HZZF PD-L1 (Programmed Cell Death-ligand 1)2] ¥3 Z7} 7|4

Aot ejshefst vistetmal 8 AT

ol&tel

Induction Mechanism of PD-L1 (Programmed Cell Death-ligand 1)
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PD-L1 is expressed in a variety of antigen-presenting cells and provides T cell tolerance via ligation with its receptor
PD-1 and B7-1 on T cells, Stimulation with lipopolysaccharide (LPS) can increase the level of PD-L1 expression
in B cells and macrophages, which suggests that this molecule plays a role in the immunosuppression observed
in severe sepsis. The aim of this study was to identify which of the downstream pathways of TLR4 are involved
in the up-regulation of PD-L1 by LPS in macrophages. Flow cytometry was used to examine the expression of
PD-L1 in RAW 264.7 macrophages stimulated with LPS, The following chemical inhibitors were used to evaluate
the role of each pathway: LY294002 for PI3K/Akt, SB202190 for p38 MAPK, and U0126 for MEK. LPS induced
the expression of PD-L1 in a time- and dose-dependent manner, Transfection of siRNA for TLR4 suppressed the
induction of PD-L1. Pretreatment with LY294002 and SB202190 decreased the level of PD-L1 expression but U0126
did not. Overall, the PI3K/Akt and p38 MAPK pathways are involved in the up-regulation of PD-L1 expression
in RAW 2064.7 macrophages stimulated with LPS. (Tuberc Respir Dis 2008,65.343-350)
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1. HZF

B oqtoll= mouse macrophage cell line@] RAW 264.7
S AHE3ISITE RAW 264.7 M EFE 10% FBS (fetal bo-
vine serum), HYAH 30 mg/ml, 2E#En}o]al 50
mg/mlo] H7FE RPMI-1640 WiA|E o]&3}e] 37°C, 5%
CO; incubatorol| A v ¥}

2. Western £AIH

Whole lysis buffer (0,1% Nonidet P-40, 5 mM EDTA,
50 mM Tris (pH 7.5~8.0), 250 mM NaCl, 50 mF)& ©]
83to] TAE Thils FE3nt 30 gof AlE s
10% SDS-polyacrylamide gelol|A] A7]FFAIZA}, 4A17F
B9t 400 mAS] YA AFE T EES nitrocellulose
membrane® £ transfer A]7]al, ©] membraneg block-
ing solution (5% skim milk in 1 X PBS/Tween 20)0 2
1A17F52Y block A1Z] % anti-PD-L1 34|, anti-TLR4 3
A, 3-& anti-actin FJAE 1 : 1,0000.2 H7}ste] 124)7F
SR HESAIFIT AlH T ofx} FAIE 1 200008 H
7¥ete] 9RAIZL § A Alse] &2 ECL Western

blotting detection system= ©]-83}S3T},

3. Flow cytometry

AE 9] PDLL BE I7HE #]ler] 2J8ke] Flow
cytometry 7['H-& o]-83Ftt. RAW 264.7 Ao LPSE
I3 AIZF B2k 22]3k & PE conjugated anti-mouse
B7-H1 (CD274, B7H1, PD-L1)E ¥ il 4°CellA] 3027} uj
oFstlt. Cytometry analyzer= Epics XL (Beckman
Coulter, Fullerton, CA, USA)E ©]&3}%33L, mean fluo-
rescence intensity (MFI)S Z43}o] v wa}$ic},

4. MTT assay

3-(4,5-dimethyl thiazole-2-y1)-2,5-diphenyl tetrazolium
bromide (MTT) assayZ ©|-83}o] AX BESS =43}
e} 96 well plateo] well B 1x107]2] AEES B33}
aL 4~5ARE 5 okag Aelste] Al ARE sk vl
SFoiek. wiFE Aol 5 mg/mle] MIT 84 (Sigma, St.
Louis, MO, USA)S 15 ul H7}8kaL, CO, incubatore]]
37°CellA] SAREERY wiatgict. MigHS AAg 5 50
£19] DMSOZ 7k8te] Ho]a Bgg e S o]ga}e]
590 nm el FFEE SAST. 22t 470 well]
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1, PD-L1 is up-regulated by LPS in time-dependent
& concentration-dependent manner in mouse
macrophage cell line

