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Abstract
AIM: To investigate the effect of recombinant
adenovirus Ad-PD-L1 transfection of donor
mouse C57BL/6 (H-2") dendritic cells on the
activation of receptor mouse DBA/2(H-2¢)
lymphocytes.

METHODS: pShuttle-GFP-CMV(-) plasmid and
adenovirus bone plasmid pAdxsi-GFP-CMV-
PD-L1 were constructed. The recombinant ad-
enovirus Ad-PD-L1 was packed, amplied and
purified. Dendritic cells derived from donor
mouse C57BL/6 bone marrow were isolated and
cultured. The cells ware divided into 3 groups.
Group A and Group B were transfected with
recombinant adenovirus Ad-PD-L1-GFP and
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Ad-GFP respectively, and Group C served as
blank control group. The expression of PD-L1
was monitored by GFP fluorescence in the in-
fected cells and identified by Western blot. The
lymphocytes of receptor mouse DBA/2 were
isolated, and then labeled by carboxyfluorescein
succinimidylester (CFSE). After co-cultured
with the dendritic cells in the three groups, flow
cytometry was used to observe the prolifera-
tion and activation of lymphocytes from DBA /2
mice.

RESULTS: Enzyme digestion and sequencing
confirmed the successful construction of recom-
binant adenovirus Ad-PD-L1. After transfection
with Ad-PD-L1, PD-L1 expression of dendritic
cells was verified by Western blot. The expres-
sion of PD-L1 in the dendritic cells infected with
Ad-PD-L1 was increased by 37% (P < 0.05). After
co-cultured with the lymphocytes from DBA/2
mice, the proliferation and activation of receptor
lymphocytes were suppressed remarkably, and
the proliferation rate was decreased by 41% as
compared with that in the control group.

CONCLUSION: Transfection of donor mouse
dendritic cells with recombinant adenovirus
suppresses the proliferation and activation of
lymphocytes from receptor mice through PD-1/
PD-L1 co-stimulatory pathway.

Key Words: Programmed death-1; Programmed
death ligand-1; Adenovirus vector; Dendritic cell;
Activation of lymphocyte
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ik MEMR IR EF R A AEpShuttle-GFP-
CMV(-)-PD-L14o M 5% 7 & R #ip Adxsi-
GFP-CMV-PD-L1, % 20 1% 9% & Ad-PD-L13t
ATEE. FIgfeshib. o & 3F /R EIRC5TBL/6
D RWDC, 4 A348: MR FBARAD-PD-L14+
F(AL), BEARE B (BA)F 3T BB L(C
28). Western blotiml 4% 3¢ /& &-28 2m it PD-L 1
W R, 5B ZRDBA/2 Rk Ctm i, A
HH R S F B % 3R 38 BE I e 55 (CF SE)474T,
FAEARCSTBL/6 R AIDCH=Z RDBA/2 N &,
B IR AR, TR X A B AL B i
#4938 74 H O

LR By BOm FiE 524 PD-L1#) T4 % 3
BARAA-PD-L1# 3 R 3. 35 AR CSTBL/6 /)N
R 9D CJE HPD-L18 &k F+%37%(P<0.05),
¥4 4 TPD-L189DCE ZARDBA/2/~ R 89k
B Rk AT 35k, 5B aart, PD-L1&
ke, A RRIPR T R e 3 5 A
A, ZARDBA/2N R da e 3 5 AR
41%(P<0.01).

ZEib B FAHKCS5TBL/6 R DCJE i it 3 k)
A X PD-1/PD-L1#7%) T 24ADBA/2 /) Kk
B4 el 0 38 ZH Ae ik

