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Construction of a stable 4T1 cell line expressing UL19 by the
PiggyBac transposon system

ZHAO Xiaotong, WANG Xinya, LIU Binlei, HU Han, WANG Yang*

School of Life and Health Sciences, Hubei University of Technology, Wuhan 430068, Hubei, China

Abstract: To investigate the mechanism of the major capsid protein VPS5 (encoded by the UL19
gene) of oncolytic herpes simplex virus type II (oHSV2) in regulating the antitumor function of
immune cells, we constructed a mouse breast cancer cell line 4T1-iRFP-VP5-GFP stably expressing
VPS5 protein, near-infrared fluorescent protein (iRFP), and green fluorescent protein (GFP) by using
the PiggyBac transposon system. Flow cytometry and Western blotting were employed to screen the
monoclonal cell lines expressing both GFP and VP5 and examine the expression stability of UL19
in the constructed cell line. The results of SYBR Green I real-time PCR and Western blotting
showed that the copies of UL19 and the expression level of VPS5 protein in the 15th passage of
4T1-iRFP-VP5-GFP cells were significantly higher than those in the 4T1 cells transiently
transfected with UL19, demonstrating the stable insertion of UL19 into the 4T1 cell genome. The
real-time cell analysis (RTCA) was employed to monitor the proliferation of 4T1-iRFP-VP5-GFP
cells, which showed similar proliferation activity to their parental 4T1 cells. Further studies
confirmed that NK92 cells exhibited stronger cytotoxicity against 4T1-iRFP-VP5-GFP cells than
against 4T1 cells. This study layed a foundation for elucidating the role of VPS5 protein in regulating
immune cells, including T cells and NK cells, via HLA-E in 4T1 cells to exert the anti-tumor
function.

Keywords: oncolytic herpes simplex virus type II; VP5 protein; PiggyBac transposable system;
4TI cells
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hGM-CSE) LR P H4di A, [FIB#fR 1CP34.5
I ICPA7 2™, VPS5 11 ULL9 B [H 4 65,
S HLARIZ G B AR ER 1 AR T Y
HFEUE T VPS5 SR BB HLA-E 47 F i &2 |
FHAEE PEALTE T 40 K NK 40 M 7E PN B S 3 20 i

Bd: cjb@im.ac.cn



4140 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

P IPIEAE ]
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VA 3 RO A 18 3 o B e 2L A gt BRIk B
A LR B IR i (2020) ) BiE B
2020 4, SERFLIREE B K Bk 226 5615, i
ERE, X—8FER T 42 76 Fdhios,
55V R AR, B B R S AR AR
XPECA, 3R 2 v ZL R I8 & 8 R OE 78 LB A
33%MERERIK, T AR AT 1
BE B 5 e R R TR A A A AR
MR, AW KA PiggyBac ¥ T A58, %
R0 FR Y i 1A Tk 1% 2 By ORI JE - R 2
B, SRR L AR R ek
P v IR TR B 5 AR AR AL ULL9 B
T 4T 4h 9% 6 2R [ (near-infrared  fluorescent
protein, iRFP) %t (K Al &¢ & %¢ % & H (green
fluorescent protein, GFP)JE A [1)4% Ji& -+ ki il
T Bt T iV S B SR A /DN B EL DO A0 R
(4T1), fif 4T1 40 RASE K5 ULL9 JL[H | iRFP
FEFN GFP JE, JEXT H g TR e PRSI, A
FyaE TRE#R S VPS IR 4T1-iRFP-VP5-GFP
Y F . FIEEAY 4T1-iRFP-VP5-GFP 4ifif 5 Hio%
4T g B AR ARG, SE— 205
WESZ, NK92 ZHfi%} 4T1-iRFP-VP5-GFP 4 it 5%
ite & ST 4T 40, AWF9E MRS VPS
B 5 0092 A0 I R FE IV Jgg T I AT A 4 4L T
B30 A AU AR | I Ay 388 ) TR AR T R LR
IGIT IR T ARSI R PPN R