RAW 264.7 Aol 1PS Al=ol| 2Jke] pD-L12] 1
go] F7FF=Al 7keh7] fIske] 1pS 1.0 pg/mlo] %
B 24ARE B9t AAA ¥ RAW 2647 AEF FHE
PD-L1 ¥ AE=E flow cytometryE 53l #2435}t
Controlsol| %= PD-L1 ¥élo] #2%[0] macrophages]
9] constitutional expressiong ¥FES}aL UYL, LPS
2= Fof| PD-L1 o] 715k & = A3tk Control
T4 mean fluorescence intensity (MFI)7} 30,160]1L,
LPS Aeltoll] MFIZ} 133,272 BAH SR fofsH
(p=0.001) LPS A2|gt Z-¢- PD-L1 Lglo] S/
& < IS (Figure 1). LPS A=l o] PD-L1 9]
7= LIPS 22| § Algto] F71stel wh} time-depend-
ent manner® YEPFS & 4 UL, 1PS A T
WA TS W= F=o Hl#E8te] dose-dependent man-
ner 2 PD-L1 2o Sy} #=EcH(Figure 2).
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2. Blocking of TLR4 with siRNA suppress LPS-induced
PD-L1 expression

LPS Aol ¢J3F PD-L1 W&ol =717} toll-like re-
ceptor 4 (TLRAE A dojub=A] Lolrr] $J31y
small interfering RNA (siRNA) methodZ o|-83}o] 2]
S Y3} RAW 264.7 MEFol| TLR4] thak siRNA
£ transfectiond} 3 W control siRNAZ- transfectiond}
S mEoh TIR Welo] E9A 02 Fhadh= e west-
ern blotg F3le] Eel5titk(Figure 3A). Control siRNA
Z transfectiondt ¥ LPS A= &2 MFIE 100%Z 3F5-S
w], TLR4 siRNAZ transfectiondt &9 MFI7} 7+HAHS
flow cytometryE Fste] 1e 4 UITHFigure 3B),
0|2 E3] LPS A=l 98k PD-L1 W] /1= TIRAZ

Ealo] o|FolRe 74T & Uk

3, PI3K/Akt pathway is involved in up-regulation of
PD-L1 by LPS

U207 TLR49 downstream pathway % 3Pl
PI3K/Akt pathway7} LPS Aol o]k PD-L1 wHle] Z7}
o #ofeh=A 7] flste] PI3K/Akt pathwayell thgt
chemical inhibitor$] LY2940022 A x3 F A2 %
Y3k, LY204002 %] Al RAW 204,7 AH|ZF=ol|A]
PD-L12] constitutional expressionol|= F&S 1= A] &
S5 & 5 dsont, 1ps Al $o] pDLL W] T
LY294002 =] A] ZHAs9ke &l & ASATk(Figure
4), MTT assay=Z cell viabilityS 37}5}9= W] vehicle
controld} x}o]7} ¢lo] o]2]dt &3+ cell deathdl] <Jst
A b & 4 23, oleldt 2hE B4 1ps A
o] PD-L1 o] F7}ell= PI3K/Akt pathway”} e

200 - ‘ - ;. *p=.001
[ i
= 100
0 i
Control LPS

Figure 1, PD-L1 is up-regulated by LPS in mouse macrophage cell line, RAW 2647 cells were treated with LPS (1.0
w#g/ml) for 24 hrs, Surface expressions of PD-L1 were measured by flow cytometry and expressed via MFI (mean fluo-
rescence intensity), Number: mean fluorscence intensity (MFI), Gray: isotype control, Black: PD-L1,
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Figure 2, PD-L1 is up-regulated by LPS in time-dependent & concentration-dependent manner, RAW 2647 cells were
treated with LPS (1.0 xg/ml) for the indicated times (A) and with the indicated concentrations of LPS for 24 hrs (B),
Surface expressions of PD-L1 were measured by flow cytometry and expressed via MFI.
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4, MEK/ERK pathway has no role in up-regulation of
PD-L1 by LPS

