R R ERER 2R (A R 5539 455 9 1
<1280 - Journal of Nanjing Medical University (Natural Sciences ) 20194F9 H

- AR -
APD-L1 EEB3hFX STATI &4 TTHRITEIE

Samjhana Pandey, 4% £, L X, R B, 2idh , Fp
R ERE RS AR B R Be e A VLI Rt 211166

(5 E] B8 K8 ESHESSHESMENF 3(signal transducer and activator of transcription 3 ,STAT3) Xt A B S 9 4 o Fe
PESETBC AR 1 (programmed death-ligand 1, PD-L1) & PR % S RN R (19 52 0, [R]i f i% PD-L1 B PH 5 20 X ) BE ) STAT3 2545 I
P, ik IR U251 40, 245 F STAT3 HI3] (BP-1-102) 5%, DMSO 4B, 9 h J FH i =0 41 i AAS 25 40 i 35 1 PD-L1 25 11 Y24
&, PD-L1 3 3h A KOO R MR 5 Tk (pGL3-PD-L1-FL)#5 4% U251 401, #45 T BP-1-102 5 DMSO 4b3E, 9 h 546
BN TOE R B, B PD-L1 3L 3 P2 KA (pGL3-PD-L1-1~4) 58 Y6 R R A5 FURLAI STAT3 i 2 35 FUki (pC-
MV-STAT3) He4% e HEK293 21 fi , F- %2 28 Y6 R WG M , w1200 a2 STAT3 B4 & X3 iy FHAE W15 B #1100 PD-1.1 3£
JA I I STAT3 (945 & 7o, HE I R ES & T 98 8 SLIG T e AT sk . 8558 : BP-1-102 W] BH & T 8 U251 41 PD-L1 (g 2L R #%
SEAIEA I, A, K pGL3-PD-L1-FL . pGL3-PD-L1-1~4 Fl pCMV-STAT3 4% 4 HEK293 éEiﬁ’@}ﬁ,p(;L3-PD-L1.4 B e S e
T HAR TR, #7% STAT3 0] GE45 & T PD-L1 £ S 3 -200~0 nt K3k, A= Y15 B2 04 10 & 30, 0b X8R 3 A 2 4
STAT3 BY45 & T, 230 B T —194~-184 nt Fl-135~-125 nt 34, HE—E W58 7R 575 ~194~-184 nt Fl-135~-125 ni JC1F
AJ i R pGL3-PD-L1-FL BTG R FHGE , P A 2848 N B o 4518 ARBIFGT T i 45 1 STAT3 76 A PD-L1 3R 80 7 I
YR RESE A X I8, A SLAF 2 R T 4 e STAT3 AHSE B PD-L1 JE DR % St Jidas 29 5 1 JLhilt

[X8iA] BUPHIETER 1(PD-L1) 555 3 55 R0 T 3(STAT3) 5 i 8l F; 4 S

[FESHES] R739.41 [XHftREmTE] A [XEHS] 1007-4368(2019)09-1280-05
doi: 10.7655/NYDXBNS20190904

Screening of STAT3-binding elements within human PD-L1 promoter
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[Abstract] Objective: This study aims to examine the effects of signal transducer and activator of transcription 3 (STAT3) on the
transcription and expression of programmed death ligand 1(PD-L1)gene in human glioma cells and screen the possible STAT3-binding
elements within PD-L1 gene promotor. Methods: U251 cells were cultured and treated with STAT3 inhibitor(BP-1-102) or DMSO. The
expression of PD-L1 protein on the surface of U251 cells was examined by flow cytometry after 9 h. The luciferase reporter plasmid of
full-length PD-L1 gene promotor (pGL3-PD-L1-FL) was transfected into U251 cells, and then cells were treated with BP-1-102 or
DMSO. The luciferase activity in U251 cells was examined after 9 h. The luciferase reporter plasmids of full-length or truncated PD-L1
promoter(pGL3-PD-L1-FL,pGL3-PD-L1-1, pGL3-PD-1.1-2, pGL3-PD-L1-3,pGL3-PD-L1-4 ) and the plasmid of pCMV-STAT3 were co
- transfected into HEK293 cells. Then, the luciferase activity was detected to screen the STAT3 - binding elements. Furthermore,
bioinformatics software was used to predict the STAT3-binding elements in the promoter of PD-L1 gene, and mutation experiments
were carried out to determine the validity of these binding elements. Results: BP-1-102 could significantly down-regulate the gene
transcription and protein expression of PD-L1 in U251 cells. In addition, the plasmids of pGL3-PD-L1-FL or pGL3-PD-L1-1~4 and
pCMV-STAT3 were co-transfected into HEK293 cells, and then the luciferase activity in different groups was determined. The result
displayed that the activity of pGL3-PD-L1-4 was much lower than that in others, indicating that the region of PD-L1 promoter(—200~0 nt)
might contain STAT3-binding elements. Bioinformatics software predicted that the region might contain two STAT3-binding elements,
that are located at —194~—184 nt and —135~-125 nt. Further studies revealed that mutation of =194 ~—184 nt and - 135~-125 nt
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elements especially the combined mutation could significantly down-regulate the luciferase activity of pGL3-PD-L1-FL. Conclusion:

