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B SAh 09 ASH R fn 3 A gm i (PBMCs ), 75 3% : 42 4% GenBank ¥ LMP-1 344 474k .CD28 % CD3( 5 3] 3&% 3t 3] 434 % , M E
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ABSTRACT Objective: To prepare the recombinant lentivirus over-expressing anti -latent membrane protein -1 (anti-LMP-1) single
chain variable fragment (scFv) antibody gene, then construct and identify anti-LMP-1 gene modified human peripheral blood
mononuclear cells (PBMCs). Methods: The primers of anti-LMP-1 scFv.CD28 and CD3{ were designed according to the GenBank.
IgG1-Fc were obtained from existing pVitro-IgG-1 vector. All these sequences mentioned above were amplified and inserted into the
lentiviral expression plasmid pCDH to construct protein expression vectors(pCDH-anti-LMP-1-IgG-Fc-CD28-CD3, hereafter refer to as
CAR; control vector pCDH-CD28-CD3{, hereafter refer to as VEC). CAR and VEC lentiviruses were prepared through three-plasmid
packaging system (shuttle plasmid pCDH, packaging plasmids pSPAX2 and pMD2.G). The PBMCs were isolated from healthy donors
and infected with concentrated pPCDH-VEC and pCDH-CAR lentivirus separately. The expression of green fluorescent protein (GFP), as
a surrogate reporter of target protein, was detected by fluorescence microscope and flow cytometry. Results: Over-expression vectors,
VEC and CAR, were successfully constructed. The concentrated recombinant lentiviruses containing VEC or CAR could infect PBMCs
and GFP as a reporter protein could be observed through fluorescence microscope and flow cytometry. The percentage of GFP+ cells
among VEC or CAR lentivirus transfected PBMCs were 42.5% and 51%. Conclusion: The anti-LMP-1 gene modified PBMCs were
successfully established, which lays an experimental foundation for further research on its cytotoxic effect on LMP-1 positive tumor cells.
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EB J% 7 (Epstein-Barr virus, EBV ){E Jy 55—~ #k & P £
TR TE , HAE AR B R ATk 90% , 35 Z Fh itk L 51 Je
b R A AR 1 A RN e R AR SR, R DL A
e, B S, Burkitt PRI, A7 SR %0, EBV A OCM IR
B &AL T A TR IR GRS , RSB AR R R s 5L R =
Yo XS EE YA B AR R GRS O BARGERL
PRANM RS A TR . X RE P AT VRN IR YT
RO R Hodr, 1 BU 3R i 85 (1 (Latent membrane protein,,
LMP-1){E )y EBV 4 fith i) #5 MR A, ©IESE N J2 EBV 4
B ETENEOEILF , 2 525 EBV MM Z4 KR
KL RS AT RE Ay AR P e B 1 YR R R

BT, AW A T #5417 anti-LMP-1 PG AL R 1Y
MR (& 1)FH R PBMCs, FlH anti-LMP-1 f > CAR
A EWRT T 41 M 17 LMP-1 PR ) EBV AH G i 40 i i
SRR S EBV AHSCME A Mia TR R L .

1 MRR T

1.1 FEHREIRF
HEK?293T 4ififd . KIFHHH DHSo B2 25 4 M iR 58 DU 2 2

KA SHERE Bef% PR HRAT s S 154~ 2% 41 B (Peripheral blood
mononuclear cells, PBMCs )5 T G B . BRI N V) it
Xba 1. Nhe 1,EcoR 1,BamH 1, ExTaq i, DNA marker Ll ) T4 %
PEREY [ TaKaRa 23 7] , pVitro-IgG1 . pCDH-CMV i 14 h 45
DU AZ R R 2= A W) 2= 3 2 AR AT s PCR P 2l Ak iR & M Bnifig
Wi A T 23 Hl s DMEM K F25E [RPMI 1640 15 72 5L H Hy-
clone /A ], It 4 IfiL 7 (Fetal bovine serum, FBS )y [ P4 Z= 7 /%
Hl, TR . #f85 KWH Solarbio /A H] ,anti-CD3 Hil&l { e-
Bioscience /A ] ,IL-2 [t H PeproTech 4\ 7 ; Polybrene 4 F| Sig-
ma A 51 R TAREOR A F G R, 51 i R T
AR TR . BUREREGA & A Tiangen /A H]