U202 TLR49] downstream pathway % dhel
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5. p38 MAPK pathway is involved in up-regulation of
PD-L1 by LPS

nlR]eko 2 TLR42] downstream pathway & SRSl
P38 MAPK pathway7} LPS A=< ]38l PD-L1 2&le] &
7tell #ofal=A] 7] $l8ke] p38 MAPK pathwayef] thgh
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SB202190 A*]=|:= PD-L1¢] constitutional expressiono]]
= ofgke n|x)A| erort, 1PS A= o PD-L1 Z7}

BE MR RIS O 29S¢ 5 U9
(Figure 6), ©]Z %3l p38 MAPK pathwayi= LPS A}=
o] PD-L1 & F7bol HhS &I = It

i

Mgk

PD-L1< inhibitory functiong& 7FA|&= costimulatory



Tuberculosis and Respiratory Diseases Vol 65, No, 4, Oct, 2008

Control siRNA TLR4 siRNA

TLR4 ' ’ —89 kDa
Actin ~ —40 kDa
B
120 -
100
S 80
=
8
S 60-
S 40
20 1
0 .
Control siRNA TLR4 siRNA
33271 100 229.23
80
£ 60
§ 40
20
ok :
10° 10" 10° 10° 10 10° 10" 10° 10° 10
FL2-H FL2-H

Figure 3, Blocking of TLR4 with siRNA suppress LPS-in-
duced PD-L1 expression, RAW 2647 cells were trans-
fected with control siRNA and siRNA for TLR4, The levels
of TLR4 in cellular extracts were detected by Westen blot
analysis (A). After cells were treated with LPS (1.0 «g/mi)
for 24 hrs, surface expressions of PD-L1 were measured
by flow cytometry and expressed via MFI (B).
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Figure 4, PI3K/Akt pathway is involved in up-regulation
of PD-L1 by LPS. RAW 2647 cells were pretreated with
LY294002 (50 pM) for 2 hrs and then stimulated with
LPS for 24 hrs, Surface expressions of PD-L1 were
measured by flow cytometry and expressed via MFI, Cell
viability by MTT assay:>90% of vehicle control,
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Figure 5, MEK/ERK pathway has no role in up-regulation
of PD-L1 by LPS, RAW 2647 cells were pretreated with
Uo126 (10 «M) for 2 hrs and then stimulated with LPS
for 24 hrs, Surface expressions of PD-L1 were measured
by flow cytometry and expressed via MFI, Cell viability by
MTT assay:>90% of vehicle control,
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Figure 6, p38 MAPK pathway is involved in up-regulation
of PD-L1 by LPS. RAW 2647 cells were pretreated with
SB202190 (10 #M) for 2 hrs and then stimulated with
LPS for 24 hrs, Surface expressions of PD-L1 were
measured by flow cytometry and expressed via MFI, Cell
viability by MTT assay:>90% of vehicle control,

cello] FSAAE T4 ZA51= 7140 PDL1
o) EaTHe AL 9Ieh”

PD-L1-& Activated macrophages @ B lymphocytes,
dendritic cells, activated T cells 5 ©{2] APCol|A| &3 5]
™, &3] IFN- 7 stimulation& endothelial cello]y tumor
cell 22 non-lymphoid tissueo| %= PD-L1¢] WS &
771 Aol 2 el 0ok, LIPS stimulatione]] ©]aiA]
+ non-lymphoid tissueol]x] & o] F7HE 49+ ¢
11 dendritic cello|A] % LPSAF=-0| PD-L1¢] W3S =7}
A7I1A] k=), 22y macrophageol| A= LPSe &]&}e]
W] Z7kechs 9 B} el Sl

Yamazaki 5% PD-L10] macrophage$} B cellolA]



Tuberculosis and Respiratory Diseases Vol, 65, No, 4, Oct, 2008

s A=) sfsho] Wlo] ZrhATKE WS Bglon,
0]& mouse peritoneal macrophagelX] LPS A}=-¢] €]
3 PD-L1¢] Wao] =7}sl= Zo] TLR4Y downstream
effectehs 28 F43 A8 Aap} Bawy|e sl
ujeba] PD-L13% PD-19] 4% 28] i@k vept
+ immune suppression?] 3t 7|AY 7S F5s] 2
T Aoh. T#Y A macrophageol|4] LPS A= Aol
PD-L19] ®&o] Z7}al= Aol TLR42] oI® downstream
pathwayol| oJgh ZRIAI= delAd] QA ot 7 AT&
Z1ega}kodct.