R

1.1 #R

HEK293T #ifif . /)N B LIRS 4 L (4T1) |
NK92 4 fifd Wy F 3¢ [ dit B 1% 5% Wy 48 8 L
(American Typical Culture Collection, ATCC);
PiggyBac Dual Promoter Jiik7 . super PiggyBac
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Transposase (pSPBT) ¥4 Ji& i Jii i S K g #F B
DHS50 J82 25 A 5200 % SR RO/ A7 5 BRAEIPEN
VIl (Xba I #1 EcoR DI H NEB A ; i ELif
(2xphanta Flash Master Mix), ClonExpress II One
Step Cloning Kit (Exnase II, 5xCE Buffer), %7l
I/DNA 4lifkiX 7 & . HiScript III All-in-one RT
SuperMix Perfect for gPCR., ChamQ SYBR qPCR
Master Mix (without ROX)IJIE H §g 5t ik MERE A
PIRHEAT PR W) 5 JoN 3 R SOk rh R R & A
VLI L A YR A R A F] 5 DMEM-F12
B 95 B B o AR DU A MR s IR A i
(fetal bovine serum, FBS)I FH #WiiT KT 4 ¥R
HBRA ] kL Yefdi B Lipofectamine 3 000 %%
i) & B FEER R R B IR W) 5 40 b
e ] I 8 R (puromycin) . B R #h 52 o
(phosphate buffered solution, PBS)IJ H [1& =4
BHE A BRA F] s PAGE B fise P 3 il £ 3 571 &
(10%) W [ |- i HfE i 25 ) = 24 R $50A R 2 7 5
Anti-VP5 5K B 2 50 &0 AR Y HORA R | 5
HEPT e P A I =B AE ARG BR A
1.2 7%
1.2.1 PBDP-iRFP-VP5-GFP {453

FIF PCR AR, LI pCMV-3xflag-UL19 [
KRB 1 UL19 BE[H , #4344 PiggyBac-iRFP
XD I J 1l se , 1) P [ 5 2 0 D7 e g 4
PRI UL JED Sk Tk, 2k i
FIRMAFA T, #2815 h J5IR7 T34 100 mg/mL
ZF 5 8 2% (ampicillin trihydrate, Amp)ft)~FA I,
37 °CHHIRSE R . Pk e BT 7% PCR
LS N eI B UK O F A T e M, W I R R
(1) PBDP-iRFP-VPS5-GFP FH: . 5 i 14 VR #6175
KPR BRI U %7€ .
1.2.2 1l PBDP-iRFP-VP5-GFP i VP5 &

H&®IE
&4 10% FBS B9 DMEM-F12 5353 F
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37 °C. 5% CO, ¥iF46m 155 HEK293T 4 i,
FE AR R OB T R — MR HeFP 3 6 fLAR
A BERE] 60%IT 1 %Y . #% M Lipofectamine
3000 1iH] 45 PBDP-iRFP-VP5-GFP:pSPBT ##%
HEOS:1 Ll guanff, 7 g4 24 h ]R85O0
DG FEFEEEFRIE, ] PBS VRS AR 1Y
RIPA Z4# W (RIPA & (B0 6l VR A #1=100:1)
FoK F24# 30 min, 13 000 r/min &5.(» 15 min,
5xLoading buffer i A_F¥5W, 4@ 100 °CH
15 min 315 B .4 7.5% SDS-PAGE #EiK )5 ,
ff FH] Bio-Rad T A TG BN . SR ERSS R 5
1 NC T 5% Ba 0k 3041 1 h &, A 1:1 000
T B0 VPS HLiAR, 78 4 °CUKFE i & 1% ; TBST
Uk 3, IR S min, HILA 1:10 000 F7F: Y HRP
FRic I EPUR 1gG (HAL), FEREIRFE 1 h;
TBST % 3 i, 4K 5 min, FAEBESERIEA
Yt (enhanced chemiluminescence, ECL)E 5% & i
WML
1.2.3  4T1 4HRENENS & R Ukl

B KRS BT 4T 400 T 11— Ml bl
& 24 fLARH, diEEE R 1004l Franpil A
JEiRF 80%JE, FEAHEgRdk, MAMZE 2R
BRGNS R, MRS REWE N
0-10 pg/mL, BN HERE 3 NMEFL. 4 H W
AR P AR AE AT OO Tl sk, 8T 1 A
J& , AR AT AU T 1Y R ARV 2 2 vk J3E B Ay i
RIS 25 R eV T
1.2.4 55 pEYHMEIHIE

W AT AR R IRREH A0 5 T8, R R
JAEE ) 3x10° N ANML G HEFP 2 6 FLARH, 4 4i
LA IRE] 80%J5 , %8 Lipofectamine 3000 i
B3, AL B R 2.5 pg, #% 18 PBDP-iRFP-VP5-
GFP:pSPBT °H 5:1 Y LL 3L Jedtiffd, %% 6 h
JoE R B IR, B55R 48 h 5 ARSI

P ge 48 h 5 4T1 A0 s LB 353, T
NS TE RN 4 pg/mL (5848373, F

&: 010-64807509

37 °C. 5% CO, ¥iFffit e, W2 d i Eh
4 pg/mL MRS EE 2 0 A B SR LI F LS 4 i
HeIEOL, H 2L KGR B YE A0 43R sE T
J&, PRGNS LA, SR B R 4 i
B2 10 A~/mL, 4541 100 uL 40 B k4 Fh T
96 fLARH, #5537 2 FUEHEE 4 #RAE KRS R iF
() B e R A3 R R SR AL A
1.2.5 16N E TR GFP & VP5 B HRILKTE

