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i OE: 20HLASMN TR ARG EEEEFATR A2l T2 TahSERRE A% BT
GHEGRN, MERRENFORRLEBR DT ERRLEARL LM —AFFAEESHF(CMV.CMV(in) ,
CAG.EFla & CASD £ T itk K562 & Jurkat w4954, X I EFla B3 F & E T Mk T ER RS,
EFle # A% E 38 dm mCMV 3 3% F F2 hCMV 34 5% TR XAE A k. MR T 2 #2478 B % F CCEF & CCEF
(in), REKFHENZREAMNEREN . FIHEG2ARBSDTFET @B T ERS T EFla, B#% % 481t CCEF &
HFERE H(p<<0.05), #I/A CCEF B3yFi4 PD-1 2Kk B . R AR AEBARBEL AR, HEEH
B35 % Ad-CCEF-anti-PD-1, i@ it Western blotting % ELISA 7 k4 & & T @ ik )5, 4k 2 B 09 & ik &
F, R A, AdCCEF-anti-PD-1 £ % T @ 6)5 . PD-1 Htkfe £ T 2o e P SE 45 F A , B 3K 335 % (K562 ¥ 11. 019
pg/ml, Jurkat % 9. 078 pg/ml) , & B 2R A5 09 T a2ty R B KA A SRy ik, B A RAF0 B R #T % .
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ACTAE Ay e Sy 240 Mo 1) S L2 )R o0 o AE 2 T
20 28 N\ JU AR RS AR I IS L iAok
BEE AN RS THRE S, Ho, &
el T 20 M an o s A S s A T A 4 e R 5 B ik
IR TP 5 1 B2 B0 9 A5 M R AR S PRIl
T 24060 44 A A7 1% I 8] SEE 4 55 ) 45 5w, 25 fiff ACT
R GRS DN T = N 14 -8 35S [ S Yad =it &
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FERTE T 20 rh e s AR5
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AR Ew. Huiw e s F— A CMV,
CMV(in) .CAG.EF1q & CASI %, #5538
XA B TR s — Se A R B TR AE — L
A REAR SR AIEIR . SRR TR A i B Y 3
PR PR Btz SR A3 (1) DN T 81 o AT R T 32 384 on 2 [R) 7
SRAIE S SR A () P 5 1 58 - i B ) I O O HL 3
SREESRATFR M IIRERT LA R . PD-1 & FERA
16 T 4A A e 2 14, 5 HECR PD-L1 254G 0]
2R T A5 T 5 HE 5 L IR 4R R Y
FB W, MR AT FIE PD-L1 3Rk
PRI E R T 4 Gy 4 T 5 DA T 06 3 A 3 R 48 1Y 4%
Y. HL—SeRHKT PD-1 8% PD-L1 259 88 7 7k
i R TS Sl P A M T A0 e . T S e g R
GEXTHUMIRE . B A5 R B, B PD-1 AR AT LA
VY53 Z— 2 55 22— W AR /)N A B i e S8 L BB
GERBE T AR,

AWFFEAE EF Lo (350 34 i mCMV 358 1
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FThCMV 458§, W T 2 D i A s 3+
CCEF }z CCEF(in) , ¥ CCEF % CCEF (in) & 4}
DR R TR HE J3 ) ) Sl 30 B 7 3R AR I e
B A IR A T B R MRS R G Ad-
CCEF } Ad-CCEF(in) , JFIH1Z R Gk % 2 4
A FTEN T 4tk K562 J Jurkat ik ; 7]
IR A A 2 KPR anti-PD-1 19 5 41195
# Ad-CCEF-anti-PD-1, J& ¥ A T 40 i bk K562 J%
Jurkat J5, Western blotting & ELISA £l 45 3%
R RBHOR, 2R 8RR, AT 40tk K562 J
Jurkat #,CCEF J% CCEF (in) ¥ & F % #0387
EFla, H CCEF J5 3hF ety g shZME R anti-
PD-1 78 K562 J¢ Jurkat 4l il o (19 3235 . Bl B B
BT T G s i 5 R Gk R G i g, 2
A R AT TS