XE13: PD-LL; PD-1; HRIBUERM,; BRwmEHIA;
R SO 20 L AR L2 B T

KREA, 25, KA, PRERY, SFX. BARRSAI-PD-L15
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[ S A o A e 1 B e 2 A 11 Wk 2 40 PR 8
G JE R B . R TR N B R AR, A
T 2K D BB IR 40 i S e NV 25 2. LIRS 5 7
() ol S A () P R SR e T b (2 4 i
G A B R Y. H T Qi g, st
A 5 Re e T i T S i 52, PD-1/PD-
Ll(programmed death-1)F2/ 740170 1--1/F2
PR AT 253 - e A 1A — A S (1 o e i,
SRR RGP 015 (negative regulation)
F a1 1R P IS S 3 AN i b TR 41 )
PD-L1{J%ik, WEEE L PD-1/PD-L 13t il #4 %
FT N T A0 B PR 35 A R 2=, 75 5 S e T 52 I
% IRATR RS/ P D-L 1SS PR (1 T 20 s T 4%
&, BHYAARCSTBL/6/)N B il R I8 R SRk 40
Hi(dendritic cell, DC), 4 iR M FPD-L13Rik,

P52 RDBA/2/)N B IR ELA0 VR 5 15 7,
PD-1/PD-L 1L 5l P % A1) 52 44 bk 12 48 Ja 1)
BOE, B 1 RN ME Tk B 40 ) 77 A, T
AR BIBT B EHEF RSRAE H .

1 RT3
1.1 ##F C57BL/6/NRAIDBA/2/N R, 6-8 wki?,
SPFZ, &, W F 4L R A A =], Sl bk 7, [
h#E K. JFokipSport 1-mCD2740 H ATCC(3
[l B v 2E ) B ). pShuttle-GFP-CMV(-)
Hip AdxsiFkL LA A DHSa T MR8 AL % 2 4
T B b5 i L AL O BR A . PR
WYl ceu 1, I-sce 1, Xho 1, Kpn 1, Bg/1l
JiJ FiNew England Biolabs/: 7], CIPH(Alkaline
Phosphatase, Calf Intestinal)lltJ Ff Promega /s &,
DNAZE &1 Apfx DNA polymerasell F Invitrogen
N H), T4 DNAZEHREE H New England Biolabs
A, AN ORI R £ 8 e B i A |, B
FZ [T ) R I R AR AR A 24 ). EE AL/ BRI
20 0 1=k 4 B A 7 B (rm GM-C S )l A
PeproTech/A m], LPSHIZ2 545 % CI HSigma/y
], A4S ARPMI 164055 753506 H Hyclone 24
H]. PE-Hi/MRCDl1c, PE-Hi/NRTER119, PE-#i
/INELGrl, PE-Pi/ fB220 mAbJE H eBioscience 2y
7. Anti-PE MicroBeadly [ 3¢ K Jé A #]. CFSEIY
1 & EMolecular Probes/ ).
1.2 7% Bel NI FiKpn T 535 XU DI IR 55 9548
JitkipShuttle-GFP-CMV(-)flpSPORT1-PD-L1,
Wt I AT 2 4k i p Shuttle-GFP-CM V(=) Al
PD-L1 v B, miROEHaUER(22°C, 3 h), #ib
DHS5 /&2 &40 B, 7RI F R Uk LB L
B IR, BRI RV, SEBUTORL, Bgl 111
Kpn 1 X% % 5w B e, (R a4
B BRI DR AL 5 o0 BR S | I o . A
4 195 15 7R JBORE pShuttle-GFP-CMV(-)-PD-L1.
G348, I-ceu 1 Fil-sce 1 4y 5 X Y] pShuttle-GFP-
CM V(-)-PD-L RIS (¥ B0 25 B 42 i bip A d x s,
B IEL GFP-C M V-PD-L 1 ik HE F Wl 25 1
teifpAdxsi, mRUEHSRIERE(22°C, 3 h), ik
DHS5o&Z &4 B, {E20 N5 8 # PiMEMLBT
B S5FR 0, PR TR, $EHUTORE, Xho
T P D) 07 328 65 o PP o e g Sl s 25 1
B Fkip Adxsi-GFP-CMV-PD-L1. Pac | £tk
pAdxsi-GFP-CMV-PD-L1, B =4y 4 T3¢
S e 4 R 6 LA A P (P AN SL). AR D)/
B, AR E K200 pL, BEC—ASEPE N
NEHEE K200 pL, R IO GRF712 pl, 5
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K, 5. EHRREAJ-PD- L1 R SRSIR BN 44 ) SN B0 E 8V =200 1861
min/5 B E RS, RS EEHE 1S min, 4350 B 1 pSPORTI-PD-LIRKIEEL) m4a £/ %

