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# E PD-LPD-IRESHBRIESEN —RNHEGSER. HTHUTHEHEN PD-1

Z (KPH W PD-L-PD-1 B9 48

HER AR PD-1 5B (aal-aal 67)PE M BT I HE o FilbiT T HB R A, XM KRG EE. WET RS
/NEL PD-1 HIYMBE oDNA(=PD-1) %) B 85 Bk F2 ik # 4% pPD-1 A FI45 19 «PD-1-CFP H 4 5 1 b B 0 TR 3k 8 & pPD-
IB; IR RLRENHEZLF Y IERSBBME A T 279 (PD-1), BN AL A MR PD-1 W H X
e PD-l REKHEARRG TR EA . PO 1 EMTHENAKRKERBCARBESBTEATHRE MM, S
HIE Hep?0-H22 LR K E SR TER R D ARG E AR ER. PD-1 EERARENHEIENBER
RN LR S FHAI RS E, ERREMEE S R ATERY T AR MR EA RO R

A BRET -MEHREERRTFE,

XA PD, WHEHSE, ABEER, AREE
h@H¥EE R730.3 TRIFIHE A

THREEHENSRRELAERZHIRE
hoRREMARAEZREEEEMREHE. PDAET
MREAERANEEN A B THZE HEKER
A :PD-L1Y- (#F#% B7-H1)#1 PD-12" (3¢ % B7-DC).
PD-Ls ZEMRBHBEP+TEENAFETHTF, 7
EMEARMEE PR SR BAEE LH
BRI AR RS R, A ERTRRE
HIA ( dendritic cells, DCs) ZH, EEEREHN T H
fitdAFKis, PD-LUTHE THRKEM~L40 81
B, iR CTL 698 T, 8 b5 okl 5
BERAGERY . B PD-L 0GR T 4110
BT , T3 SR ST R FE ' L BL PD-LI HLRE S Y
el oLl IR E L TR

BLAR P i — 2 i 7Y oF ke u] % 4 o o] WS A B X,
EHTEBIIIRE . PD-1 B— TS EA BAEAEZ
BTEEERAERAMAEYE PD-1 78, F3CH
RTPAFADNABHBEARWET 2 M EEHEB &K
Rk, FI%E PD-1 S EBAI PD-1 JEANBR S5 2
BRAEFEQ(GFP)MEMWEARA, TBXHAER
MEBXREPDRSWEA[FEHES, X B el 5
PD-1(sPD-1) £ 45 B B PD-L/PD-1 {55 3 1435 T 4 i

Wik B 4 :004-02-27, # [E] H 3 : 2004-06-04,,

3 ¥ 4 S 1000-3061(2004 }05-0699-05

3% 405 P 380 40 0 1 HE
1 ##5rFE®

1.1 ##

1.1.1 EZEL A :DMEM . RPMI 1640 ¥ 5 fh 4
7% (FCS) X TRIzol A # B GIBCO 24 %) ,DNA &
A T HLE§ M G418 4 Promega 24 7= &, Dosper J§ i
¥ H BM /A A), ConA A Sigma 2> Al FE 5. PR
FHT0 (Hsp70) -HR2 IR ESGPHHE S WL
ki8],

1.1.2 Bk A MY . BB pcDNA3.1. & GFP
ERWPWEBEEREEAREN pTacer 15 lcZ EEK
peDNA3 . 1/His/lacZ( placZ) 3 35 Invitrogen 2> Fl F5 fh
ATHRERABNABEELMR, BRZ s
L. Ea BT ERBITHAE A TERHE
BAEH KT 98%. E.coli DHSe HE P H Z 1%
7 BHK 20 bk Fn H22 /DR FFEA M bk 8 P E M
REROEEPLCEL), HHARSEFTE
10% FCS B9 DMEM ", iE# /> B 48 2 . Hsp70-H22
HLE IR E & Wk ConA R A/ B AL 0 ML i ] % &
WXHR[8], 402 2 pg/mL B ConA RIF S L iF

E2BH B ESERBT R AR (973)i 2 % By B (No. 2002CB513100) .,

~ BiRfEE .
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B % # 0%

F*ik PD-1 OECHK PD-LI™ B MR IR IE K T &
10% FCS iy RPMI 1640 ., R B /R 8 R
FEFEREKRIVFR.