U AT AT AR5 5 R 55 0 5 e P A
JHt P RS Ak U5 B0, B 1<10° N4 T 1.5 mL
EP &, 11 1 mL PBS ¥t 3 3 , i 500 uL PBS
FEST, DA AT1 0kt id, g
FRLAAS I PR B 20 L GFP R85 L

B RIS A 4T 4l
Z 6L P, HBE 1.2.2 i kK 4 -p VPS
HEAMRIBKF.
1.2.6 LR EFRIEEISHEE S HHEARE N
4T1-iRFP-VP5-GFP i R4 KA

B KRS R AP 4T1 40 &% 4T1-iRFP-
VP5-GFP 40HI45FL 1x10* R F oL PRl LaR
fii | Agilent xCELLigence RTCA S16 SZH Johnic 4l
Ja o3RS 4T 1 400 & 4T 1-iRFP-VP5-GFP 41 ity
A RARBLE
1.2.7 %F UL19 EEHFEANIER

PEEC AT M 256 1 ARRESAL 2565 154K
i 4T1-iRFP-VP5-GFP A 5L [ 40 , 33647 UL19
FERY PCR 973, SIWFSI WK 1. DL 4T1 24
LA BAPE T R A T IR AR B BE R UK, %55 UL19
FE AR AE DL
1.2.8 SLEZEHESE PCR &M UL19 BEFRIL

PR 1. 5. 1518 4T1-iRFP-VP5-GFP 4
ML A, LABREE AN [) Bk v BE (1.5, 2.5 pg)
UL19 BE[KI ) 4T1 4tk x) B, ffF SYBR Green
ISEHT 96 E i PCR LA GAPDH A NS, &4
RE3ANEL, X ULL19 HK AT F ik g T
K, PRSI LR 1. G5 274 ot
UL19 JEH AR ek 7P,
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1.2.9 NK92 4Hp%} 4T1 & 4T1-iRFP-VP5-GFP
il VR

W5 NKO92 4iljitd 5351 55 4T1 4l F1l 4T1-iRFP-
VP5-GFP Z il 4% BOAsCH th=2:1 Lo s, fiiH
Agilent xCELLigence RTCA S16 SEZH Tohric 4l
FfL 43 BT A A I NK92 41 Ffd XF 4T1 2 B A1
4T1-iRFP-VP5-GFP 4 i i A 50R

1 ULI9 ¥R SERTSEES PCR A5 1455
Table 1 UL19 amplification and real-time fluorescence
quantitative PCR detection primer sequences

Primer Primer sequence (5'—3)
name
UL19-F ATGGCCGCTCCTGCCCG
ULI19-R TTACAGAGACAGGCCCTTTAGC
Q-UL19-F TACTTCTCCTCCATCCGCCA
Q-UL19-R CACGGGGCTCATCTTGAAGT
GAPDH-F CTCTGGTAAAGTGGATATTGT
GAPDH-R  GGTGGAATCATATTGGAACA
A B
bp bp M 1
12 000 12 000
8 000 8 000
6 000
6 bod 5000
000 4000
4000
3000 3000

2 BER540

2.1 PBDP-iRFP-VP5-GFP R4 E

PL pCMV-3xflag-UL19 i %7 S 4 by 47 14
UL19 BE[R, B BE I v Tk 45 S0 S R i 1 75 5]
) UL19 FLR )k 4 125 bp, 5 K/h—2 (&
1A). FIHEEEH Jr 544 PBDP-iRFP kY
UL19 JER%EH:, 43| DHSo B2 8, WA
T&5A Amp itk LB ¥4 I, 37 cCad 8557 .
Peik s e DA P E1 T 75 PCR (81 1B), FEFHME
B [ AR DU M, P 45 SR e AR . A
Joki 28 Xba TFT EcoR 1 XX ] J5 45 21 i B R/
SR —2(E 10).
2.2 PBDP-iRFP-VP5-GFP R E

¥ PBDP-iRFP-VP5-GFP:pSPBT #%# 5:1 [t
|3t Yy HEK293T 4fiffd, % 4% 24 h )5 (4 F &
96 BB M EL T4 GFP ik (E 2A. 2B),
SR YL IS 19 HEK293T 4 s 1, 2%y El

2 3 s © bp

12 000
8 000
6 000

5000
4000

3 000

1 PBDP-iRFP-VP5-GFP IR HEELAREE KB A: PCR % . Lane M: 1 kb DNA marker; Lane 1:
UL19 LK FrB:. B: B Y% PCR. Lane M: 1 kb DNA marker; Lane 1-4: PATE[EFTE. C: XWFIXE. Lane
M: 1 kb DNA marker; Lane 1: 2 Fuki XU§Y) A Bi(Xba 1 Fl EcoR I)

Figure 1

Agarose gel electrophoresis of PBDP-iRFP-VP5-GFP plasmid. A: PCR identification. Lane M: 1 kb

DNA marker; Lane 1: UL19 gene fragment. B: Colony PCR. Lane M: 1 kb DNA marker; Lane 1-4:
Monoclonal colonies. C: Double-enzymatic excision identification. Lane M: 1 kb DNA marker; Lane I:
Recombinant plasmid double-enzymatic fragment (Xba I and EcoR ).
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WA VPS AR, 25 B/R, 7E 186 kDa

LA B 2570, 1 BAPEXT IS HEK293T 4l fd &

o ) 254 (#] 2€).