HEZol thek 7lde] uiA o], e oA whgo] s
F7)ele= o 83 Aol W AA =L, PD-L
o] o] HY AA| kol Fofd 5 9J5-S HoFaL 9l
o], PD-L1¢] j@Fo] A&EE AS olsish=tl T4
g daPt d F des ARRRL k. H8FelA LpsE
AR A5 A1S A AlZE TIREE 74 oJ8) down-
stream pathwayol] H&o] Ht} o]}t downstream path-
way o= PI3K/Akt, ERK, p38 MAPK & o] A5 =7}
Fofgto] A gla”, ol2f3t Az A= Aloolli= M=
crosstalk o] dojdth= Hake Q= AAold. o &
Aol PIBK/Akt, ERK B! p38 MAPK 7327} LPS A=
of ogh PDL1 7}l Fofl=Alel S Bl e
Aeyshsiet

PI3K/Akt 27} PD-L1 Z7}ol| 2408 gofah=x]
off thet A7+ Ay BA &2 AAeldt Dermal fibro-
blast cellg& ©]-8&}e] IFN-gammaS 2|3+ 74-¢- PD-L1
3] F7he BFskArhs vt 9l2la”, ol PK
of AAARI gIAtsl L ke o)A o]2fgt PI3K/Akt path-
way 9] 44317} PD-L1 ¥ Sl ot 71eA3S Al
ARsteieh. 12 Ak, A PI3K pathway S blocksh= 1
H 52 o]&sle] FH& o2 PI3K/Akt pathway”| TH¢]
SH=AlE YSshAlE Furh B Aok PI3K/Akt
pathway®] chemical inhibitorE A2]X]5}$0& w LPS<|
oJ8t PD-L1 28 Z7p7} QAL Ko, PI3K/Akt path-
way/h @A R Rolie HolF

3k 7129 ERK A 29} PD-L17}2] Aol thgt

E& F& PDLIS AlskE w vehes 34 59
3FbZA] ERK pathwayel] W37} Uepdoh=d x3o]
urolz] g™ B ERK pathwayel] ©]af PD-L1
o] o]l Poks w=Ae thek AT A= A §liE
AAolt}, B HAtollad= ERK pathwayel]l théF chemical
inhibitor®] U0126& #|2]3} ¥ PD-L1 expressiong H7}

3led, ERK pathway: LPSell €J8F PD-L1 & Z7}ol] 2]
HAY S AAE des BT 1AL
p38 MAPK®]| tha A= chemical inhibitorg] SB202190
A7 of] ofste] Lpsell &JFk PD-L1 W SV AAlHES
Ha], PI3K/Akt pathway$} R E p38 MAPK path-
way} AR Bold 4 gles Wl

AZA 2 mouse macrophage cell lines ©]-83}¢]
LPS 2F=A] MIEE 3379 PD-LL W 7P dofutaL, o]
3t 7| ell= TLR4A7} #ofdh downstream pathway %
PI3K/Akt 4% 9 p38 MAPK 727} drofshs el
et

il

{3y sl

Mo

1. Angus DC, Linde-Zwirble WT, Lidicker J, Clermont G,
Carcillo J, Pinsky MR. Epidemiology of severe sepsis in
the United States: analysis of incidence, outcome, and
associated costs of care, Crit Care Med 2001;29:1303-10,

2. Bone RC, Fisher CJ Jr, Clemmer TP, Slotman GJ, Metz
CA, Balk RA. A controlled clinical trial of high-dose
methylprednisolone in the treatment of severe sepsis
and septic shock, N Engl J Med 1987;317:653-8,

3. Bone RC. Sir Isaac Newton, sepsis, SIRS, and CARS.
Crit Care Med 1996;24:1125-8,

4, Hotchkiss RS, Karl IE. The pathophysiology and treat-
ment of sepsis, N Engl J Med 2003;348:138-50.

