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(A) HSV-1 E4xMifaic 17 % PILRe V) 7~ FOFEIHE. FEEG: 293T #ifg 7212 HSV-1 (F, KOS, VR3, SCI16 #) Egufify
%t b PILRa-Ig (##) F 7213 Control Ig-fusion protein (CD200-Ig, Aifi) THA L, 7T —H A b A N1 — TN L7z,
(B) HSV-1 YA 5 D PILRa V) 7> O EDRE. HSV-1 By, JERGAMLo Lysate %* 5 Control-Ig (CD200-Ig),
PILR« -Ig THIEILIE%, SDS-PAGE ToriL, $idfuziro 7.

(C) HSV-1/&gefif 11256 BL3 % PILRa V) # » F @ Western blot 4. HSV-1 &4z, FEE 44 o Lysate 2° &
Control-Ig (CD200-Ig), Nectinl-Ig, PILRa -Ig {2 & V) %0y ikkEf%, SDS-PAGE THr#EL, T gB HikE 72130 gD Hi/k T
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1, 3-O-sulfated heparan sulfate & 12443 5 & 14.18.22)
F72, gD IS, AL AICb L Y VR IR S DR
HOBHVEIIGFAEL R0, REE OB I EERM S
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STV, —J7, gBPMHRERROSTEEE6THI LI
IDERAZTIERI T E V) IEEEITRBE N, 20%
5T OB & LT Heparan sulfate 25217 5 7=, L
7°L, Heparan sulfate Z /R L 72/ifg 126 LTH HSV-1 1%
BIRELTREGDSTTRETHY 2, £ 72, Heparan sulfate ~
DFEEERAL % RIB S E 72 gB 2 F5D HSV-1 b ERGLhe & frEF
LCw2 B, F7- WO gBE, Heparan sulfate X
HHIEIZbEETH 2N TE, Lad, HSV-1 OfEYH
HOHEL ) 2FFWHE e, BELDY, gBId,
Heparan sulfate DAt O 51 & 26 L, flaEs = >~
N —7OERE, % LT, HSV-1 O~ &G BT
WCEELRSE R LWL REEATRIE S N7z, Ik,
P, REBROMBLICERL, ZOMBORIEILE % il
M rR7TML LTy —D—FTHAH PILR (Paired
Immunoglobulin-Like type 2 Receptor) « %%, gB & &&
L, HSV-1 OEGIC 5 LT aHEHs2Ic L7219, K
15Tl HSV-1 DRI~ DIEGIZ 51T 5 PILRa DEENIZD
WTBERL S 5.
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—D2 L LTHHERTRIL £ 7% — %4 L7216 ERIRInE
DHIH D G-H7RE STz, FTADPHL NI LT/
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TRLYE Ty —D—2THY, fFE)H > FTHH CDI9
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MR G T B AV AIZb R e b X912, MHC 4
TFORIULTRHA M h A VAN Z &1 X ) fEEaE
AMHEEEL TWAEZ EiZmenTwiz2s, It &7
y — % L7t R R IS oW TR S T W o 7.
Z 2T, AL, HSV-1ESRICB 2 ERTRL &7
¥ —D—>2T&H 5% PILRa D52V TNt 2475 72