2.3 4T1-iRFP-VP5-GFP fa%% Mpf & 5 1%
FHE 0-10 pg/mL BERSEE 3R 1 50 A 15 IR L

TE AT 400 1 )G, SRIMAE 1 (4 i 4

FRPET- MR IR R R U 4 ng/mL, Rtk

B 4 pg/mL Ay feidi MRS 25 R T e e 2 (] 3A).
4T1 Y A Lipofectamine 3000 ¥4 48 h J&, 7E
96 BANEE N WEE GFP 26 HLBIN 70%, 4N
ISR ITERE SR 1 JA)S , R A PR BRI PR R
ORI, 25 2 PR SRS 19 2 4 bR e R AN I
HATY RIS, FFFEDOL R AR T WL (& 3B,
3C).

VP5

[B-actin

1 000 pm

2 PBDP-iRFP-VP5-GFP RAIIE  A: fliHZOCE BTN 2 f5 RS T W% HEK293T 41
J. B fil PG RAMEBTAE DGR IEHI 420485 nm) 2 FFHORAEME T WS HEK293T 4. C: H4l
JRORIEE YL G TE. Lane 1: HEK293T; Lane 2-3: SE41FURI 55 Y459 HEK293T

Figure 2 PBDP-iRFP-VP5-GFP plasmid validation. A: HEK293T cells using a fluorescence microscope under
2x magnification at light field. B: HEK293T cells using a fluorescence microscope under blue light (420—485 nm

excitation wavelength range) at 2x magnification. C: Recombinant plasmid transfection validation. Lane 1:
HEK?293T; Lane 2—3: Recombinant plasmid.

= 1 pg/mL
+ 2 pg/mL
» 3 pg/mL
e 5 pg/mL
= 6 ug/mL
= 7 pg/mL
3 4 5 6 7 oo tgxt
Time (d) + 10 pg/mL

.
i
<

wn
<

500 pm 500 pm

[=]

Cellsurivival rate (%) >
=)
(=]

2

3 RRMEMMEARTGIE A AREVEREEERE RN 4T AEB0tRIMA K. B: (176 BB E FDE
500 fFOR SR sE e A L. C: (PO BB e DO (BB T 420-485 nm) 500 f R T W%
B P A i

Figure 3 Screening of monoclonal cell lines. A: Lethality curves of 4T1 cells with different concentrations of
puromycin. B: Observation of monoclonal cells using fluorescence microscope at 500x magnification in white

light. C: Observation of monoclonal cells using fluorescence microscope at 500x magnification in blue light
(420—485 nm excitation wavelength range).
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Y

24 RENHHREAR K R BN
VP5-GFP f24t Rpa &

PEIERY 4 PREEREAIEY KEFRE 4
MAAKN GFP PR, 4 BRERITREANAIRE
K E] GFP ik, o C5 e 4RI GFP
FHMEZILF] 100% (& 4A). 1T PiggyBac fik:
WIUR BT RS, HREHES T GFP Y4k
J& T AR5 s, DS b ] s FH 8 Bl v A
G 2 1 ik GFP A rh VPS & Ak
Bl GEREFREH, X 4 BRER vw R 2N M35 RE S AG I 5]
VPS5 I #iA(186 kDa), H:H C5 HLrgfifiEn
VP5 I RA TR (R 4B), Hib, Pkt GFP
K VP5 3k B i i i C5 B s AN K3 35291
P T e L5256
2.5 4T1-iRFP-VP5-GFP 24t A & &
4T1 4HAR R A CTE M L

{#i F] Agilent xCELLigence RTCA S16 SZH}

SEFHIE 4T1-iRFP-

TChRiC M AT LI 4T1 iS5 4T1-iRFP-
VP5-GFP A K ARDL, SR BI/RTEHAT
UL19 N5, ZA ARG PE S 4T1 BrA: AUZH
it F—2 (& 5).
2.6 4T1-iRFP-VP5-GFP R EFBALE