200 pL DNAFUE B VR A A /S LR 4
I H (I 40 5 ARAIE 90 % LA ) 1 R FL v i i
R, AR FR12 hig e i aRdE. 13 dJa
HA90%LA 129341 iy i IR 41 fu i A (cy topathic
effect, CPE). 4L L3 4k 452/ L2903 41 g LAY 44
. T4 pAdxsi-GFP-CMV-PD-L14fi{k %
FH G e 3 5 B 5 0. WA ) IR B R AT
FEHT, BEXH200 X AR HE ST Buffer, iEHT3IX,
(R 1 W VIR B AT )G oS ity TNV, -80°C
1R-AE. Haifh )5 i Adxsi-GFP-mCD274%% #57
10 L, JpHS8.0f Tris-HCI 90 uL#k¢, LL100 uL
pH8.0M Tris-HCIE N 2% I IR, H et
jlﬂ\uAZGO&AZﬁ)/AZSOE/‘J{E‘ ﬁﬁ%ﬁ%*jéﬁ(VP) = (A20)
XFRBAEH X 1.1 X 10", R it I TCID507%
G DU B G 3

1.2.1 BARCSTBL/6/ BB #EDC oy 5 B g I
/N BRATURE B FT AR BE, 750 mL/L ZE#iRZE10 min,
T6 R ORI BB AR, FHRPMI 164085 77 %
MUE R REN . B, LR o on
ANLH Tris-NH,CUS ML 40 1. L u&M, A
MACS Buffer, 2.0, % i, TR0 I
h W R, S PE-TER119%i4K. PE-Grl#i
&, PE-B22041k K Hi-PEREERIF . 4°C M.
10 min, &5/0005¢ 54 4 RO AM SHE 73 25
FEH 4 IR BB AT 2y B alifk. LA520 pg/L
GM-CSFA1100 mL/L FCS{JRPMI 1640 41 Jfu
BIFJE, 7 2244040 S FRHH (0.5 X 10%/4L).
H37°C, 50 mL/L CO, " 597, MR BB, 7d
IS ISR A i

1.2.2 TLHMFHHFAA-PD-L14F£DC: HI3KK
DCIHEUS VA4 02 X 10° /LR 75 FL40 ks 77
B, BEFLINNO.S mL. 404> #3340 (1)PD-L1
Z1: RPMI 1640+ FE 4R 2 4/KAd-PD-L1; (2)
[ %F B 41 - RPMI 1640+77 [l #5484 Ad-GFP;
(3)A N R RPMI 1640. £L A B g0 45
Jii, BEBG10-15 mind2 2110k, 2 him, FEfLh B 7R
%E1.5-2 mL, 37°C, 50 mL/L CO,'Ni . 5%
10-16 hj, LA mg/LYLPSE S DCH#.
I s Je48 him, 32O WA AT =4l A
KrINGFP, B & 4 M gL 2. [m] ik A I 4 i
ToA5 L. T4 B 5 Ad-PD-L1 4 DC 548 h, $
A5 2H 40 B 1) B 1, 1T Western bloth il #5421
S fIPD-L1 121k,

1.2.3 34k B am M 3% A B JF ML 2 K AR
C57BL/6/ R #9DCHPD-L1 & ik 3+ % /KDBA/2
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YTE. M: Marker(1 kb DNA ladder)
MEEIRBIE: 8,7, 6, 5, 4, 3,
2, 1.6, 1 kb, 517, 396, 230 bp; 1:
EcoR | HARGHJ4E R 2: Kpn 1 +Bgl
DB EIEE A