T4 1L, HSV-1 &4l PILRe U % >~ F %588
LTV B2 2ITT 572012, PILRe OMFISMEBD Ig-
fusion protein (PILR« -Ig) % fE#L L, HSV-1 E4HAT 12
WET DD E) DRz, 293T ML HSV-1 % Egetk,
CPE 2SHERR & M7z Mg sl THIRE A ML L, PILRe-Ig 2 & %
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71%, MAFAHSK® PILRa V) >~ FASHSV-1 J&4:12 X b 5%
BFHE SNz RS 2 Sz, 22T, HSV-1 E&gul
Jan%5¥+ % PILR ) > F&F%ET 5720, PILRe -Ig %
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5 N7 A PILRa -Ig & FICfEILBE S N2, 22T
Z D 110kDa O 45§ & B &30 & W i 4% &, HSV-1
DIy NO—=T % NTED—DTH % glycoprotein B
(gB) THAHIZENWHLENIZR-72 (R1B).
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blot LV Z 4T 572, PILR o -Ig I2LY) 03I S
72b DI, BB HifkT 110kDa DOALE 1282 B AR &
7228, VgD A TlINY P S N7z, —7,
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TNy FoSE S, JLgB IR T b T h Rl H N
v FAHH &7z, Control-Ig THRIZELESI N DI,
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ZEPHE N E R ST,
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0—7% 528, gB, gD, gH/gL % #h -+ 293T M3
NI A7x27 a3y, PILRe-Ig, NectinlglZk?
Yeta 247572, $5H &, PILRa-Igid, gBFI 2722
7y MF L TCOREEDRO 5N, gD, gH/gL T v A
T H v N TIREGDERO S5 72, —J7, Nectin-
Igid, gD FI 2722 %Y MITAEGIROSN
hS, FOMDONT AT 278 MWL THAIRRD
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\CHFFET % gB #3035 2 LSS R o 72
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IO WA Ty N =T 8 VSV ETH B 720
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(A) PILRa @ gB 2 24 RM 2 b4, MIERE IR T 2 L 912 CRIRM 40 7 3 VB2 KIBESE72gB, T2l
gD, gH/gL % #NZFI GFP & 31 203T#MifBIC N9 A7 227 3~ L, Control-Ig (CD200-Ig), PILRe«-Ig, Nectinl-Ig
(FE#) BXU, kIO ATEME L (Hf) 70— A A M) — T L7, GFP Bz B 5 216 o Ig-fusion
protein, DY /Ny —  HR L7,
(B) gB/x18 HSV-1 4l i3 PILRe -Ig ICF8k S e vy, JERE Y% 203T MHE, Wild-type, gB-KO, Repaired HSV-1 &%
293T #i}fs % Control-Ig (CD200-Ig), PILRa-Ig (SE#) B L, kIUfkoAH () TYm L. CCk6) X b o)

7 A )V A gB 5T % & L 72 Repaired virus % &4 & &
7-HBE L, MR ETo gB 05 B L U PILR« -Ig
WL BEEonEI RO s (K2B). MLEX D, PILR
a B gBIIFRNICEETH I LWL L o7,

PILRax bS5 RT 945> Mt
HSV-1 BRI E S

gB L, TRTOANRATAVABIZBVWTRIEEINT

B, F7, HSV-1 OBGWELR T NO—T % VX7
BThHb. gBLtT ¥ —DEEDTREMEIZOWTIE, Ih
FCRBRINTEZD, MREEO OGS LT
LZODHEZTTHLN IR o T irholz, EERD LI,
PILRa ’gB & &E6T5H5Z 25, PILRa id gB ESHT
% Z L2 X HSV-1 OGO IREA IZRIS- L TV 5 1T HE
A%z oh, #2C, HSV-1 ICBGEIRIMETDH 5
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3 CHO-K1PILRx k5> AT 74> MIXT B HSV-1 BEg
(A) CHO-K1 212 PILR e s&{ET % & & pMXs-IRES-DsRed & —#PEIC NI > A 727 v a v L7ztk, GFP 23— F$ 5
HSV-1 (HSV-1-GFP) # &4 &+472. DsRed Mg (PILR« Fik) o> GFP Byl (HSV-1 &geifi) oEl&% 70—
P4 A MY —TEITL.
(B) Pt PILRa PUIARIC & % HSV-1 Y%, PILRa % —i P15 & & 72 CHO-K1 Mg, $TPILR« FLiR, I ¥ b a—udit
{KFFAE T C HSV-1-GFP % j&ge S, HSV-1 Bl oS4 % e L7z,
(C) PILRe-Ig IZ X % HSV-1 &4 fH¥E. PILRe % —i#M: 2583 & ¥ 72 CHO-K1 Mifi2, PILRa-Ig, Control-Ig f74E T ¢ HSV-
1-GFP % e & &, HSV-1 E&Ysila o0& 4 2 M Lz, (SCHk(6) X b o)