STAT3-binding elements within PD-L1 gene promotor were successfully screened out, which could be beneficial to further studies

about the STAT3-related transcription regulation of PD-L1 gene in glioma cells.

[ Key words |

tion regulation

JE R 240 o 50 e 8 1Y) 50% , 2l IR b B DL
) A SRR R o R AR T R I A TR
WY AT S5 &G T B BB BUR B E UG
BRI 2% | U e T Bk A Mg SR 5, 7 4 A A7 40
TEISA A A Bt o J5 g & s L A R
W E e Ih R A

VT AR, Bk B 22 A ST 2 T, e 20 A 1 4
22 36 358 i TR 40 O P okt i T S0 AR SR ) — Tl
HEPLH Y, FRFPESE T 8 1 (programmed
deathprotein 1, PD-1) Fll #2 J¥ ¥£ %€ T Bt 44 1 (pro-
grammed death-ligand 1, PD-L1) A& 1 FH /2 g 4
PEHSRALHI BT A PR Z—"7 0 PD-L1J& T BT X
G, R B7-H1, 2 —FhEs s H ™. PD-L11E
22T 9o 240 L C A 5 B i I L R ) rh 4
Fak B MR AN = ARA R PD-L1E i AR
FH T HAZ A4 PD-1 175 S e 21 23 P4 200 2 T 4
A R T AR L DA T At B0 e 2 40 i S B A i kR
{EAS— 4R, TR AR IR ZH b PD-L1 ik (i
FHG, It H AR AU B VIR DE Y AR
T, A3 S STORE 4 Y PD-L1 35 19 I v ALl
I i i A DL SCHiRARE

PD-L1 A R R AW S —L2e(5 5001,
MAESME SR 1/2 (extracellular signal -regulated
kinases 1/2, ERK1/2) .p38 22 )53 AL 2 FH I (p38
mitogen -activated protein kinase, p38 MAPK) #/l ¢c-Jun
F R I (¢-Jun N-terminal kinase, JNK)" ' &
— BB SR, R SR B T 1 (specificity protein
1, SP1) A+ 3 Z 8 75 A - 1 (interferon regulatory
factor-1,IRF-1)"""" o APRE FHOT T E A8, A
JS 98 240 At v PD-L1 A PR ) s ik i B,
IR (555 3 55 5 0% K5 3 (signal transduc-
er and activator of transcription 3,STAT3) (IR LI
i o {FUJR, STAT3 (95 AL RETS ELIE A% PD-11 2E X
B e s 5 335, B ET M AN TEAE o SO BF ST A0
STAT3 ¥4 PD-L1 3 PR 5% iV FH BT RE A e 5%
W45 & TR AR

programmed death ligand 1(PD-L1) ;signal transducer and activator of transcription 3(STAT3) ; promoter; transcrip-

[J Nanjing Med Univ,2019,39(09) : 1280-1284, 1291 |

1 A E

1.1 A

N SFREAAE U251 (it v R4 B dn i 2 )
HEK-293 #ififs (ATCC, 2 ) ; pGL3-basic . pRL-SV40
PECER Tl FURL LA S AU 2R il i 25 5 PR A ) 35
% (Promega > 1], J2[H ) , N STAT3 ik Jioki (pCMV-
STAT3) (B 5t CLEAS AE MR A FR A R ) s PE FRid
FIHTA PD-L1 Hefd L K [7] %6} BE BT 44 (Biolegend 2
wl, &), p-STAT3 F1B-actin HL 1A (Cell Signaling
Technology 28wl , 3¢ [ ) , STAT3 #1 il 57 (BP-1-102)
(Selleck 23], 25 ) , DMSO(Sigma 23 7], ZEH ) . A
PD-L1 BN 5 2 F 2K 5OU R BB (pGL3-PD-L1-
FL) FI#% % 5k (pGL3-PD-L1-1,pGL3-PD-L1-2,
pGL3-PD-L1-3 #1 pGL3-PD-L1-4) f1 5 5 LS A=)
B AT BRAS FIF A, N PD-L1 3 K 3 3h 72828 Bk
(pGL3-PD-L1-M1,pGL3-PD-L1-M2,pGL3-PD-L1-
M3) H e 4 i 2B R A PR Rl
12 F%
1.2.1 Zafaizic