PRI RIEFRAS 1AL Ze% 255 15 A
4T1-iRFP-VP5-GFP 4N 4, DI AETY 4T1
A A RATEXTRE, MEAT UL19 JE[A PCR 748, I
HEAT IR REEEE S LUK 1M o SRR HEBES L Tk 45
WKl 6 Frzn, 55 180255 15 £ 4T 1-iRFP-VP5-GFP
211t I DR 2 R 4 BB AN 21 UL19 LRI (4 125 bp).
2.7 UL19 ZE 7 4T1-iRFP-VP5-GFP 4 Al
APRESFRIL

KT AR UL19 SEHTEM R 4T1-iRFP-
VP5-GFP il &P fevE m ik, Bl 755 1. 5.
15 1 4T1-iRFP-VP5-GFP 4l Jifg ' UL19 J&[K 4% Il
B, DABEE: UL19 JENAY 4T1 408k Xt AE

500

go0 |FL1-H- | FLI-H+ 440 |FLI-H- L1-H+ 500 [FL1-H- FL1-H+ [FL1-H-  FLI-H+
0 400 1899 10.1 400 10.023
§6m) §3m) £ 300
=]
5 400 g 200 J 200
200 — 100 100
0 i i 1 L L O 0
10" 10* 10* 10° 10 10* 10* 10° 10° 10° 10" 10°
GFP GFP GFP
4T1 4T1-A6 4T1-C5
M A6 G5 C5 A9 NC M
500 | FL1-H- FIp1-H+
1.00 180 — — — — VP35
_ 400 140 — o
300 F 100 —| s w——
S200 PR |
100 + 60 —
0 ¢ E 2 45 — s — — — — w— .| B-actin
100 100 104 10° 35 [ -
P Relati Itiplicity of ression: 0.16 040 0.59 050 0
4T1-A9 clative mulliplicily ol expression. . d . .
4 ARNMAAARRBRENTAFIRREREMEER A FAIARR IR AN GFP %ik. B:

PR EV IR A it e B e BE AR L R VPS SR AR IA

Figure 4 Flow cytometry and Western blotting screening of monoclonal cell lines. A: Detection of GFP

expression in monoclonal cells by flow cytometry. B:
by Western blotting.
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Screening of VPS5 protein expression in monoclonal cells
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90+
7.0t
5.0
3.0¢ —4T]
1.0y 4T1-iRFP-VP5-GFP
—-1.0F
730 1 1 1 1 1 1 1 1

0 20 40 60 80 100 120 140 160

Time (h)

5 4T1-iRFP-VP5-GFP ZAff X 4T1 A4 K5E
o
Figure 5 4T1-iRFP-VP5-GFP cell and 4T1 cell
growth activity monitoring.

Cell index

( Coeece

6 IZBEAEEIACEL KA UL19ERE  Lane M:
1 kb DNA marker. Lane 1: 4T1 4iJifg UL19 R/
5 Lane 2: 55 1 1 4T1-iRFP-VP5-GFP 4fiffil UL19
JEPEP B Lane 3: 45 15 ft 4T1-iRFP-VP5-GFP
40 UL19 FE R 4

Figure 6 Agarose gel electrophoresis detection of
the UL19 gene. Lane M: 1 kb DNA marker; Lane 1:
UL19 gene detection in 4T1 cell; Lane 2: UL19 gene
detection in generation 1 4T1-iRFP-VP5-GFP cell;
Lane 3: UL19 gene detection in generation 15
4T1-iRFP-VP5-GFP cell.

gEILNE 7 R, ULL9 FE N ZEAR[RI R IR 4T1-iRFP-
VP5-GFP ZififirpiasE ik, HALHPE DR 2
i T BEEE ULL9 ZE[HAY 4T1 4 2 (P<0.001).

2.8 VP5 EH7 4T1-iRFP-VP5-GFP 4l

N TR VPS5 2R &5 7E 4T1-iRFP-VP5-GFP

&: 010-64807509

M R PR £k, |BEBCEE 1.5, 15 /€
4T1-iRFP-VP5-GFP i Jfi &8 11 A T He i B 3l S
55, H-SEPARL AT 40 FIBERT L YR 5 &
PBDP-iRFP-VP5-GFP JFi ki 1) 4T 1 40l A7 % L,
g5 nE 8 Fin, FEAFMIK 4T1-iRFP-VP5-GFP
MIrh A VPS HE KIS, H VPS RikEET
R L YL ) AT1 4 .
2.9 VPS5 EBEE NK92 HpExT 4T1 4HAE
v

ST VPS5 R I FRIKRE R 520 NK 4l
X AT1 UM, # NK92 4515 4T1
I FN AT 1-iIRFP-VP5-GFP 4l B4 b =2:1
0, Wit Agilent xCELLigence RTCA S16
SEBFTCARIC AL AT A AT NK92 4R 4T1
il 4T1-iRFP-VP5-GFP 4l i (9 A A80HR . 45 15%
B, NK92 4ifi%} 4T1-iRFP-VP5-GFP 40 Jitg i) %
Bz R B =T 4T QA 9).