1.2 Anti-EBV LMP-1,1gG1-Fc,CD28.CD3; EE K ERRy§ 1E

RPE GenBank 143 7|#52% A\ Anti-EBV LMP-1 scFv,CD28
F1 CD3¢ J¥71,

He Bl 1eG k BEAMTIAME S kI A Anti-EBV LMP-1 _EJjf#,
IHAE 1gG k 55 LTI A Xba 1 BEYIH7 55, 7F Anti-EBV LMP-1 T
7| Nhe 1BFYINALS o #400F 5 FHAE LR PCR Bz ik
BT 2 R Beseit , KA N EAMY 22 MRS G 1~22,58
A RER AR g i,

x 154955

Table 1 Primer sequences

Primer

Sequence

1gG-Fc-Forward
IgG-Fc-Reverse
CD28-Forward
CD28-Reverse
CD3¢-Forward

CD3¢-Reverse

CGGCTAGCGAGCCCAAATCTTGT

CGGAATTCTTTACCCGGAGACAG

GGAATTCTTTTGGGTGCTGGTGGTGGTTGGTGGA
CCTGCTGAACTTCACTCTTCAGGAGCGATAGGCTGC

AGAGTGAAGTTCAGCAGGAGC

CGGATCCTTAGCGAGGGGGCAGGGCCTGCATGTG

PL 22 A~ J 90 AR AR B A i AT PCR 974, R
TaKaRa #3417, (K& % 50 L. 2f4:94 'C 5 min;94 C 15
$.60 C 155,72 C 1 min, 3£ 30 ME#F;72 'C 1 min, ¥ 754
56 pL10x FREGE IR S JETE 1% AR EEIE ta ik rh A7
Y€, T Gel Imaging 3 2248 T WSS H Y517 X B H 2%
AHXS 4> F B FISE A UV BAHR 454, TR PCR =¥yl
AT SR E UL A T glifk PCR 724, DG4+ B A%
PR 2 S 5 R BE o 1:100 FRRE RIS AE T — 204 g idi
FELA 1 5 K 22 SHFHIE Ry B WS 1Ry 1S, S0 T
T PR AR IR E R 2D AT A IR P Dk S B DI o 25
fir44 M anti-LMP-1,

BT 1Y) pVitro-1gG1 A HL 1gG1-Fe h e, JFTEH
L FUESIA Nhe 11 EcoR TEGVINL S . (BIMILEER 1), AFR
50 WL, S5 FIRIHT o 79 B 1A 0 BRI A T AR Hh Tk M2 1l
FFIE &, A 44 A 1gGl-Fe,

A cDNA SCJE Hfsf 1 CD28 .CD3¢, Jf1F CD28 I
W5 EcoR TREYIALAR, FiiF 5 CD3( #4& 18bp; £ CD3( T
WEGIA BamH L EFYIO 0o (FIHI R 1) 387853 5 i s

FRATHHE PCR, L) CD28 .CD3¢ MU= MiiR-& W it , LA
CD28-Forward ; CD3(¢-Reverse 5| ¥Ry #IFmIk, 44
k1 CD28-3¢,

L3 EREREHEHIE

1.2 i3y CD28-3¢ 5 pCDH HE AL ik Bk 17
XD, BEYI =47 T B R ME A R vk s SO T i . =)
Ak DH5« JZ 45, T PCR M Y14 , %5 1IEH s T
fir44 > pCDH-CD28-CD3¢, Bi %t Hi £ % 4« pCDH-VEC, faii #i Ny
VECOREREIILE 1),

[ERER 724 1gG1-Fe 55 pCDH-VEC FLyCSUEG] | [E1li
B AL S R . N F IE A S 4 4% 24 pCDH-IgG1-Fe-
CD28-3(,,

4 anti-LMP-1 5 pCDH-IgG1-Fc-CD28-3¢ Ty 3] , [
W, HHE. Fefh . %@ KNY . ¥ IER S 44 8 pCDH-an-
ti-LMP1-IgG1-Fc-CD28-3¢, Bl pCDH-CAR # {& , % %% b CAR
ORBELE 1),