1.2 hHZE

1.2.1 RT-PCR:{ RNA A TRIzol if jRI 4B BR , 3% i FH
Fi#1T. B PD-1 MUSBLEY RNA K H £ ConA
RIS B R4 ; BB R RS 8T, RNA £ IR
B R R G0 BHK 41/, J 420 RNA B8 DNA
MERAOShEB#TTEE R, PCRIEYE 1.5% K
JEVESER LIk, ML Z 4T,

1.2.2 /NE PD-1 fiSMEB DNA B REEREBERZ
BARMHMER S PD-1 MSHEE (aal ~ aal67) Y cDNA
FEB(EAES KR )Ml RT-PCR ¥ #, GFP £ 4
HERF PCR H¥EMN BN pTracer I 1%, pPD-1A K
PD-1 fig5h Bt 9 cDNA K Bt ifi A pcDNA3.1 B Hind [l
MERI s mm, frRASI WA 5: 5-
GGTTCATAAAGCTTCTGAAGGCGACACTGCC-3', 3" )
W5l A IE#H®B.: 5-CCTGGTGAATTCATTGAAA-
CCGGCCTTCTGG-3', pPD-1B & PD-1 M 4h Bt &)
cDNA H BX (Wi 3wt BB U062 &5 Hind I 0 EcoR 1 )1
CFPEEARFE(WMH IS FoR1 1 Xba 1)
4R A peDNA3.1 9 Hind [ 70 Xba 1 i & T K,
FiF PD-1 KBty %514 :5 549 pPD-1A,3’: 5'-
CCTGGTGAATTCTTTGAAACCGGCCTTCTGG-3';  GFP
b B ¥ ¥ 5] $: 5. 5-GCTTGAGAATTCT-
GGCTAGCAAAGGAGAAG-3', 3’3151 AL L FH:
5"-GGCACTGGTTCTAGATCAATCCATGCCATGTGT-3',

LR E R Bt S peDNA3. 1 iR 22 48 0 F) I 1) 71 i
RS %k E. coli DHSo, i A FH LR AN
F¥E.

1.2.3 MR 2% M5 A& Dosper B HI 5, 7 24 .

L hiiT. WetE et , BHK RFE EE 60% ~
80%ETHE Yy , LI BG4k 2 pL, pPD-1B .pTracer.
placZ iR ¥4 0.5 pg,48h J5, placZ ¥ 3§ i 40 B LA
X-gal il/AIRX Y, KEFRMMRTHEEX LR HER
B HEFLEATRAARMLEN. B2 Y pPD-
1A JRLRS , 5% 3t 24h /5 1N 800 pg /mL G418 FE ik, 35
FIFGLERTRMTEAGZR.

1.2.4 o 40 (LR W B4 LR ConA I BEIR 55
48h 5 B .0 & B, N pTracer( 31 18 )5 pPD-1B % if
BHK AMiE 5 LB ZRBE th, i —KE L
FACSCalibur( BD Biosciences 7 &) ) ¥ # , CellQuest 3k
oo, R P HRAEEEAFER. EKERE,
Ma iRk 5 PD-LI ML PD-L2 W &

(eBioscience, & 3 pg/mL) Z B F 30min, F 5 H A
LEBETEH,

1.2.5 @M@ AGR. 2 0XH 8, RA MIT
BW, MRS RAEA L Ea R 4:1.8:1,
16:1,

FEWHR sPD-1 M E AR BN TR P,
B K EE W H22, £ & Hsp70-H22 Hi R BKE
FYMENERE AR, TS SRR P EE
FEH P 30% AR AS pPD-1A FRBI IR K.
WA sPD-1 XA EAME FB LR HEH
M H22 5 pPD-1A AR S5 4 EEBE b B S
Hsp70-H22 32 fk & & Y7 8078 B0 FR ok 2 40 B (3R
HKOBRE . HTRABER,