10
ko k% seokk
) i .
.S
56
ol Lo | [ N |, |
\}@ Q@ .00\ Q% Ne)
o) 5 & o X4
\\\ . \Q’ g Q@{b &{b @{&\\
SS 65 C)@ C}Q 0@0

7 EREAEE PCR &M UL19 EEHEIHR
k8  AFEMRIKAY 4T1-iRFP-VP5-GFP 4 fifd UL19
DN 8 DR 2 2 TR ULL9 JE N 19 4T1 4 it
(***; P<0.001, One-way ANOVA ;)

Figure 7 Real-time fluorescence quantitative PCR
for detection of relative expression levels of UL19
gene. The copy number of the UL19 gene in
4T1-iRFP-VP5-GFP cells at different passages were
significantly higher than those in 4T1 cells

transiently transfected with UL19 gene (***:
P<0.001, One-way ANOVA test).
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Figure 8 Western blotting for detection of VPS5
protein expression. Lane 1: 4T1 cells; Lane 2: 4T1
cells transiently transfected with PBDP-iRFP-
VP5-GFP plasmid (1.5 pg); Lane 3: 4T1 cells
transiently transfected with PBDP-iRFP-VP5-GFP
plasmid (2.5 pg); Lane 4: Generation 1 4T1-iRFP-
VP5-GFP cell; Lane 5: Generation 5 4T1-iRFP-
VP5-GFP cell; Lane 6: Generation 15 4T1-iRFP-
VP5-GFP cell.
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Figure 9 Killing effect of NK92 cells on 4T1 and
4T1-iRFP-VP5-GFP cells.
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(human granulocyte-macrophage colony stimulating
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glycan protein, TAP)W]O |CPA7 LGS TAP
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NKG2C S5tz ik NKG2AP, X sbfii{k
YE A NK 41 i ) 51224 R o, S Hofe e ol
RERYEZ N R PP, AR AT ITrse, %
AR oHSV2 BEMS R T FiivRd 20 At K2 Gy 4N
i M 1Y HLA-E K2 NKG2A 43T, oHSV2 #
K £ 2 H VP5 &, VP19C &, VP23
N VP26 AL, Hr VPS5 AR T



BEEf % | BT PiggyBac B ERGMERERIE ULL EEE/NRILREMRER 4T1 4147

R RS SRR B A% A e 45 1) 1Y JE AR 25

LW 2”0 VPS5 P UL19 JE R 4ih0, 78 2asal
FB NI TE a5 R MUAR g RN . A4
A AR 55 UE B VPS 5 HLA-E 2 FA7AE
A AR P, ZIKB?%?FUFH PiggyBac ¥4 i T 2450
W UL1O LR A3 4T gifudetatk -, FIH
iRFP, GFP %E@%@U’Eﬁmiﬁ Vid. 7R
VEE N4 e 2R i P A B s R 200 i S, ) PR o = At
A RPEENEE: . SYBR Green I SEHT5¢ € it
PCR %5 J5 I e - 30 0E T UL19 SRR e iR A T
AT1 ZHME B4, 1568 4T1-iRFP-VP5-GFP 4i it
R, PR UESE, NK92 4HfxFae
ik VPS5 H1) 4T1 4014 T1-iRFP-VP5-GFP) )
FAGRE T BEE T AT 4000, M40l HLA-E
oy Fid & VPS S FJE ALY HLA-E-VPS Z KA &
Y%t NK 42 im NKG2A . NKG2C 7 F K& F
AR AR - B W g, DL R e — 25X NK 41 i
HURVE R SR e T — Rz —

REFERENCES

[1] KAUFMAN HL, KOHLHAPP FJ, ZLOZA A. Oncolytic
viruses: a new class of immunotherapy drugs[J]. Nature
Reviews Drug Discovery, 2015, 14: 642-662.

[2] ZOLALY MA, MAHALLAWI W, KHAWAIJl ZY,
ALAHMADI MA. The clinical advances of oncolytic
viruses in cancer immunotherapy[J]. Cureus, 2023, 15(6):
e40742.

[3] TANG TY, HUANG X, ZHANG G, LIANG TB.
Oncolytic immunotherapy: multiple mechanisms of

oncolytic peptides to confer anticancer immunity[J].

Journal for Immunotherapy of Cancer, 2022, 10(7):
e005065.

[4] ZHANG W, ZENG BB, HU X, ZOU LJ, LIANG J,
SONG Y, LIU BL, LIU SM. Oncolytic herpes simplex
virus type 2 can effectively inhibit colorectal cancer liver
metastasis by modulating the immune status in the tumor

antitumor

32(3/4):

microenvironment and inducing specific
immunity[J].
203-215.