14 BREEERAWL
¥ HEK293T 4l s T T75 ¥s g, FI 10% FBS 1
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| [ |
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B 1 A HEZE 4 CAR R3tR VEC FMBNIEREFRIEHE pCDH RE

Fig.1 Schematic structure of chimeric antigen receptor(CAR) and control VEC inserted into lentiviral vector pPCDH

DMEM };i 23 T 37 'C 5% CO, A1 3% & 60%~80%fill & FF
B, 4 10 mL JC i i DMEM $5359 , k£ F o 30 min f5, R
1SRG %5 R (CAR 3 VEC)., {335 Jfi ki pSPAX2 #il
pPMD2.G 4B = TR R 454 Bl %€ CAR Je VEC 12957 , 7%
Y7 MAX (L) R Yo JFoRz S det (g )45 8 3:1~5: 1 i LL Bl
16 955 1 2 1% JFORE . pSPAX2 Hl pMD2.G 43 il 12.8 4 pg, T
250 pL JCILiE DMEM $5F B iR 4 J5 % i 5 min, MAX
YR F] 72 wL TG DMEM ¥ 38 56 iRA) G = iR & 5
min, f Bk S 5 GuRFNRA), EEHE 20 min, HFEIMAZE L
W T75 B, 37 C (5%CO, WA K5 5% 6~8h J e 7 fif
10% FBS ) DMEM T 37 C .5% CO, M {H kL% %, 48h Fl
72 h 5o IR RS e B VTR B O R BRAIERE R . R
FWL 0.45 wm JEME (Millipore )3 Mg 5 55 5% PEG 8000(8.766
g NaCl, 50 g PEG-8000, %E 25 & 100 mL J&5 15 JE K [ )4 4:1 18
4,8 20 min FEMREAT—IK 3k 3~5 K ;4 T ;4 C,4000% g
B0 20 min, 3 LVE R EDINE R RPMI 1640 F5:, 534 504
FEF -80 CUkFEH&H .
1.5 2SR PBMCs

FI I Ficoll 34355 i B ik I % PBMC, ] & 10% FBS (1)
RPMI 1640 15 77 5 AN MRS 40 v i, LA 1% 10Y FLAY %
BERRPTF 24 FLART, A OKT3 FAYESEE K 2.5 pe/mL il
PBMCs 5% T 4 ffad Ak A8 FIRAS I TIL-2 B4R
40 ng/mL AEFFAUARTG M. MR E 24 h J5 B0, o I, SEe Al
Xof R BEFLAS A 200 pL #lifk VEC-T J CAR-T 5 2 T &
Yf, HFLINA 0.1 uL 8 wg/mL Polybrene, 1000% g 5.0y 60
min, FARAIMEAREEIEE 24 h, HE YL 2R BRI, 4k
2R 74,
1.6 Anti-LMP-1 ERF &4 PBMCs fE I R LT

B AR 18 7 L 5 SR 40 K BR 2 PBMCs, 37 B35,
4% 2R PREEEIFEE THI T b, JOC s g
FOERDE ., FANEAKI GFP+ 4IiE L3R

2 &R

2.1 pCDH-CAR JRHIM% K il 7
CAR 1895 2 3R ik 8RR V) J5 7 W SRR VK . 7E Gel
Imaging ZMr 2248 F Al WZEF anti-LMP-1 H i i Be K 804 bp;

CD28-3¢ Br K 549 bp; #%{k CAR fil & % (4 anti-LMP-1-IgG-
Fc-CD28-CD3¢ 34 2061 bp( & 2A), FURI £l 35 R Jo e
A (] 2B ) o

2.2 pCDH-CAR B ENEERLE

FIH pCDH-CAR 45 125 5 11 UYL 293T 4l )5 , bl
BRI AE K, Al M SO A N, JE Y5 5 48 h GFP+
Y LR AT 3k 80%Ze 4 (1 3) o iF A% il A S T AE 18
LRGSR AT
23 pCDH-VEC {8mENEERET