P B8 rh Y i B B X IR - S Y O kA
BEFRMIESR H22 QM BN 41 B K 1E 5 B8 48 R (Xt
B A)E Hsp70-H22 HLE MR E S MBI KEH
fa (%t B8 B).

2 ZF

2.1 FiEHEHE

fikL pPD-1A 0 pPD-1B Ay 2 E ¥ & 1 fF
o MATBIB M EXEITHNLEE, Ll Hindll A
EcoR T E§¥)) pPD-1A, L) Hindll . EcoR I 1 Xba I
EE5LD pPD-1B, BT =AM R KNG MBI —H
(BHEXRER), BE¥ 2 TENATMFE(LEE
THEMTIBEHEARARFARAE), cDNA FFIHY
GenBank 270 FF 5 — 3,

Mouse PD-1  Signal  Extracellular region
¢DNA L ]

[(pcDNAa. 1
\Q 15bp 4
Findll]
+Abal

Hindl[l
+fcoRI

Hindill+E¢oR] |

B 1 Fk#{E pPD-1A R pPD-1B 99 H

Fig. 1 Scheme for the construction of expression
vectors pPD-1A and pPD-1B
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2.2 WEHEESA/R PD-1MRERE

PD-1 A S R—AEBEA,EN R SR
g4, ki pPD-1B 475 PD-1 MM B (S HF S/
F9)5 GFP MM & E . E&EiAFKHE pPD-1B
M pTracer FR UMM B A B EZHWEN R X
KR DL R S 0 S BHK S0, tE iR S %
KRER, BN pTracer R MMH XA RHEEH T
MR (E 2a), M pPD-1B #F MMM A4 HE
FkowtErEy, RER S BHERAFERTBE
=49 ([ 2b) , placZ BB AR BT A %08 Be 385k (M 2¢).
RT-PCR B /R ¥ 3¢ pPD-1B R R B 4B i K35k F PD-1

(a) (b)

M5 BR Al GFP M $F 7 ¥ 43, T placZ B 40 M M 3%
A PD-1 1 GFP #¢ Rt &% (H 3),
2.3 WMREEANRPD1ISUREARANES
¥ 4 pPD-1B 5 48h 4 3% 5% b & (sPD-1-
GFP)5 % ConA RIBM/ RIS HREF, L HAH
AN, 5 REE, ARREANEAEEAR
WE(E 4,42, %A PD-L1 #$1 PD-12 MHL{k
34 P R 4 R R T A PD-1 BE PR, B8R 4 M 38 T A 2R
BEWNLEFTREMBEKF(E4G), RURER
VESEFI SEERAREZEN PD-L1 55,

Bl 2 PBHK {EREHE &4 T 54 pTracer (a) .pPD-1B (b)H1 pcDNA3. 1/His/lacZ {c) i b i) F ik 1 3
Fig. 2 Expression of pTracer (a) , pPD-1B (b) and pcDNA3. 1/His/lacZ (c) afier BHK cells were tranfected with

the plasmids under same conditions

3 BHK #H M ¥Hy pPD-1B 5% placZ 5
RT-PCR & M %8 5 #h 235 K4
Fig. 3 RT-PCR detection of specific expression bands
of BHK cells wranfected with pPD-1B or placZ
1: DL2000 DNA markers; 2; BHK/pPD-1B: PD-1 primers; 3: BHK/
pPD-1B: GFP primers; 4: BHK/placZ: PD-1 primers; 5: BHK/placZ:
GFP primers