D]ﬁ*a}ﬁ% ko, FNEPT. b E LR A PR 0]

Sz HRRESR, 2020, 35(11): 1911-1914.

Human Gene Therapy, 2021,

&: 010-64807509

[10]

[11]

[12]

SHANG MY, GUO S, ZHANG Q, PIAO HZ. Current
status of breast cancer screening in China[J]. Journal of
Practical Cancer, 2020, 35(11): 1911-1914 (in Chinese).
PASHAYAN N, ANTONIOU AC, IVANUS U,
ESSERMAN LJ, EASTON DF, FRENCH D,
SROCZYNSKI G, HALL P, CUZICK J, EVANS DG,
SIMARD J, GARCIA-CLOSAS M, SCHMUTZLER R,
WEGWARTH O, PHAROAH P, MOORTHIE S, de
MONTGOLFIER S, BARON C, HERCEG Z,
TURNBULL C, et al. Personalized early detection and
ENVISION consensus
statement[J]. Nature Reviews Clinical Oncology, 2020,
17: 687-705.

HOLMES CE, MUSS HB. Diagnosis and treatment of
breast cancer in the elderly[J]. CA: a Cancer Journal for
Clinicians, 2003, 53(4): 227-244.

XI5, U, X, A4S, i, kE, %
R, M5 TS JOAR O AN S AT B AR B ] 4 Ry
RSN IR TS AN BT SR (0], v [ 25 32 4,
2024, 40(3): 592-598.

LIU FT, XING SY, LIU XY, YE DX, YANG J, ZHANG
GY, RONG R, YANG Y. A new strategy for evaluating in
Vitro antitumor activity based on the time-dimensional

prevention of breast cancer:

characterization of real-time label-free cell analysis[J].
Chinese Journal of Pharmacology, 2024, 40(3): 592-598
(in Chinese).

ANSBRO MR, JACOB CG, AMATO R, KEKRE M,
AMARATUNGA C, SRENG S, SUON S, MIOTTO O,
FAIRHURST RM, WELLEMS TE, KWIATKOWSKI
DP. Development of copy number assays for detection
and surveillance of piperaquine resistance associated
plasmepsin 2/3 copy number variation in Plasmodium
falciparum[J]. Malaria Journal, 2020, 19(1): 181.
FERREIRA ID, ROSARIO VE, CRAVO PVL. Real-time
quantitative PCR with SYBR Green I detection for
estimating copy numbers
candidate genes in Plasmodium falciparum[J]. Malaria
Journal, 2006, 5: 1.

AITMAN TJ, DONG R, VYSE TJ, NORSWORTHY PJ,
JOHNSON MD, SMITH J, MANGION J,
ROBERTON-LOWE C, MARSHALL AJ, PETRETTO E,
HODGES MD, BHANGAL G PATEL SG,
SHEEHAN-ROONEY K, DUDA M, COOK PR, EVANS
DJ, DOMIN J, FLINT J, BOYLE JJ, et al. Copy number
polymorphism in Fcgr3 predisposes to glomerulonephritis
in rats and humans[J]. Nature, 2006, 439: 851-855.
ANDTBACKA RHI, KAUFMAN HL, COLLICHIO F,
AMATRUDA T, SENZER N, CHESNEY J, DELMAN

of nine drug resistance

Bd: cjb@im.ac.cn



4148 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

[14]

[16]

[17]

(18]

[19]

[20]

KA, SPITLER LE, PUZANOV I, AGARWALA SS,
MILHEM M, CRANMER L, CURTI B, LEWIS K, ROSS
M, GUTHRIE T, LINETTE GP, DANIELS GA,
HARRINGTON K, MIDDLETON MR, et al. Talimogene
laherparepvec improves durable response rate in patients
with advanced melanoma[J]. Journal of Clinical
Oncology, 2015, 33(25): 2780-2788.

MA J, RAMACHANDRAN M, JIN C,
QUIJANO-RUBIO C, MARTIKAINEN M, YU D,
ESSAND M. Characterization
immunogenic cancer cell death and the consequences for

of  virus-mediated

oncolytic virus-based immunotherapy of cancer[J]. Cell
Death & Disease, 2020, 11: 48.