5. Okazaki T, Honjo T. The PD-1-PD-L pathway in immuno-
logical tolerance, Trends Immunol 2006;27:195-201,

6. Twai Y, Terawaki S, Tkegawa M, Okazaki T, Honjo T.
PD-1 inhibits antiviral immunity at the effector phase
in the liver, J Exp Med 2003;198:39-50.

7. Liang SC, Latchman YE, Buhlmann JE, Tomczak MF,
Horwitz BH, Freeman GJ, et al. Regulation of PD-1,
PD-L1, and PD-L2 expression during normal and auto-
immune responses, Eur ] Immunol 2003;33:2706-16,

8. Wiendl H, Mitsdoerffer M, Schneider D, Chen L,
Lochmuller H, Melms A, et al, Human muscle cells ex-
press a B7-related molecule, B7-H1, with strong neg-
ative immune regulatory potential: a novel mechanism
of counterbalancing the immune attack in idiopathic in-
flammatory myopathies, FASEB ] 2003;17:1892-4.

9. Sharpe AH, Wherry EJ, Ahmed R, Freeman GJ. The
function of programmed cell death 1 and its ligands in
regulating autoimmunity and infection, Nat Immunol
2007;8:239-45,

10, Nishimura H, Minato N, Nakano T, Honjo T. Immuno-
logical studies on PD-1 deficient mice: implication of

349



SM Lee: Induction mechanism of PD-L1

11,

12,

13.

14,

PD-1 as a negative regulator for B cell responses. Int
Immunol 1998;10:1563-72,

Nishimura H, Nose M, Hiai H, Minato N, Honjo T.
Development of lupus-like autoimmune diseases by
disruption of the PD-1 gene encoding an ITIM mo-
tif-carrying immunoreceptor, Immunity 1999;11:141-51,
Ansari MJ, Salama AD, Chitnis T, Smith RN, Yagita H,
Akiba H, et al. The programmed death-1 (PD-1) path-
way regulates autoimmune diabetes in nonobese dia-
betic (NOD) mice. ] Exp Med 2003;198:63-9.

Guleria 1, Khosroshahi A, Ansari MJ, Habicht A, Azuma
M, Yagita H, et al. A critical role for the programmed
death ligand 1 in fetomaternal tolerance, J Exp Med
2005;202:231-7.

Thompson RH, Gillett MD, Cheville JC, Lohse CM,
Dong H, Webster WS, et al. Costimulatory B7-H1 in
renal cell carcinoma patients: indicator of tumor ag-
gressiveness and potential therapeutic target, Proc Natl
Acad Sci U S A 2004;101:17174-9.

Ohigashi Y, Sho M, Yamada Y, Tsurui Y, Hamada K,
Ikeda N, et al. Clinical significance of programmed
death-1 ligand-1 and programmed death-1 ligand-2 ex-

350

16.

17.

18,

19.

20,

21,

pression in human esophageal cancer, Clin Cancer Res
2005;11:2947-53,

Yamazaki T, Akiba H, Iwai H, Matsuda H, Aoki M,
Tanno Y, et al. Expression of programmed death 1 li-
gands by murine T cells and APC. J Immunol 2002;169:
5538-45,

Loke P, Allison JP, PD-L1 and PD-L2 are differentially
regulated by Th1 and Th2 cells, Proc Natl Acad Sci U
S A 2003;100:5336-41.

Annane D, Bellissant E, Cavaillon JM. Septic shock.
Lancet 2005;365:63-78,

Lee SK, Seo SH, Kim BS, Kim CD, Lee JH, Kang ]S,
et al. IFN-gamma regulates the expression of B7-H1 in
dermal fibroblast cells, J Dermatol Sci 2005;40:95-103.
Keir ME, Latchman YE, Freeman GJ, Sharpe AH.
Programmed death-1 (PD-1):PD-ligand 1 interactions
inhibit TCR-mediated positive selection of thymocytes,
J Immunol 2005;175:7372-9.

Saunders PA, Hendrycks VR, Lidinsky WA, Woods ML,
PD-L2:PD-1 involvement in T cell proliferation, cyto-
kine production, and integrin-mediated adhesion. Eur
J Immunol 2005;35:3561-9,