2.4 pPD-1A FiX 3T H22-Hsp70 H S B HMEMN
RABEGEEREW

pPD-1A R 4 5 PD-1 M5+ B 8 ¥ 51 55 pPD-1B
HE, REAE GFP, HHER GFP W] fEXt PD-1 4514
BHEW, AR pPD-1A R E PR R H I

150 150
A:Control A:Control
120 B:I'reated with 120 B:+Abs
sPD-1-GFP AB
i) w
[+ Q
[ ] © 603

- 0 - - -
{1 T RN T ST LN T+ LN [ LN 1 G 1 L 1
FLI-H FL1-H

B4 = i A 50k M A 40 B 2 T B 9% 06 3R BE ) B 1L
Fig. 4 FACS analysis of fluorescence intensity on
ConA-stimulated spleen cells
The spleen cells were treated with sPD-1-GFP (left) or

pretreated with anti-PD-L1 and anti-PD-L2 mAbs (right)

B, 2P WEBRSLTHEER Y pPD-1A 4K
BHK-pPD-1A, 7ES{E M A B i A FL 85 5% &
B(&sPD-1), 5B A(EFRARAG EHR H2
40 i ) B¢ X B8 B( Hsp70-H22 i IR ik & 4 4 i i% 69 J&
MEMMAGIERN H22 ) ML, TS RE
Bt H22 AR A% (B 5, P <0.05),
X 7280 sPD-1 Al @ T FEL BT PD-L1 & 1F A i {8 2F A% 48
L IE o
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2.5 pPD-IA BEFHERT H22 B £1G
ERMEM

4 BHK-pPD-1A W35 3% L A0 B H22 £ 4,
AHEMENBNARES, #TAGEXR.SRE
R, SRA N AL, AR AT LR B 3 E 2N 41 B R
H22 BHM ARG R (E 6, P <0.05), XFEH sPD-1
AT LASE ioF BH B R A 40 MR R TE PD-L1 M{E R, BLAW
PD-L/PD-1 il ¥ 15 5, 3 952 30 055 9 2 40 B 09 % 0
IhEE.

—e— Control A

*
60F '\!\- —=-= Control B

40 —i— Spleen cell
treated

Cytotoxicity/%

—
16:1 . 81 I 4:1 I
ET
5 pPD-1A Rk Hab B apa o R L 1w
Fig. 5 Enhanced cytotoxicily after spleen cells were

treated with expression product of pPD-1A
Control A: normal spleen cells + normal H22 cells; Control B: Hsp70-
peptide complex-stimulated spleen cells + normal H22 cells, * , P <
0.05, compared with control A or B, Student-t test

100

80 ‘\‘_\; —o— Control A
60

—&— Control B

40r —&—H22 cell
20k treated
—
0 L . )
16:1 81 4:1
ET
E6 pPD-1A Tkt 2 MK AR ER
Fig. 6 Enhanced cytotoxicity after H22 cells were

treated with expression product of pPD-1A
Control A: nommal spleen cells + normal H22 cells; Control B: Hsp70-
peptide complex-stimulated spleen cells + normal H22 cells. *, P <

0.05, compared with control A or B, Swudent-t test

3 itip

TH MR REEZESR WA CTLA4
(cytotoxic T lymphocyte antigen 4) 1 PD-1 ( programmed
death 1), Ef IR BB Z 4, AT HRIFG 5H
WRKEEESMHEES™" . CTLA4 5 D28
(BEEZRE)R—MIERAMEROZE, HRES N
B7-1 M B7-2, RAIHLUE M BT CTLA-4 5% 09 7l i ¥
(55, TSR AT X4 e 0 B9 IE 1) S LK, S SE R A
I B 3 B BT BR 75 R 40 b 0 43 R TE R T o 1Y
AR, AR R R R, T

Cytotoxicity/%s

WHAESEREASRERN Y., B, RITEE
MR R PD-1 160 R R IGST # I M 1ER .