WALKER JD, SEHGAL I, KOUSOULAS KG. Oncolytic
herpes

simplex virus 1 encoding 15-prostaglandin

dehydrogenase mitigates immune suppression and
reduces ectopic primary and metastatic breast cancer in
mice[J]. Journal of Virology, 2011, 85(14): 7363-7371.
WATANABE I, KASUYA H, NOMURA N, SHIKANO T,
SHIROTA T, KANAZUMI N, TAKEDA S, NOMOTO S,
SUGIMOTO H, NAKAO A. Effects of tumor selective
replication-competent herpes viruses in combination with
gemcitabine  on  pancreatic  cancer[J].  Cancer
Chemotherapy and Pharmacology, 2008, 61(5): 875-882.
ELDE NC, CHILD SJ, GEBALLE AP, MALIK HS.
Protein kinase R reveals an evolutionary model for
defeating viral mimicry[J]. Nature, 2009, 457: 485-489.
TOMAZIN R, HILL AB, JUGOVIC P, YORK I, van
ENDERT P, PLOEGH HL, ANDREWS DW, JOHNSON
DC. Stable binding of the herpes simplex virus ICP47
protein to the peptide binding site of TAP[J]. The EMBO
Journal, 1996, 15(13): 3256-3266.

GALOCHA B, HILL A, BARNETT BC, DOLAN A,
RAIMONDI A, COOK RF, BRUNNER J, McGEOCH
DJ, PLOEGH HL. The active site of ICP47, a herpes
inhibitor of the

complex (MHC)-encoded peptide

simplex  virus-encoded major
histocompatibility
transporter associated with antigen processing (TAP),
maps to the NH,-terminal 35 residues[J]. The Journal of
Experimental Medicine, 1997, 185(9): 1565-1572.

AHN K, MEYER TH, UEBEL S, SEMPE P,
DJABALLAH H, YANG Y, PETERSON PA, FRUH K,
TAMPE R. Molecular mechanism and species specificity
of TAP inhibition by herpes simplex virus ICP47[J]. The
EMBO Journal, 1996, 15(13): 3247-3255.

PIETRA G, ROMAGNANI C, MORETTA L, MINGARI

MC. HLA-E and HLA-E-bound peptides: recognition by

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

[22]

[26]

subsets of NK and T cells[J]. Current Pharmaceutical
Design, 2009, 15(28): 3336-3344.

ANDRE P, DENIS C, SOULAS C, BOURBON-
CAILLET C, LOPEZ J, ARNOUX T, BLERY M,
BONNAFOUS C, GAUTHIER L, MOREL A, ROSSI B,
REMARK R, BRESO V, BONNET E, HABIF G, GUIA
S, LALANNE AI, HOFFMANN C, LANTZ O,
FAYETTE J, et al. Anti-NKG2A MAD is a checkpoint
inhibitor that promotes anti-tumor immunity by
unleashing both T and NK cells[J]. Cell, 2018, 175(7):
1731-1743.e13.

LIU XW, SONG JN, ZHANG H, LIU XY, ZUO FL,
ZHAO YN, ZHAO YJ, YIN XM, GUO XY, WU X,
ZHANG H, XU J, HU JP, JING J, MA XL, SHI HB.
Immune checkpoint HLA-E: CD94-NKG2A mediates
from NK cell
surveillance[J]. Cancer Cell, 2023, 41(2): 272-287.¢9.
MYERS JA, MILLER JS. Exploring the NK cell platform
for cancer immunotherapy[J]. Nature Reviews Clinical
Oncology, 2021, 18: 85-100.

IWASZKO M, BOGUNIA-KUBIK K. Clinical
significance of the HLA-E and CD94/NKG2
interaction[J]. Archivum Immunologiae et Therapiae
Experimentalis, 2011, 59(5): 353.

PRASNIKAR E, PERDIH A, BORISEK J. Nonameric
peptide orchestrates signal transduction in the activating
HLA-E/NKG2C/CD9%4 immune complex as revealed by
all-atom  simulations[J].  International
Molecular Sciences, 2021, 22(13): 6670.
WANG Y, JIN J, LI YY, ZHOU Q, YAO RY, WU Z, HU
H, FANG ZZ, DONG S, CAI Q, HU S, LIU BL. NK cell
tumor therapy modulated by UV-inactivated oncolytic

evasion of circulating tumor cells

Journal of

herpes simplex virus type 2 and checkpoint inhibitors[J].
Translational Research, 2022, 240: 64-86.

YUAN S, WANG JL, ZHU DJ, WANG N, GAO Q,
CHEN WY, TANG H, WANG JZ, ZHANG XZ, LIU HR,
RAO ZH, WANG XX. Cryo-EM structure of a
herpesvirus capsid at 3.1 A[J]. Science, 2018, 360(6384):
eaao7283.

W —, R, HOME, T, TRV, W1, X
HLA-E 5 oHSV2 VP5 & MG AR MFSE[]. #IE Tl
FeEdR, 2023, 38(5): 82-87.

YAO RY, FAN JQ, XIAO X, ZHOU Q, WANG Y, HU H,
LIU BL. Study on the interaction between HLAE and
oHSV2 VPS5 protein[J]. Journal of Hubei University of
Technology, 2023, 38(5): 82-87 (in Chinese).

(A TT4  ABENTT)