N SRR B LI e MG A 0 R e SIUME B F Y
AEFEDBA/2/IN R, BT E T /D ERPMI 1640
B RN iy A R O = 7 PG N A N
B 40 0 B9 B TR A A R Al i, B 37°C, 50
mL/L CO,H155%4 h. ZHCHR[14]0 7772, KH
TR FEDO G FE T IETR Y H IV R (CF SE) X bk
A EAT FRiC. H45100 mL/L FCSHIRPMI 1640
R FR I B A A2 X 10°/L, LL100 pL/ALhnA96
FUBR. WS 4 T 48 hifj341DC, 25 mg/Lez %Y
FHEC 37°CAFEZ0 min, YEIE3VRAE Jy H) A i,
Lk an o A1 ¢ SIR Ll i N 96 FL BT R,
FFFLAFR200 uL, BRZ B3R AL, 259796 h,
WA 2, Uit xSt AR I CFSEZ DGR 4k

2 B8

2.1 pSPORTI1-PD-L1 /i 4 84 B b % 52 Feil] 5 H
PEpSPORT 1-PD-L 15tk (¥ B 1% v %11, /N LPD-L1
HERfifESal 1 MiNot 1 28], HEcoR 1 Hilig1]
NKpn 1 +Bg/ XY, 735 7] 1321£76.5 kbl
1.3 kb2 Fr Be (1), ZEATDNAXL [y, 2830
J 45 S 53 BT R B TR LU 43 BT iE 5, 5 3¢
BR[O1HIEPD-L1cDNAJTHI 8. RIFFATE K
3k#3PD-L1cDNA.

2.2 pShuttle-GFP-CMV(-)-PD-L1 F# R #5694
#A %% FpSportl-mCD274HBg/ 11 +Kpn 1 X
MY, VIR EPD-L1JE R 1)1.3 kbi B, o
I 4 A FH [EIRE XURE D 1R 27 42 JSURLp Shu ttle-GF P-
CMV(-), 73 BT B A R V& TR, 2B gl
[+Kpn 1 BgY) % 5E, 135113 kbAI5.1 kbPiAN v
B, WEWIHEA R BUERA(EI2), K5 BBk a4 0
pShuttle-GFP-CMV(-)-PD-L1. £ FEiiF B, 55 3k
fRIEIPD-L1 cDNAJTHI—HL, R ).

2.3 PD-L1 ¥ W0 5% 4B R AL 69 # s e o
R % 3 I pShuttle-GFP-CM V(-)-PD-L 1 JFi ki 4
I-Ceu 1 + [-Sce 1 XUMgY), B 2.4 kb EL.
FHFIRE (B p Adxsig i, Kl U) ab B 4T ¥ 2k

B #] G288, L
Wy 3k ] 84S 5 Ak
BRI F R
Ll R
THREE
PR o S 2
T S h % K
AR T A TR,
THATH LKA
¥ ¥ Fas-Lbg & A
RESFARRE
Hmpr . B
B AT B IR R
CD40L & 3 3t 4t
PR 3k ) AZ 5 A
B F) AR S
#HLAAS % K 7%
T 3R 2 ik fa e
RaEa-FaEME
7k ARA R T
ST@ieA 8 A
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VAR § BT R A,
JE B AR R A AL
0, FELBT 3k ) i aE
T HE 9B R W
TR R, R
ABR P, &
HM#ET APD-LI1
R E) E K
Mk B ARAd-
PD-L1, #& F 44k
C57BL/6 R B
B & R 49mDC,
¥om k& @
PD-L1%&ik, B
ZHRDBA/2 0 &
Wk E 4m i R A
¥, @iEPD-1/
PD-L 13t 3 % i@
B R AP ) X ARk
T E, B
Gk K F RS T HR
RN AL P I
7 ik B Bk Aok
HEF R B R A
B9, B AR
JRaE.

M 1 2

B 2 Bg/ll +kon | BBUIEE
pShuttle—-GFP-CMV(-)-PD-L1. M:
Marker(1 kb DNA ladder), M _EZ
TE:8,7,6,5,4, 3,2, 1.6,1 kb,
517, 396, 230 bp; 1, 2: pShuttle—
GFP—CMV(-)—PD-L1.