FI ] pCDH-VEC ¥ 451895 5 175 UL 293T 4l , bt
LI HE K, A O SR HTHE N, YL 5F 48 h GFP+
Y LR AT 3k 80%Ze 4 (1 3) o iF A% il A N HE T AR 18
G
24 BREERS PBMCs R EE

S VAR R PBMCs J5 5d, AR50 B idE T
%2 PBMCs GFP Kih7KF-, H MR KL 40%-50%4 4, H
GFP 7R Bl S R Rk T AU (] 4) 0 2t =R A B ARG I
GFP+ PBMCs L1343 51| 42.5%F1 51.0%( [ 5). UM 8
REA TG PBMCs Jf-3RiA 415 56
3 Pig

FI A 1964 4F A S Yk A Burkitt bk E498 4 5] EBV , £
X EBV [BF5E O 4 83 50 R4 AE 03— ok R B0 %
B BRGNS 22 Pk EL R B e 2 e e 1) &
AR, HEAhTT, FAE LA 120,000 fE & R 5 EBV
TR M,

EBV =5 53 o) M A% 1, 9 7 2 ol R b R B SR R
JZMRE LU BEA B 4 ). EBV (1A iy i — 46 1
ANy, FERE IR EBV B naive B 4115 Bl R & 1k 5E
IR RV IR I B2 A 1A S 10 AN TS/ RNAs, i
hy L A PRARIN) , S50k LR ) e A B DA 56 . 1% 0] EB SR 2%
i (EBV nuclear antigens, EBNA) JH4Z K3l B 40T A4 K= 1
B, U PR R R A s B e RS EBY R T 41
Z5IREERER . N T PR GRRE RN EBV A H
GoE TR P 033k B Y B 4 AR I HE AN 0k, (Y 32
ik EBNA1 K LMP1&2, kA I BRI, 300 S5k s & ar
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Fig. 2 Restriction-digest identification and sequencing results of pPCDH-CAR plasmid
(A:pCDH-CAR HiFEGYILETE ; B: MFF AR5 455 ; M: DNA maker; 1 :pCDH-CAR £ Xbal B Nhel REEHI/E ,anti-LMP-1 B9 F B< 804 bp;
2:pCDH-CAR £ EcoR1 B BamHI ESHI T, CD28-37 BE i< 549 bp;
3:pCDH-CAR £ Xbal B BamH1 X EEYIIE , BHEE CAR g & ERBEE K 2061bp)

( A: Restriction-digest identification of pPCDH-CAR vector; B: Part of the sequencing data; M: DNA marker; I: The length of anti-LMP-1 fragment is 804
bp when digested by restrictive enzymes Xba I and Nhe 1. 2: The length of CD28-3 is 549 bp,and the target fragment can be seen when pCDH-CAR
vector was digested by EcoR I and BamH 1.3: The length of recombinant fusion gene, CAR., is 2061 bp,
and the target fragment can be seen when pCDH-CAR vector was digested by Xba I and BamH 1 )

iR EL IR AN AT i CUR A R A M DA SC 45 Tk B 4

A B
BT ESBEASNAIEER, I T IR B E A 0
I EBV ey B AHI7ESMATRIR RS2 20 BU8FE, UK pep-car ;
5 ENBAL i 28 FH LU B i 26 AR A7 e, BRI T2UPR

) BBV ARG ) % A8 3 g AR T30 R 1 Aok

S RE £ 2 R i R B A T e S B OR E &
AR AN T] 4309, pCDH-VEC
Horr LMP 3% EBV B 5 B K 4 i 7 250 ey

W, RAtd EBV SURMEZNRT, LMP.1 2 EB iRRg— 3 SRR BRR B R 293T MBS 200% )

RERSF AL ST N BB YIS BB B 1, A E- Fig.3 Observation of lentivirus infected 293T cells by fluorescence
BV MR S W B S (A e, 15 5 40 icroscope(200% )

RGBT (0 2R A R M S SR 5, (e B A8 ML P A RS IR (ALBLC 435135 CAR B VEC SR4ZIB R B R 293T ARS 12 h,24
TR R, BRAE KR s, LMP-1 S 575 SR Y & h.48h)

e AR RS REEEER, vl 2 E Sl A S ( The pictures grouped in A,B and C showed 293T cells were infected by
AN B L AR A AR R 4 I ok e e A purified CAR and VEC lentiviral solution after 12 h, 24 h and 48 h