U251 A HEK-293 20 il Y548 FH &7 10% i 4 1.
15 (FBS) .50 U/mL % %5 2 1 100 pg/mL &% 5 & 19
DMEM 5555 F 37 °C .5% CO. M0 R R 46 v, o7
¥12~3 d T AL AR
122 JFikask g

$ U251 5 HEK-293 2 g 42 T 24 FLAR H (1%
10°4/4L) , 55 3733 9, R 4B a4 5 35 31 70% 1
JH Lipofectamine2000 %% 44 i 71| 4 pCMV -STAT3 1§,
pCMV . pRL-SV40 434 5 PD-L1 B[R 5 3 74 K
J oA R AR YL A . o pRL-SVA0 /F R 7%
YRS IR 056 [R B 15 pGL3-basic BB S YL 241
XFHE A R Y 55331 8 0.50 g pCMV-STAT3
i pCMV .0.05 pg pRL-SV40.0.50 pg pGL3-PD-L1,
1.2.3 RAEZEEMENZ

JFORLE L U251 5 HEK-293 41 it 48 h )5 , £ 1L
T SR VR0F 20 R 2, W i 2 T WO R
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il i A5 e PRTASIN 359 85 23 il pGL3 1 pRL-SV40
JEORE IR DR TG 1 , B E 2D R L) &l
A5 . Hirp, pGL3 1Y %5 K H % 5t 2= g i 1%/ pRL-
SVA0 JFTR7 TR B 52 BTG P, B R Bl e T A 1)
AT 56 6 & W5 1 (RLU) o WA #F BP-1-102 %t
U251 4iiffd i PD-L1 &R gl FIG PR 2, 525643
HH0F : DpGL3-Basic+DMSO £ ; @pGL3-PD-L1+
DMSO 4 ; @pGL3-PD-L1+BP-1-1024H . Nit—AF
i STAT3 1 ik %f HEK-293 4 Jfd rf PD-L1 3 4 f3
Bl A BRI MRS, L AT R A dl O
pGL3-Basic+pCMV-STAT3 % 4L 41 ; @pGL3-PD-LI-
FL+pCMV-STAT3 # 4t 41 ; BpGL3-PD-L1-1+pCMV-
STAT3 #4YL4H ; @pGL3-PD-L1-2+pCMV-STAT3 #4544
2H ; ®pGL3-PD-L1-3+pCMV-STAT3 #5444 ; ©pGL3-
PD-L1-4+pCMV-STAT3 ¥ J42H . N %8E STAT3 i 3k
IKXF HEK-293 411l PD-L1 DK 3 314 58 28 (A%
PERARTRIE AT, S256 43 F anF 5 41 : DpGL3-Basic+
pCMV-STAT3 4 4L 2 ; @ pGL3-PD-L1-FL+pCMV -
STAT3 #3444 ; @pGL3-PD-L1-FL-M1+pCMV-STAT3
YL s @WpGL3-PD-L1-FL-M2+pCMV-STAT3 %% 3t
2H ; ®pGL3-PD-L1-FL-M3+pCMV-STAT3 54 L4
124 AKXk

Rig2 U251 400, 45T BP-1-102 58{, DMSO Ab B4
Jit29 h(Bi43>k BP-1-102 44 FIDMSO 4 ) , e A4 ity
23 5 PEARIC BT PD-L1 Hip44 L) K PE FRic 1 [
AU BEHTA 4 CCIFR 30 min, YEL 2 UG A A0H, 1
TR SRS U251 4HARASE I PD-L1 2 A
1.2.5 Western blot

HUHEK-293 41, A SRR T84 , 24534
12 000 g 50> 5 min, BU_FIFEH 5 min 8 HASVE, i
G PRSI R PVDF B I F PVDF RS A 57
iE 40 4 CIFE I, TBST PR 3 K, K 10 min,
¥ PVDF B —Hih 2= IRFE 1 h, TBSTUERE A
ECLAOGIRHFA TG S8 434 STAT3 i ik ki
(pCMV-STAT3) 5L YL2l Fizs 25k (pCMV )54 .
13 %itFsik

K FH SPSS Ge iR, s B L 4 8k e s o 2
(x £ s) RN, ZA 0] LLECR F 7 225387, Bonfferoni
TP, P < 0.05 M EF AL FE X,