5.1kb

1.3 kb

GFP
D 200 E 200
160 }T‘ 160
2120 £120
3 3
S 80 8 80
40 40
0 0
10° 100 102 10°  10° 10° 10
GFP

M 1 2 3

3 Xho | BBEDEEPAdxsi-GFP-
CMV-PD-L1. M: Marker(1 kb DNA
ladder), M FEITZ: 8, 7, 6, 5, 4, 3,
2, 1.6,1 kb, 517, 396, 230 bp; 1-3:
pAdxsi—-GFP—CMV—-PD-L1.

M1

100 10° 10 10° 100 100 10° 10°
GFP GFP

100 10° 10
GFP

B 4 REMOHEIRRSEENDCAVERMER. A: Hb44L B: MOI = 100; C: MOI = 200; D: MOI = 300; E: MOI = 400; F:

MOI = 600.

1 BORIAE N v BOBE AT 4, b 2R IR S
A MIDHSap bk, $EI3APH MR AL B V5 kL, £
Xho 1 BV G430 Al W14, 11.8, 4,2.6,2.47, 1.45,
0.6 kb 7457 (1&13), iF A # ik it ). 15 25
2 P L0 Ms 7 B 4 TORLKs Ho i 44 S p Adxsi-
GFP-CMV-PD-L1.

2.4 FLRR A B T A gl A 5o I IE VI H:
1.20-1.30. Kl gh 54 1.28 75 & I Yu . s
A0 40.595, AR mL. SR TEBRIECH: 0.595
X10X 1.1 X107X2 = 1.3X 10" VP, YL
I &5 2 X 10" PFU/L.

2.5 RIEMOUMAR # 2 M NfLIEFER P DC
$e, #IEMOT = 100, 200, 400, 60073 5 IIAA
[vi) £ ) R B AR, 2 A0 R e R (00 Sl K
22.8%, 30.8%, 36.1%, 40.2%, [El4)LL A 55 4t Jm 4
WO T EEA5 (49 5310 4 2.26%, 4.68%, 5.39%, 10.9%,
KIS) LR IEMOUE, HZIEFHMOI = 400117
2.6 pAdxsi-GFP-CMV-PD-L1 %% # B £ DCH)
B8 GO B N SR, AEak GO Il IE

GFPZWR, e T M s BUA D C R H 5%
(430,52 61 6). pAdxsi-GFP-CMV-PD-L1
2 IS 745 I 5 T Western blotk il & B: fL4k
C57BL/6/N D CIIPD-L1 43k LE ot R4 T T
37%(P<0.05, [K17).

2.7 BT THMRMABAFEAI-PD-L18 K
C57BL/6/) ADC 2 AADBA/2 )y Sk & 0 L%k
EHe ey e AR FEAd-PD-L1FE G 11
HEARCSTBL/6/N R IDCH 52 KD B A/2/N BRI itk
EL40 AT IR A 3G IR G, B A T 32 A4 e
0 0 BB RS A, S0 IR 4R B, PD-L1%&3&
THiE )G, S RDBA/2/IN BRI ik £ 48 i 14 5 FAAIC T
41%(P<0.01, [&]8).

3 1TiE

PD-L14r ¥ 2&B7# XM — 0, FEFRIETH
i 5 328 40 i Gn A% SR 4 (D C), A2 AP D-1 8
BRSO TR L4 B, BANAE . 6 2 40 i 71 g
M4 e b k. PD-L1FIPD-1 1454 v LA3HIT
0 52 A4 A 5 60T 40 15 R0 40 i AL ) 0 1,
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K, & 2HIRREAJ-PD-L1 AR \SSRSIRABIEN 244V ) SN 4B RUE e =200 1863
A 10° - B 10°r c 10° mZAEE
1031 103 gt o, 103 T 4 APD-L1
f s iy ; EE RS
— 102 K —102L gt . — 1021 ! ¥ éﬁkﬁ‘,ﬁ-m}ﬂ
[ o o T UM FA-
: PD-L1%: % 446
10+ N 10+ 10! C57BL/6 /1 S A
¥ A | : R, @ik
100+ ol Tl _y 1 il | 100+"' FEme . o 1 | 100 -' | j”]/%iﬁ%PD-l/
10° 10 10 10° 10° 10° 10 10? 10° 10° 10° 10* PD-L1474 7 %
AN AN TR T 2m R 89 35t
B 10" E 10 &, Hik— i
R e S
, , T E T
103} 10° - ol RN AT T
".‘_: '5:\._": T%&
510’ (U
10'F 10 A
100 L LI x -\-';_'.' '1 . | 100 L e b i ..h: Bt |
10° 10t 10° 10° 10° 10° 10* 10° 10° 10°
AN AN