IRIBGRBE VA PRSI IS, A A e B AR 2 S G B A respectively. )
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DAPI Merge

B 4 3k BIMTEU RIS R T RS PBMCs(200x
Fig.4 Observation of lentivirus infected PBMCs by fluorescence

microscope(200x )
(A: REZ18mBTREF PBMCs; B:pCDH-VEC 187 B RS PBMCs; C:
pCDH-CAR 258 B PBMCs.)
( A: PBMCs were not infected by any lentivirus.
B: PBMCs were infected by pCDH-VEC lenitvirus;
C: PBMCs were infected by pCDH-CAR lentivirus. )

EBV GBS T O , e v IR B B,
REFR ARG REEE 1 ARSRE e RO WL TR, B o
FEARMLXT T EBV AT AR BIBE S TIR)T EBV Hi K
PR T BEAS . CARTFERI EBV AR 5 I i 8 5 da A
EBV RSP EARM RENE T i C 4R T AAT 200 il 2R Jie 7, 1
PRINFIHT LMP-2 23540 Ik Beifs 5 EBV $5 5tk T 40 7™ Az
IR 38, ki 1] i 22 o MR S A P T A S o A S )
HERN, (RSN T LMP-1 RS 8 51 T 40 (CTLs) af 42
EBV 1RS458 4E iy S e fbid B, H LMP-1 4§ 5344 CTLs £

CON

VEC

PRGN B i 22 R0 AR, BB B R4 A I A7 R 12
I, # i) LMP-1 35X — EBV SCHEURE /> FRIAEDNG f”ﬂﬁiﬁaﬁ%
& A KR AR o

AR, CAR-T 4 M i 4% fo % 77 L 7E LR 22 G0 I e v B
7530025 1 s R 280 60 G Ay 3 A Pk S B VR T A T S T A
R Z Pl 207 Bk T R S g 4 B R T A 40 11
A DUATE RS o i e e A8 g R ) Oy U A T 4
JEHAE T 400 Rk . B T dHIAE RS BEF TR
TR 2 R E RN, IR T 20 MR St ) 1R 31 i
PURBYRE S K MHC ()RR 1R,

HARHUR I ZERRT T CAR BYFE Stk . AR S ek
AR BT E M R 3R o AR IR TR 4 ELXs oo 200
s A BB PR AR A BARPLIR SRR 280 i
J84 #H 7Pt JL (Tumor-associated antigen, TAA ) Jf- A~ EL &5 il 23 21
JE AR BRI | X O ] / S g R 1 7 A AR AR, — I
T ¢ ST 5240 0938 240 0 35 THT R g A= A DR 32 /2% S5k T Epider-
mal growth factor receptor variant III, EGFRVIII) ) CAR-T 4f Jitd
BT, 9 Bl S T A CAR-T 415 R T R
TN 52 M R AR BB, 7R T EGFRVIIL AR g I
FEPERUR R AUEER, SR, EGFRVIIT U3k T A BRIY
v JeA A4 B P2 TR, G S R 4 R, DA TG RR A ) IR 1 o Y
B, PRI, SRR S PR A ARSAR CAR-T 20X T 1 3 4 i |
LR EENE TR S P B A I AR A B X B S AR Db
FRRE AT RO, il HBY @ B2 HCV Ui
E2 {8 P HIV gpl120P52 K I B X5 HIV Z e 8 bk )
TIPS T A0 COSE A 4k M A0 M e T vk s T
BEAE VR T 0y RGP RE

BT HEAERIST , ABFFELL LMP-1 3% — EBV & % 805
NS, BT g Feakbt -LMP-1 BT IR 118
ST BE IR AR , T8 ok A0 B , B R e B LG R O
25T R T BT -LMP-1 1) S5k TR 38 55 5 3 A AR

CAR

Comp-FITC-A, SSC-A subset
2.21%

150K ]