1 #RFTTE

L1 2Rk Kt

S R 2 B9 T A IR S e R 0 R 32 42 TS ) S
H NEB 23 &, B UK RG] & 0 38 B RAR A
Jokr % e iR B M 7 3k P 2 3R GRSk A
Qiagen A #]. JE 8 FEH F%1 CCEF & CCEF(in),
anti-PD-1 3448558 5 A . JURL pDC-Rlue K9
FE Aok PPE3 . PPE3-Fluc 45 —FE K2E 4y
JERRANE} B2 g 5 R - 75 50 00 = A el . J 4 IR e 7
Ad-CMV ,Ad-CMV (in) ,Ad-CASI,Ad-CAG }% Ad-
EFTo f 55 22 B 2R 5 I AR 2 Bt ik A - 75
SR EM ., N T bk K562 & Jurkat ok H T2
TR R IR 7 RSN} I B 1) B DR B S A
MBS FR M SE B Gibeo 22 ], Western blotting
ELISA Jt FUAIEE B Abcam 23w, XSGR il
ity RGERMNAR G W3K A Promega /A,
1.2 STk
L2.1 Jash+ KRB R BUR AL M 4 e

LY s CCEF K& CCEF (in) % HE 5 2
Al [FIIETE R 2h 1 81 BT 430 5 LDz
15 Xba 1} Eco RI, % A pDC-Rluc #MA, BH: Bk
4y Wl 4w 4 k1 pDC-CCEF-Rluc, pDC-CCEF (in)-
Rluc, Jfi ki pDC-CCEF-anti-PD-1 7£ pDC-CCEF-
Rluc Semli AL, RI3E 3 436 A i anti-PD1 ik
FHL WSS A Eco R T X Sal 1 g4
R B AL M A B AL B pDC-CCEF-Rluc 2 A,
Bt RLuc 34,

1.2.2 HARRHEE AR S K E

FIFH Jo kL e e R &L o Bk pDC-CCEF-
Rluc, pDC-CCEF (in)-Rluc 4351 5 M9 75 B 28 i ki
PPE3-Fluc $L55 Yt 2 293 41 g £, %% Al 38 5 U5 75
Ad-CCEF } Ad-CCEF (in), ¥ & ki pDC-CCEF-
anti-PD-1 5 iy 35 B 42 Bk PPE3 3L L & 293
o A B R 5 B 7 Ad-CCEF-anti-PD-1, 51
S HEER LR 4] DNAL R 514 (3R DVTO001 A
519 VT002 J] PCR 43 7 s 48 e B9 g . #5190
pEF1F fi15| 4 pEFIR 4 & . 17 CCEF-Rluc K&
CCEF(in)-Rluc 9 PCR % 5%, #1514 Anti-PDI1F
F5149 Anti-PDIR 2414317 anti-PD-1 Z£[H ) PCR
R HL KM E o BRI A PHAES B e PR TR
HIF otk RHL TCIDSO 210 22 9 2R T4 BE

£ 1 PCR3|#F%

EIRZEN 519751530
VT001 CTGGCCAATACCAACCTTA
VT002 ATATGAGCTCACAATGCTTC
pEF1F ACCGTTTACGTGGAGACTCG
pEFIR CCCATTTCATCAGGTGCAT
Anti-PDIF CTTATCAACACTCTCCCCTG
Anti-PDIR GAATTCGOCACCATGGAAGC
L2.3 JAShFAEN T dHpR b i 3 P AG

AV FT S T MR TR T 1RO G R il
et R G0 W] 23 BN 5 05 B0 16 40 i ik h i a3
FiEME. A T 4tk K562 & Jurkat 43l #% 1 X
10* cells/FL4# 96 LR, & 37°C .5% CO, W4 24 h,
Ay 5K T 4L IR 3 Ad-CMV, Ad-CMV (in) , Ad-
CASI, Ad-CAG. Ad-EFla., Ad-EFlq. Ad-CCEF %
Ad-CCEF(in) 4 MOI=20 &&Ye A T 4k . 45 Fp s
BRI AR 3 N2 FL. 48 h J5 ] Promega 23 H] 3L
PRI TR RGN S I 8h T T
1.2.4 JR3hF#H PD-1 KR HEEAN T 24

