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1.1 BRI, Bk, XA Eh

pGL3-Basic. pRL-SV40 Jii ¥/ ) H Promega A
ws MRS AFEKE PD-1 3301 R By
pGL3-A(<1 685~ +49 bp). pGL3-B(—1 127~ +49 bp).
PGL3-C (=714~ +49 bp). pGL3-D(+27 ~ +49 bp);
E. coli DH5a FIRASZE fR78; Cell Line Nucleafector
Kit L ¥ 1 Amaxa /A H]; DMRIE-C Reagent i
Invitrogen A w]; Hind T« Sac T R 614 A D18
Prime STAR HS DNA Polymerase. T4 DNA Ligase-
pMD19-T Simple Vector system i 7| £ 4 H Takara
Al PCR Y EIOAR & IO & R
PR B, JE 4] DNA Hih 338 57 & 35 i 1
Axygen A #]; EEAETOR /MR S H Qiagen A
"] RPMI-1640 435 IR 36 MR/ F IS . 585
B %= AW P H Gibco A w3 Dual-Luciferase
Reporter Assay System J4 H Promega A & ; 12- A
SLENE -1, 3- ZIR(PMA)IE B LG EE B AEYAT IR A

Al BTPHRJIO)EA LA TAY TRARA
7] ; Phycoerythrin(PE)anti-mouse-PD-1(CD179)l4 5
eBioscience /A 7] ; CS7BL/6J /)N LI [ A7 [N R fi
TR 7R
1.2 ‘RS HREIES

ANERLT WK 98T 40 B EL4 A0/ BT B R 4 i
Sp2/0-Ag 4l k5 77 T 37C . 5% CO, 4l k5 7746,
R 7230 RPMI-1640 5 10% /I 4+ i & 100 U/ml
R FEM 100 g/L 87 2. A K S X EOIPR Rl
224 FUHG T )5 ) FACS 0 b7 R I s e ity
1.3 51¥&it

C57BL/6J /)N fl, PD-1 3 [A] (GenBank & 5% 5 :
NC_000067) -3 000~ +770 bp X 1% Jii 5l - {E £k Tl
W 4K A4 Proscan (http:/thr.cit.nih.gov/molbio/proscan/)
T, MRPESE R BT 4 XF PCR SIMI(EE 1 FTR),
Horp e-Pd1 I NS, 5 A 37 5 43 0 5 TN
Sac T F1 Hind 11 IO B0 A5 (KI5 53), BT 514
Y Invitrogen A F] 5 k.

Table 1 Primers for PCR Amplification

Primers Sequence(5'—3") Position
Pd1-A(sense) gAAggAgCTCCAgCAACAECCTTgCTCCTCAC -1685~-1663 bp
Pd1-B(sense) gAAggAgCTCgTggCTgAggCAgTTgCCAgAT -1127~-1105bp
Pd1-C(sense) gAAggAgCTCgggCAgCAgATCCAgCATCTTg -714~-692 bp
Pd1-D(sense) gAAggAgCTCCTCTCACTAETCCCTTACCTgC -227~-205bp

r-Pd1(antisense) CCCAAgCTTgCAgTgTCgCCTTCAgTAgCAg +27~ +49 bp

1.4 PCR i &R A REERIEHIARE

H C57BL/6J /Nl R Dk ML S R 4, DAt
AR BT 5 19053 il SE AN R FE 1Y 4 BUR 21
FEA, 388 5 By il PDI-A(1 734 bp). PDI1-B
(1 176 bp). PD1-C(763 bp). PD1-D(249 bp), =¥
%M PCR 77y RO ) & Bl 246 . H Sac 1
1 Hind T XU Y) PCR 2li4L 7= 4 & pGL3-Basic #;
A, 1RG4 JE 4 H I BERI AR EE R EE 3 0 1
T4 DNA Ligase 16 C & B, ¥WEZEE coli
DHSc 40, BH P 5 [ b H50RE 28 6 D) F0 0 )
KIE.
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A, F 1x10° 40 Mo B3 AL n &8 24 FLAR ' H PMA
(10 wg/L) F1 10 (500 wg/L)fI¥, T 12h. 24h )5
Sy B A i, N 100 wl PBS HE 40 )5,