5 AREMOHEARSHAELBDCATIER. A: KLY B: MOI = 100; C: MOI = 200; D: MOI = 300; E: MOI = 400; F:

MOI = 600.

6 R TEERRSEPEHVNEBSBEDCEOLRRIE. x100). A: FIETHE B: SO TRME:

33 kDa

GAPDH

1 2 3

7 pAdxsi-GFP-CMV-PD-L1ERIHRERLHNED
BEDC. 1: PD—L14H; 2: 285 {A4H; 3: W IE4HE.

JETANMEAL I SR 51 Bare gty
WEFTUESE, #1545 T PD-L1-1g ] B 3.0 I 7%
R HE R SN, 3 s B R IR A3 ). R 0
W PD-L1/PD-1 3Ll A% 5 v LEAIRT 48 i Ay
SR (immature DC, iDC) i TB74> 7%
AR A, PD-L1KRIEAIN 5w, NIk 5 8
PD-L1/PD- 115 S8 EiDC bk 3545 844 -
BT A T4 M 0 N 1T R SR 4
Hfd(mature DC, mDC) b1 T B7HIMHC /¥ & 5
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ik, RIS FPD-L1/PD- 15 538 % 130k
Thie 52 2081959, 5 B0 7 5 301 B 7 1 F
At ) SRS, T A T4 3 A e 5,
TEARWFICH, BATTRIEE T & PD-L 1R DA ¥ i 25
B R ILFHARAD-PD-L1, # YA C57BL/6/N
BUE BERIE I mDC, 34 LR M MWPD-L1RIA,
P52 RDBA/2/) Sk EL 40 PR A5 5 5%,
PD-1/PD-L 1 ol P i Sk 00 52 A4 bk £ 41 it 1)
WO, B K RSO PE TR LA e A, AT
IR BB 1 SRR R N KA B . BATTR I,
JI 955 B2 B AR A d-PD-L1 85 Y AR CSTBL/6 /)N i,
FImDCJ5 HPD-L1 R IA T i T 37%(P<0.05),
B TPD-L1IDCH ZADBA/2/ B Ik
ELan e BEAT LR 9% S AlA L, PD-L13%
W TEEE, W A TR A A ) 1 A AN
AL SZARDBA/2/)N BRIP40 i 384 58 B A T
41%(P<0.01).
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[ BACK L4
R R
kA& BB A
Bt I 5 B% (CFSE):
CFSE &£ — #
fiow ot AR
REMTFitm
ROLTE 0 52 Fe A,
CESE#t A it )5
TTARTiHEH S
o o M G B 4
A% B4 ) e K
Rt Ly
#Z at, CFSEART
KT T35 5 B
B AT K 8 e
P, B — AN
LR OEC Dk S
# B AE X il VA
F K e kR
JE g — X 8 R
A HFAE, FF T A
2488 nmigt & %
TH#AT M. B
BFERESHT L
S R 64 E AL
SR . A
T—ARBME
BRI E S,
CFSEARZH K i
ZET, o9k fm il
FE3H-TdRHN %
FMTTk. X AP
F ik R E B
K bl e e
¥k, B R A
FR T4k oh 52 58, W
CFSE#rit3 K4t
Ao e, Tk R
& T4, 4K K
tRoh 8 3R XAt
oL AL EE AN
a6 o B g,
h %, 95 4 R 6h ¥
BAOMRBET £
He 4=y 64 FHE.

A B

160 240 320

Number
0 100 200 300 400 500 600
Number

80

0 50 100
Channels

& 8
SN H62.8%; C: XFRRZH: RAZUMIE 5 48.6%.
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