PD1 R —F BSR4k, RI1%H PD1 /AR
(aal-aal67) RIS X cDNA( B H IS S HRFEH ) IEA
peDNA3.1 iR WEBEREABEZZBE  EHA RS
PR R AT W4 T BE A B GBS R AR
EaAERFHEMAEENBAKR., UEARTZERILEN
B TR, ERERNBRSEEREAMN Fe BE

HHUXEFFESHEFE Fe ZHNAREE. KR
AERIEENAHEES T 5 -, Filk Fc B
AR E AR EES X RS THUREMSEM. &8
REREXHA B XAEESHKAENG PD-1 fSNREZE
BRb AR, LB — M AT AR
RITT B4y T, X L BT PD-1/PD-1 [ SR R4
T-MENFE.

PD-1 5 GFP MR EHE QK v T R 7T & .
AWERSF,FBTUREFHEL S PD-L,XRAE
ES -SSR S % sPD-1 BIHEE ¥ sPD-1 5
HedBYTarHEadEahRAgefrH.

BT F AL R84 T1E T 40 B A0 803 it 3% o
BhPAEEERER, AE N FERBNETR
ST BERSEYMEE, AT LGE &
SNEFEERERNH RESSRE KPR
PR R R RAREEHXFES . BH
FHENEHABR S SR, B 7E 0 A A3
RPN mE T EMER, W= B S REER
BE, 30 CTLA-4 FEifk RO RZ ' ™ . PD-L/PD-1 25
B ABRN—XMEHESE SRR, XS 55H
AR E SRR E ., BRIESHYTRBTA
R B pPD-1A FEM R R B 3Rk sPD-1 T M &
HET  BE BB B E GRS LN, B
B THERENE BN R RS AR,
#RF A sPD-1 AT RAPEE KIT, M E MR MF
Bh4g iR E R SRR T 6T
ST PR AT B AL B AT I — R R RS .

EARAEERAL LN AN ST HR.

 ERGASRBREEMF A, BT PD1 WA

AR, B AR SR T L AR, A AT RS
WREBEEIEA S RRRRENRFTAEN. #
REUBRHZENAERNNTRAERTERER
i AR RS K VR T RERER, X Tk
RHBABKE.
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Eukaryotic Expression and Functional Characterization of PD-1 Extracellular Domain

HE Yu-Fei ZHANG Gui-Mei WANG Xiao-Hong ZHANG Hui YUAN Ye LI Dong FENG Zuo-Hua®
( Department of Biochemistry & Molecular Biology , Tongji Medical Coilege , Huazhong University of Science & Technology . Wuhan 430030, China)

Abstract The negative signal provided by interactions of eostimulatory molecules, programmed death-1 (PD-1) and its ligands,
PD-L1 (also B7-Hl}and PD-12 (also B7-DC), is involved in the mechanisms of tumor immune evasion. To block PD-1s-PD-1
interactions by a soluble receptor of PD-1, we constructed a eukaryotic expression plasmid that expresses extracellular region
(aal-2a167) of murine PD-1 (pPD-1A) and, another version of pPD-1A, pPD-1B, carrying ¢DNAs encoding for both
extracellular region of PD-1 and green fluorescent protein ( GFP) reporter gene, which was inserted downstream of PD-1.
Experiment of BHK cells transfected with pPD-1B determined that most expression product {sPD-1) in the cells was secreled out.
FACS analysis revealed that sPD-1 was specific and bound efficiently to PD-1 ligands. Cytotoxicity assay showed that blocking
PD-Ls on either tumor cells or spleen cells by sPD-1 mediated enhanced lysis of H22 cells by Hsp70-H22 peptides complex-
stimulated spleen cells. The constructed plasmid vector-would provide a novel method of tumor gene therapy of blocking PD-Ls-

PD-1 interactions by expression of soluble recepior of PD-1 in tumor sites, which could increase the antitumor activity.

Key words PD-1, soluble receptor, eukaryotic expression, plasmid vector
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