Jiip! p.l PE-anti-mouse-PD-1(0.2 g/L){E RYGERL =]
30 min, b RVPEG S EEA M, wmagn iR
AP A MR PD-1 8 R A TS 0.
1.6 ZRAREE RFAR N R EGTE RIS

2 PD-1 ANF A 81 A BUT luciferase i 75 204
pGL3-X F1N 2 I pRL-SV40 JFikiie 20 & 1 [¥) kLl
YL AL, EL4 41 % B8 Cell Line Nucleafector Kit
AR DL YL, Sp2/0-Ag 4Nl /4% DMRIE-C $5
PEURWI 465, B4 )5 4 h I PMA(10 pg/L)M!
10 (500 pg/L) ¥, 48 h Ji #% Ml Dual-Luciferase
Reporter Assay System #AE UL 15, 022 R EAUEE
WG BERINEE. 33135 P HIAE X 520 3 g
1B (52 2K 12 6 38 Bl IR I R T SO6 I BUE M1
55 N2 U B O R TR R EUE M2 1 LL)
LR,
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http://mbs.cbrc.jp/research/db/TFSEA RCH.html 47
TEL 3T
1.8 HitFESH

PSR Y 3 RE A, s DL B b fE
(x +5) F7n, N SPSS10.5 BAFBEATALIR] ¢ K5,
Gt P<0.05 AW EMEESR, P>0.05 4
TREER.
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Fig. 1 PCR products of different fragments
of PD-1 gene promoter
I: PD1-A; 2: PD1-B; 3: PD1-C; 4: PD1-D; M: DL2000 DNA marker.
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KAN=F(E 1), BB 3G T A F X 3581 PD-1
JRET B
22 IHEEEFREHEEE

¥ ik PCR #3211 4 A v BOH pGL3-Basic £
153 W Sac T F1 Hind N AUREV)IERL S AL E. coli
DHSa WM ZAS, 27 PCR %€ Jo ik BH 1%
T A JTOR U ) 4 5 (P 2), I 56 R U 471
5, PRI T 4 FhE PD-1 SRR X
B F B k.

Fig. 2 Identification of pGL3-X by HindIll
and Sac I double digestion
I: pGL3-Basic; 2: pGL3-A; 3: pGL3-B; 4: pGL3-C; 5: pGL3-D; M1:
N-EcoT14 | digest DNA marker; M2: DL2000 DNA marker.
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Fig. 3 FACS analysis of PD-1 protein expression in EL4 cell after stimulation with PMA and IO for 12 h and 24 h

Data are representative of three independent experiments. Control: Groups without stimulation; Mock: Groups stimulated with DMSO plus alcohol;

PMA+10: Groups stimulated with PMA plus 1O.
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Fig. 4 FACS analysis of PD-1 protein expression in Sp2/0-Ag cell after stimulation with PMA and IO for 12 h and 24 h

Data are representative of three independent experiments. Control: Groups without stimulation; Mock: Groups stimulated with DMSO plus alcohol;

PMA+I0: Groups stimulated with PMA plus 10.
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—714~ =228 bp W™ DX 3 [] 47 75 4 s A 45 7oA
—1 127~ =715 bp XI5 47 55 51 1~ s X AE H oo i
FEA, Mi-227~ +49 bp & 41 PD-1 K155 5)) 13 M
Prb F A T, BE T Hkx D 8 8 1 X 5
(Kl 5). 7r Sp2/0-Ag 4 ifu v PD-1 B 5 2 1A [+
DX 1 35 PR AR AL AR E EL4 40 b —#F, AR
AJ WL Sp2/0-Ag 4 i G R AL KIS P/ T EL4 4H
L, R 3 PR T EL4 40 M. AR AR F

0 PR B AL I ) S SR T AP < 0.05),
{5 Sp2/0-Ag 41t 7 il 8k 20 / I )3 4 1) AR (2
8~10) T EL4 40 (2 2~3), ULWI{E EL4 40l
AR R IR B, Sp2/0-Ag 4l i AR i R TA AR AH
FHSRm T BLA 4000, 3 RIRTTH FACS A (1)
PR RAN A 1) PD-1 R R — (Bl 6). ASE
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Fig. 5 Activity analysis of different fragments of PD-1
promoter in EL4 cell with or without stimulation

with PMA plus 10
[O: Unstimulated; W : Stimulated.
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Fig.6 Activity analysis of different fragments of PD-1
promoter in Sp2/0-Ag cell with or without

stimulation with PMA plus 10
O: Unstimulated; W : Stimulated.