JHRE 238 2 A

N T etk K562 & Jurkat 43 %i13% 5 X 10°
cells/fL4H 6 LA, B 37°C.5% CO., B4 24 h, 4%
MOI=20 43 7| &Y F 21 Bt 5 8 Ad-CCEF-anti-PD-
1,48 h J5 U4 e b 35 . Al Western blotting (fii F B
PN IgG4 (H+ D) ER—$0) B Ie.0» ELISA Jr
BUHEEDON 1eG ZH0a 3, BRPT A 1gG F, LA
POZ B HURAE AR E i, KR4 Ad-CCEF-anti-PD-1
TR B A A A A JES  7E 25 AR FR P 2 AR RS , FEAK
HEAR I M 25 P iR i 2238 ) 8 M AT anti-
PD-1 FEHINRIA,
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Rlug/Flue

(in) »CMV, CASI, CAG. EFla 76 A T 40 B Kk b 1y )
SYEPEE Do B 1 AT e X S5 SRS s
R EE gy A T i B bk K562 A Jurkat J5, EFla [

JA SR .
6l 1
504
2 40 4
ey
T 304
= 20
104 I
0 L |
CMViim) CMV CASI CAG  [lle
(b} Jurlat

K1 2 SRS 37 7E N T 2 i i A D

2.2 iR sh¥F CCEF & CCEF(in) [y 5 % &
1E EFla WAL b, /8 T iy g 8+ CCEF
S CCEF(in) (] 2A) . ¥z it iy bik 2 NE s+
A pDC-Rluc 84 J5 . #EATRED) 5528 . Bk pDC-
CCEF-Rluc & Eco R I+ Xba 1F§Y) Bl 1198 bp
+4 597 bp(El 2B(a)), ik pDC-CCEFin-Rluc £
Eco R 1+ Xba 1FY Bl 1 845 bp+4 597 bp(&
2B(b)) . DNA HE i i Uk 25 5 P i 7 45 1 55 0 A1
5, R PR A L T TR — 2P,

J18IF CCEF, CCEF(in) 45477 2 & I
FIB TORL G 4
(W EH M DNA Mix Marker; 1,2,3,4,5 35U RFEARFIR 7T .
2.3 TJABhT-Luc RIBHERRIG T R M A
EHE T HA MR FE AGCCEF Al Ad-CCEF
(in) (&l 3a) il eSS 19 732 F PCR B Y™
1 A e S A LT 3 (PCR 59551 L
D, WA 3 s, CCEF-Rluc 5 4H I 95 75 7]
DAY HGH R/N A 2 465 bp By H #2541, 55 FHME X AR

Al 2

o — 3 X B E ARG R % A CCEF-Rluc 2
J¥%1); CCEF (in)-Rluc = 41 I 9% 7 1T LA$™ 34t K/
k3106 bp B H /) 25417 5 B R S5 — 30, W LA
LI 4 % 75 & A7 CCEF (in)-Rluc 3 [H 5 %1,
X PG BE A AN BB 3t AR BH M BRI — By
748 bp HIZRHT X PR B AR A & A B 8 .
A3 PR A 1 K IOl T A A B2
I A 3 T s 1 . TCID50 325 I A5 3 20 Bt s
7 Ad-CCEF Jji N 4. 6 X10° pfu/mL., B4 I3 55
Ad-CCEFGn) N 4. 7X10° pfu/ml.,

B3 T ML A P e
7B K H M 25 DNA Mix Marker, 1 25 CCEF-Rluc, 2 &
CCEFin-Rluc, N #5BHPEXT IR, (a) B Pl 5 B 5T
#i pDC-CCEF-Rluc 5 pDC-CCEFin-Rluc, (b) [&H P
Sy Xt BB gk pXCl,
a3 F CCEF K& CCEF(in)7E T 41 1 1%
Rl
W R BHR S R ekl CCEF K CCEF (in)
JAshFTEN T dufbk b i J5 shils o (& 4. KT 4