SSC-A
SSC-A

100K

50K -

50K Comp-FITC-A, SSC-A subset
51.0%

T
Comp-FITC-A, SSC-A subset

42.5%

100K

50K

00K -

50K 1

Comn-FITC-A

GFP

& 5 {8mE RS PBMCs &R NN GFP+ 4t &
Fig.5 Detection of GFP+ cell ratio in lentivirus infected PBMCs by flow cytometry
(CON: kZ 18 mE R H PBMCs; VEC: 318848 pCDH-VEC {858 B PBMCs; CAR: £ pCDH-CAR {853 B4 PBMCs)
(CON:PBMCs were not infected by any lentivirus; VEC; PBMCs infected by pCDH-VEC lentivirus; CAR : PBMCs were infected by pPCDH-CAR

lentivirus )
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PBMCs P, T HAL ) 5547 LMP-1 B 40 A RE 7, MK

11T 5 I P8 0 L AT i 1 ) SR BRI , T A 2 e 32

ARE 98 CAR-T ZRI G871 AE EBV AHSCHE A= ih )7 b

I o
MR it Fh Bt -LMP-1 144 PBMCs B 754 51 5t 32 4

JHE 1] LMP-1 BEAE e 20 % 1 E 0 9 S REAE FH IE AR it — 20

BEz

% % 3 #f(References)

[1] Grupp SA, Kalos M, Barrett D, et al. Chimeric antigen receptor-
modified T cells for acute lymphoid leukemia [J]. N Engl J Med,
2013, 368(16): 1509-1518

[2] Lee DW, Kochenderfer JN, Stetler-Stevenson M, et al. T cells
expressing CD19 chimeric antigen receptors for acute lymphoblastic
leukaemia in children and young adults: a phase 1 dose-escalation
trial[7]. Lancet, 2015, 385(9967): 517-528

[3] Fesnak AD, June CH, Levine BL. Engineered T cells: the promise and
challenges of cancer immunotherapy[J]. Nat Rev Cancer, 2016, 16(9):
566-581

[4] Plummer M, de Martel C, Vignat J, et al. Global burden of cancers
attributable to infections in 2012: a synthetic analysis[J]. Lancet Glob
Health, 2016, 4(9): e609-¢616

[5] Murphy G, Pfeiffer R, Camargo MC, et al. Meta-analysis shows that
prevalence of Epstein-Barr virus-positive gastric cancer differs based
on sex and anatomic location [J]. Gastroenterology, 2009, 137 (3):
824-833

[6] Pannone G, Zamparese R, Pace M, et al. The role of EBV in the
pathogenesis of Burkitt's Lymphoma: an Italian hospital based survey
[J]. Infect Agent Cancer, 2014, 9(1): 34

[7] Gandhi MK, Tellam JT, Khanna R. Epstein-Barr virus-associated
Hodgkin's lymphoma[J]. Br J Haematol, 2004, 125(3): 267-281

[8] Bollard CM, Rooney CM, Heslop HE. T-cell therapy in the treatment
of post-transplant lymphoproliferative disease[J]. Nat Rev Clin Oncol,
2012, 9(9): 510-519

[9] Pratt ZL, Zhang J, Sugden B. The latent membrane protein 1 (LMP1)
oncogene of Epstein-Barr virus can simultaneously induce and inhibit
apoptosis in B cells[J]. J Virol, 2012, 86(8): 4380-4393

[10] Hoover DM, Lubkowski J. DNAWorks: an automated method for
designing oligonucleotides for PCR-based gene synthesis [J]. Nucleic
Acids Res, 2002, 30(10): e43

[11] MA Epstein, BG Achong, YM Barr. Virus particles in cultured
lymphoblasts from Burkitt's lymphoma [J]. Lancet, 1964, 1(7335):
702-703

[12] Murata T, Tsurumi T. Switching of EBV cycles between latent and
lytic states[J]. Rev Med Virol, 2014, 24(3): 142-153

[13] Young LS, Yap LF, Murray PG. Epstein-Barr virus: more than 50
years old and still providing surprises [J]. Nat Rev Cancer, 2016, 16
(12): 789-802

