BB ErEZR, 48R E 5 s,
2.5 OH2 FEMNESE HSV-2 a7k FEHHEN]
XFER 14, 28 R/NRIMIE o+ HSV2 Hifkok
V4T ELISA il SCERZSREN], S5XF
AR, ARG a2 S R 2] HSV2 FiikK-F
R, HYWEERENE2ZES(P<0.05), 45
RUE 6 Fros.

A
* %
—~ 25 |— ok
N | .
N
oéo\)Q %OQQ &&0
< < e

5 [n35% hGM-CSF 7k F

g 1x10° - 3 High-dose group
2 10tk == Low-dose group
g 3 Control
o 6%10%
=
8 4100
j=5
3
= 2x10* |
z [ =
3 1x10 :
=
§ 0 ‘ ‘ N.D l ‘N.D. N.D
7 9
Time (d)

4 qPCR &NFMEH OH2 ¥ DIHRERTE A ZE1L
Figure 4 The number of OH2 copies in tumor over
time was detected using qPCR. N.D.: Not detected.
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ik, AR AF Y TR IR YT o BRI TR

B
=0T
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\ ! >
$ & o
& & <

A: %5 14 X hGM-CSF /K°F. B: % 28 K hGM-CSF /K F

Figure 5 The serum levels of hGM-CSF. A: hGM-CSF level on day 14. B: hGM-CSF level on day 28.

*#: P<0.01.
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6 [MF HSV-2 HiikkFE
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A: % 14 K HSV-2 Filk/KF. B: & 28 K HSV-2 Fifk/KF

Figure 6 The serum levels of HSV-2 antibody. A: HSV-2 antibody level on day 14. B: HSV-2 antibody

level on day 28.
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REMIRYY , Bl 2 B I A Rt PR a2 25
XL T BE BT R

B oHSV2 FEIGIRIGYT AT R BLH 1Y
TR, A —F A I IR YT ™ i
HETE AT oHSV2 dE AR, FTiRI7 R
I, SR, oHSV2 ik il % — Le 3k &1
()R, 5 2 I DR T R I DR 08 > S 4
GAVEMARYE. I TIWARYT oHSV2 4424
JEM AR . ATAT T, B oHSV2 IR
BR, ABFIEXT oHSV2 FE I v S5 A7 i 4
gemta] . B HKSE . hGM-CSF 2 ik 7K F DA M
HSV-2 HioK- il 558, Ll R . &
ST OH2 B /IN BRUM 98 44 BUBH S5 /N 7 X B
41, s B AT AR s X bR 1
fif) OH2 34T qPCR G LA K3 1k 1 A B 5
XK oHSV2-Fluc 7 M5 HB A i HF 22 i) ) A 7
R, &I oHSV2 BEMETE R b & il EHLXT i
AR A AER ;s X255 /N R T
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T g v 52 AT AN 52 e FL A I R 12, RE S
& REAR R AR T B3 B Y iR 40 i )
— A~ Ja BR A2 e AT A T N 34 AR A TE ik
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SRR ICP34.5 (i Z BERETE T I R BhIH 1Y
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LW HSV BUiRm =4 5 MR a7 ) A & 30
KL, XA OH2 J&— 44 HAUE U AE i
KA

M, ARWFSEIEH oHSV2 J&—FhREREFEA
Fik HEZ AU EIEWR TR o Kk,
BRI RIR SR AR MG T, B
RV 98 995 B F B DR PR O v 9RO B A b
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