25 PD-1 BRI TREBEFRAELHRERET
S

MR L3 11 5 3l 5 35 2 B 4 2R Al PD-1
LD LW A7 AR A AN [ (42 D e X, AT
http://www.cbil.upenn.edu/cgi-bin/tess/tess A1 http://
mbs.cbre.jp/research/db/TFSEA RCH.html P Ff 7£ £k
54T PD-1 4 8l 11 685~ +49 bp XK B A K
R SR IR S5 A A, AN R DI BE DX I s P
LR R AT P25 (B 7), Heh S A R0 8 3
TIX =227~ +49 bp 7 Hr & Rkl 8, AT Wiz X I
B = 2 i) TATA. CAAC 45 7 {54 Spl.
PEA3. C/EBP alpha/beta/delta. CAC-binding protein
S L SR K A AR AT BT AT SRR R
D3I B ) 2 s IR 5 A7 s A TR R 2 DX A8 A A
B, TAEAZAC A B AE TR IS ) Spl 454
A7 RCEIAE P A SO 2 DO A, R s R T
Sp1 R RELE PD-1 (R 45 bt S AR

TSS| >
( [ [ [ )
-1685 -1127 -714 =227 +49
C N ] >

(I Negative regulate region

@l Positive regulate region
=) Core promoter region

Fig. 7 Schematic map of the PD-1 upstream region
Negative regulate region: -1 685~ -1 127 bp, =714~ -227 bp; Positive
regulate region: —1 127 ~-714 bp; Core promoter region: —227 ~ +1;
TSS: Transcription start site.

-227 CTCTCACTAGTCCCTTACCTGCTCCTCCCAGGCATCGTTCCCTC
C/EBP alpha

CCACTCCCCTCCCCCTTCCATGCCCCTCCCCCACCTCTAGTTGCCTGTTC
CAC-binding protein

TCCCACCCTTGTGGAGGTGGAGGAAGAGGGGGCGGGAGCCAAGAACAGGT
C-ETS-2(h) PEA3 C/EBP B/  SPI

CTCCTCCCTCCAACATGACCTGGGACAGTTTCCTTTCCGCTACAGACAAC
TCTGCCTGAGCAGCGGGGAGGAGGAAGAGGAGACTGCTACTGAAGGCGAC
TSS(transcription start site)

CACTGC  +49

Fig. 8 Transcriptional factor binding sites analysis
of PD-1 core promoter
The underlined sequences were the binding sites for transcriptional
factors, the underlined and italic sequence were the transcription start

site.
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Identification and Characterization of The Promoter
and Upstream Regulation Region of Mouse PD-1"
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Abstract Extensive studies have been performed on function of PD-1 in immunological regulation, while as so
far, studies on the exact regulation mechanism of PD-1 expression have not been reported. PD-1 expression in EL4
and Sp2/0-Ag cell lines was detected with PE-Anti Mouse-PD-1 antibody through FACS. Genomic DNA from
C57BL/6J mouse was used to produce different lengths of PD-1 promoter fragments. The PCR products were
cloned into the luciferase reporter vector pGL3-Basic and co-transfected with pRL-SV40 into EL4 and Sp2/0-Ag
cell lines to investigate the PD-1 promoter activity. FACS results showed that EL4 cells express PD-1 protein
constituently, while Sp2/0-Ag cells express high level of PD-1 after stimulation with phorbol 12-myristate
13-acetate (PMA) plus ionomycin (IO). Luciferase assays revealed that the activity of different lengths of PD-1
promoter region was very alterable. This staggering negative-positive-negative arrangement indicates the complex
regulation of PD-1 expression and provides important clues for elucidating the mechanisms of the PD-1 gene
transcriptional regulation.
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