[14] Zhang X, Sanmun D, Hu L, et al. Epstein-Barr virus-encoded LMP1
promotes cisplatin-induced caspase activation through JNK and
NF-kappaB signaling pathways [J]. Biochem Biophys Res Commun,
2007, 360(1): 263-268

[15] Kuppers R. B cells under influence: transformation of B cells by

Epstein-Barr virus[J]. Nat Rev Immunol, 2003, 3(10): 801-812

[16] Yoshizaki T, Kondo S, Wakisaka N, et al. Pathogenic role of
Epstein-Barr virus latent membrane protein-1 in the development of
nasopharyngeal carcinoma([J]. Cancer Lett, 2013, 337(1): 1-7

[17] Lutzky VP, Crooks P, Morrison L, et al. Cytotoxic T cell adoptive
immunotherapy as a treatment for nasopharyngeal carcinoma[J]. Clin
Vaccine Immunol, 2014, 21(2): 256-259

[18] Smith C, Tsang J, Beagley L, et al. Effective treatment of metastatic
forms of Epstein-Barr virus-associated nasopharyngeal carcinoma
with a novel adenovirus-based adoptive immunotherapy [J]. Cancer
Res, 2012, 72(5): 1116-1125

[19] Bollard CM, Gottschalk S, Torrano V, et al. Sustained complete
responses in patients with lymphoma receiving autologous cytotoxic
T lymphocytes targeting Epstein-Barr virus latent membrane proteins
[J]. J Clin Oncol, 2014, 32(8): 798-808

[20] Rooney CM, Smith CA, Ng CY, et al. Infusion of cytotoxic T cells
for the prevention and treatment of Epstein-Barr virus-induced
lymphoma in allogeneic transplant recipients [J]. Blood, 1998, 92(5):
1549-1555

[21] Heslop HE, Slobod KS, Pule MA, et al. Long-term outcome of
EBV-specific T-cell infusions to prevent or treat EBV-related
lymphoproliferative disease in transplant recipients [J]. Blood, 2010,
115(5): 925-935

[22] Jackson HJ, Rafiq S, Brentjens RJ. Driving CAR T-cells forward[J].
Nature Reviews Clinical Oncology, 2016, 13(6): 370-383

[23] ORourke DM, Nasrallah MP, Desai A, et al. A single dose of
peripherally infused EGFRvIII-directed CAR T cells mediates antigen
loss and induces adaptive resistance in patients with recurrent
glioblastoma[J]. Sci Transl Med, 2017, 9(399)

[24] Li G, Wong AJ. EGF receptor variant III as a target antigen for tumor
immunotherapy[J]. Expert Rev Vaccines, 2008,7(7): 977-985

[25] Bohne F, Chmielewski M, Ebert G, et al. T Cells Redirected Against
Hepatitis B Virus Surface Proteins Eliminate Infected Hepatocytes[J].
Gastroenterology, 2008, 134(1): 239-247

[26] Krebs K, Bottinger N, Huang LR, et al. T Cells Expressing a
Chimeric Antigen Receptor That Binds Hepatitis B Virus Envelope
Proteins Control Virus Replication in Mice [J]. Gastroenterol ogy,
2013, 145(2): 456-465

[27] Sautto GA, Wisskirchen K, Clementi N, et al. Chimeric antigen
receptor (CAR)-engineered T cells redirected against hepatitis C virus
(HCV) E2 glycoprotein[J]. Gut, 2016, 65(3): 512-523

[28] Sahu GK, Sango K, Selliah N, et al. Anti-HIV designer T cells
progressively eradicate a latently infected cell line by sequentially
inducing HIV reactivation then killing the newly gp120-positive cells
[J]. Virology, 2013, 446(1-2): 268-275

[29] Leibman RS, Richardson MW, Ellebrecht C T, et al
Supraphysiologic control over HIV-1 replication mediated by CD8 T
cells expressing a re-engineered CD4-based chimeric antigen receptor
[J]. PLoS Pathog, 2017, 13(10): €1006613

[30] Hale M, Mesojednik T, Romano I G, et al. Engineering HIV-
Resistant, Anti-HIV Chimeric Antigen Receptor T Cells[J]. Mol Ther,
2017, 25(3): 570-579