2.4
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R LA B, JCIe 1 K562 41 it iR J& Jurkat o,
CCEF, CCEF(in) & 2 Fif 1 B 2 & F EFle 3
ZF (p<<0. 05), K hCMV & mCMV 1 5
ThRe Az EFle a8 TR RBHE M. (HAE
K562 4fffir, CCEF, CCEF(in) J& 3+ 2 [6] G 3 3%
55 1F Jurkat 4iiffgh CCEF i gl 1 if B 2 & F
CCEF(in) J3 8hF(p<<0. 05), T, $EH CCEF fE
o PD-1 K BUREEF MG 3+

124)

100F
8O
o I
M
20F
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LCF1 i CCTr CCL{im)

Rluc/Fluc{i

160 {a) K362

RlueTluciif

Ll T e CCLl

CCEFn

{b} Jurkal

K 4 EFla, CCEF, CCEF(in) 33 T1E K562,
Jurkat 20 i b 1 75 14

JE: CCEF, CCEFGn) 3 g7 E M B35 T EFle JA 851 (p<<0. 05),
2.5 ZRik PD-1 RKGUARR E A I st M e

¥ CCEF Jagh 74 F iy PD-1 2K SRR H
FRMESH AN AL 2 A i Ad-CCEF-anti-PD-
1 ag (B S5a) . FIRE SRS 1499350 PCR &35 45 5E
2 s B AR R B R L AN IR Sb i EE2H I T
3 S RCREREY 4 /N2 178 bpity H 454, 5
PEXF IR Sl — B0, RIUBZE AP R & A anti-PD-1

BN iZ BN T AN BED Y -5 PH A X B R/ —
B 748 bp H A1 WX AU 15 R &5 A B
7 B AR AL o

Kl 5 HAMRTE CCEF-anti-PD-1 #0 & K a3 % E
7 :B B M i DNA Mix Marker, 1-4 2}y CCEF-anti-PD-1 Jj§

9 N BRI o) [ P Sk BBORL pDC-CCEF-

anti-PD-1.b) [t P 3% pXCl,

B3 S ri AT IO R R K T
A I 15 0 J7 I 2l A 20 5 » TCIDS0 ¥ I 459
# Ad-CCEF-anti-PD-1 J# )&l 4. 3X10° pfu/mlL,
2.6 PD-1 RKPUAILFTE T 4 hFb

AR Ad-CCEF-anti-PD-1 B A T 4ififu ik
K562, Jurkat J5, ] f] Western blotting f ELISA
K ANFEIE A anti-PD-1 78410 o i 28 500% .

Western blotting 255 (K] 6 (a)) W u] LIF5 51,
ZHH W E 5 Ad-CCEF-anti-PD-1 8% ¢ (1% 41 Jifg 7]
IR PURESE 50 kD, 54 25 kD, A2 (1) 4
MIAREFR IR IZPUA R HGE, HPUR MR K
/NS A A, 2 W E A B B Ad-CCEF-anti-
PD-1 &4 N\ T 4 ffikk K562, Jurkat J&5 , AT AFEILZH
H PR IE #2235 PDL @ KTkt

ELISA %4 (& 6B) 2B, Bt 2 Ge A 1 5
B ant-PD-1 76 T 20 Jid v 5 2 3% %, K562 o
11. 019 pg/ml.,Jurkat H1 9. 078 pg/ml.,

K16 Western blotting #1 ELISA I 20y 3% b PD-1 Hifkik i
7 () Ml PageRulerPrestained Protein Ladder, 1 %84 I#i5 8 Ad-CCEF-anti-PD-1 &4 f¢) Jurkat i, 2 h A LIRS
1) Jurkat 20 b3, 3 WA TARW B Ad-CCEF-anti-PD-1 J& Y41y K562 ik .4 HARZEYL K562 4 -3 .
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a) fEH Mg 1. Jash ¥ EFla ZEA T 41
kg K562 f Jurkat R s s 16 Mhdmm . Fa k
HPHEE M Flue AN B2 £ Rlue XURAEFA
B B # 98 S 3 7 CMV, CMV (in) , CAG,
EFla J CASI, 3 FHi% 2 Go s I i 13X — R 5
SIFIEN T itk K562 J Jurkat H 36 1, & 88
Ja ¥ EFla WGP R .