2 & R

2.1 STAT3 &4 L AN R 8 20 e F PD-11 89 %
EF .3
B3 S B9 4 il U251, 45 F BP-1-102 5%

DMSO 49 h, 3 =4 M AR K 2 U251 4 it 2 1
PD-L1 25 F B 0L, I A 5Om i
SLEGEE R B R (E 1), 5 DMSO ¥ 56 BEAL A Ee
BP-1-102 A] B & N3 U251 40 il o PD-L1 f 4 (26
IK(P<0.01), 7R STAT3 1] 1E [w] 128 A 8 41 i
PD-L1 fy ik,

A
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E1 BP-1-102%f PD-L1 EARIEHFMN
Figure 1 The effect of BP-1-102 on the expression of PD-
L1 protein

2.2 STAT3 #FAL3E 5% AR 9% 4a i ¥ PD-L1 &9 3k
P #£ F

ST B STAT3 & 75 n] 3l 1 % 5 KA 2E PD-
L1 3L 9335 8 PD-L1 L S 3 T K28 e Z il
R 45 FOkL (pGL3-PD-L1-FL,-800 ~ +200 nt) Fl pRL-
SV40 NS FE TR L YL B U251 i, 48 h 5 45T
BP-1-102 431, 9 h J5 PR AL 40 i H PD-L1 JE K 3
FOOCERMHG M. LR A (K 2), 5 pGL3-PD-L1-
FL+DMSO 41 %5 57 % B AH e, BP-1-102 AT &g 2 il i
U251 Zi Jfd PD-L1 B RS 76 (P < 0.01) . $#R
STAT3 ] IF [m] 428 N Brid 4 PD-L1 Y BERFE 5%
2.3 STAT3 it & iAxF T PD-LI A B B3 T & 44
e OR A

J T HE—EF5E STAT3 Xt PD-L1 JE R %% 54
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Figure 2 The effect of BP-1-102 on the activity of PD-L1
gene promoter
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WEREIRP <0.01). $ERTEPD-L1 HK S 3F-200~
0 nt X3 A] BEAAAE STAT3 25 50 st o
2.4 PD-L1 KR B3)-F STAT3 &4 atFa %2

I B TASPAR FU 4 ¥, A PD-11 3
KA 3l F-200~0 nt X35 24> STAT3 25570, 41
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TS EIR 24 STAT3 G54 e % T PD-L1 %
R S IR AVE S50 50 54 2 T - 194~-184 nt
TCF 2R (pGL3-PD-L1-FL-M1) .~ 135~-125 nt
JLPERY 28 281K (pGL3-PD-L1-FL-M2) fil |3k 2 4~4%
B IS 28K (pGL3-PD-L1-FL-M3) , 45 & ¢
PR PN A48 J5 B P A UL 3% 10 B B3R ok 233l
55 pCMV-STAT3 ki 4% 4t HEK-293 21 it , 6 4
YL A OO RS T . AR EoR (F5), %
5 —194~—184 nt Fl-135~-125 nt JCLF AT B 2 T4
PD-L1 5K 5 s+ 9OC R B G M G R A Ny
& (P<0.01),

3 03 i
VEAFE e, B f B 22 1) TE B 2 W, S0 2 ke S i

(3]
!

. |

p-STAT3 2R AR F b K

S

pCMV ;ﬁéi{ééﬂ pCMV-ST/;T3 Y]
5 pCMV S L4 42, P < 0.01(n=3)
B3 Western blot #&ill p-STAT3 &AM RIZF R
Figure 3 The expression of p-STAT3 protein detected by

Western blot
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Figure 4 [Effects of STAT3 on the activity of different

truncated PD-L1 gene promoter
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FEALH] B F G ASTE R . A 5T ] STAT3 410 il 551
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Table 1 STAT3 binding elements within human PD-L1
gene promoter predicted by JASPAR and their

mutated sequences
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. Ji 1 AN 3 |
1 —194~-184 nt TTTACAAGAAA ACAGGACCTGC
2 =135~-125 nt ATTCCTAGGAC ACAGGACCTGC
0.6
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%‘( 0.4+
;R *
i{i *
= i ES
= 0.2 ’_—r_‘
0 T T T
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Ve e AP \P
AR SR S

5 pGL3-PD-LI-FL-WT# 4L 2l b 42 ,'P < 0.01(n=4) .
BE5 STAT3XFPD-L1EEEzFEREFMENFIG
Figure 5 Effects of STAT3 on the activity of different mu-
tated PD-L1 gene promoter
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25 FTIR , AR WFSTESE STAT3 i ) o] B . R
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