b) Ja#hF CCEF & CCEF (in) [ 5 % 5 .
eS8 3+ EFla }2 EFlaCintron) 35N F 43510 A
mCMV 145 F hCMV 358 7, ¥4 3 H 87 17 ik A 7
& 8 F CCEF % CCEF(in),

o) A& CCEF & CCEFGn)7E T 40 (135
PERTIN 47 K BPOE R B Flue R 286 K i
Rlue XU 2 2 B 43 HB X S 3+ CCEF J¢ CCEF
(in) . 85 41 A %< g 93 5 43 1 3845 Ad-CCEF J Ad-
CCEF(in), ¥ %% Ad-EFla. Ad-CCEF K Ad-
CCEF Gin) g%t A T 4tk K562 J% Jurkat Ji , Ao
HERBHR A RGN BT A TR 31 EFla, fE 0L
It s 9 S 2hF CCEF J2 CCEF (in) i % B i
P2,

& BT T R B Ad-CCEF-anti-PD-1,
¥ CCEF JH a4l 1) PD-1 4 KRk 5 ik
FESR A B 7 56 R 41, 2 K 5, e 2h i 2 Ad-
CCEF-anti-PD-1 jj5 7 .

o) M E Ad-CCEF-anti-PD-1 BE I3k PD-1
SRPiAEILR , Western blotting K& ELISA il 44
RERZIEEREN S PD-1 4 K §i K 3k K 78
K562 )¢ Jurkat i i€ ik, HR B BE
(K562 1 11. 019 pg/mL,Jurkat H1 9. 078 pg/ml),

PITIE B A A e B AR A T 40 e R 3%
ISP IRE T HAZGTIARNE T T 400 b i S
Mk o> PD-1. DR A B 5d 1 B[R] 5 - 4 e i 4k
PEAN R S BE AT T AL
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Construction of Adenovirus-Mediated Gene Expression System
Suit to T Cells

LIU Pin-yi'» LU Sai-qun®, CUI Lei', LI Zheng-hai'» LI Jiang® LI Lin-fang®» WU Hong-ping® .
JIN Hua-jun®, QIAN Qi-jun"*
(1. School of Life Science, Zhejiang Sci-Tech University, Hangzhou 310018, China;
2. Eastern Hepatobiliary Surgical Hospital, the Second Military Medical University, Shanghai 200438, China)

Abstract: In previous studies, it has shown that the efficacy can be significantly improved by
combining adoptive immune cell therapy and gene engineering technology. However, this approach has
been constrained owing to lack of an appreciate transgene-expression system in T cells. In this study, we
constructed a adenovirus-mediated dual luciferase reporter system for screening the promoter activities,
and thereby detecting the activity of a series commonly used strong promoter (i.e. CMV, CMV (in),
CAG, EFlg and CASD in the T cell lines (i. e. K562 and Jurkat). The results showed that EF1q promoter
had the highest activity in the two T cell lines among these test promoters. Subsequently, we added the cis
elements from mCMV enhancer and hCMV enhancer to EFla promoter to develop two novel chimeric
promoters, CCEF and CCEF (in). Through dual luciferase assay, we found that the activity of CCEF or
CCEF (in) promoter was significantly higher than EFla promoter and furthermore CCEF promoter was
relatively the better one between the two novel promoters (P<C0. 05). Therefore, we used CCEF promoter
to drive the expression of full-length anti-PD1 antibody gene and insert such an expression cassette into
adenoviral genome, to construct the recombinant adenovirus Ad-CCEF-anti-PD-1. By western bolting and
ELSIA analyses, it was shown that the full-length anti-PD1 antibody could be correctly and effectively
expressed in the two T cell lines post adenoviral infection, with a concentration at 11. 019 pg/mlL in K562
cell and 9. 078 pg/mL in Jurkat cell, respectively. In summary, we have constructed an expression system
with a high capacity to express transgene in T cells, which has a good application prospect in adoptive
immune cell therapy for malignant tumors.

Key words: adenovirus; promoter; PD-1; cancer immunotherapy
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