Red: PILRa

Green: BDHL BHL
Processed

Color

Phase

4 gB-PILRa DHE(ERA %7t L 7= Cell fusion
HSV-1 Do Ru—7% X7 a8 &7 L PILRe 23830 S 7-4g 2 3L552 L, Cell fusion assay =17~ 72. gB, gD,
gH, gL (BDHL), gB, gH, gL (BHL), gD, gH, gL (DHL) %# GFP &3kic s A7 =27 ¥ a ¥ L7 CHO-K1flfa &,
PILR« # RFP &2 VT v A7 27 ¥ 3 » L7 CHO-K1 #iflg2 &, GFP ¥ 7:1% RFP [atEMila % Cell sorter TH@EL, ¥
L7, SIEMIE, HOLBAMEEIC X VEIL L7z, MIRER A Zie 2 L7/, Overlay THEOMAE L LTSNz (RE).
F 7z, &%, ROFEREMRE T IREIC, BAMRE (FEME) oaBFOINARIES L) ICBBER LA (FE, Processed
Color). 7z, WHLICL 25H A FERICER L7 (Phase). (3CHk(6) & V) i)
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WA LT, FORSE, Mock NI A7 225 FTIE,
HSV-1 DEGensiBd 5z volZxt L, PILRe b5 v A7
7% Y MEIHSV-1 IS 2 2 EFHL IR -7 (K
3A). TR XD, PILRa DFIATHSV-1 O fkged 12 Y
BLTwA et RE SN, T/, HSV-1 G
PILRa & gB DA% HET AL PILRe €/ 7 U —F)ViT
£=, PILRa-Ig ZRIN$ % &, PILR« EEIMILIH T 5
HSV-1 oEgnsiiE s 7z (B3B,C). LEXb, PILRe
ZEBURE I3 % HSV-1 D&G:I21E PILRa & gB O &ADY
BETHHZEDPHEHL IR 5 7.

PILRx-gB D& IFEREICEEL TV

gB %, gH, gL &ITHMRE v VAo RO—7D
A Ep| R THRETZH-> T\5b. 22T, PILRe &
gB EDEED, BREICHEEG L Tna 0l »pBHL 2T
% 728, Cell-fusion assay = 17 » 72. CHO-K1 0l f3 (2
HSV-1 ® gB, gD, gH, gL % GFP & 323 s 7241
&, PILRa & RFP % L5 S 7ML 5538 5 % &
IS OMINLR L ORIV G O T % BRI L ) BlgR L 7-.
T2E, DY OHOMIBIZB VT, GFP & RFP »33ki2
FHL T iEEMBrsRo s (R4). —F, ¢B,
gD, gH, gL #F T HMn L, PILRe 2L TWniw
Mock #Fa TIIMILORA 3O SN r o720 Z ok
WY, PILRa & gB O&E13 HSV-1 YD O R &
TANADI Y RNU—T DI Tnb T e
HB L7,

Monocyte NDREZEIZHEWVWTSH
OB & PILRaDRENWETH S

RIZ, PILRa =383 L T\ 4 primary Mgl BWTD
PILRa A%, HSV-1 G255 L T2 H 89 &S (2
A0, KIEMEZERAE (PBMC) % v HSV-1 B4
FEEi %47 -72. PBMC Ti, PILR« D%HIZ, CD14 Bk
MO HEERIZERD SN 5 5%, CDIU MDY ¥ SERICIEER
LN, —F, gD ORERTH S HVEM &, CD14
i, Fatedie & b ICHERBREICEBIL T (R5A).
% 2T, PBMC % CD14 Ftk, Ptz omEL, 2he
NoOMIEIC HSV-1 /&g S ¥ 5% &, HVEM OAEFIH L
T2 5% CD14 el Tk HSV-1 DRGATFRD 5N\ D
2% L, PILR« 3 & O°HVEM #3814 5 CD14 Btz
Ti¥, HSV-1 OGEHBoH5 072 (R5B). 512, B
2P0 PILRe Pifk, d L <13, HiHVEM Hitkzmz 5 &,
HSV-1 E4ehsiiE IcE SN (B5C). ULy,
primary fliE® HSV-1 DEGIZBWTH PILRe ATEI 7
ZE 2o TWE I EDPHL IR o7z, FRIZPT PILRa $T
f, i HVEM $UED £ 512X o TH RGP HE S N
ks, HSV-1 4213 gB B L U gD 2 asill
M DOZHRIIEST LI EDWHTH DL Z LS H

(VA4 VA #58% 17,

2% »72 (B 5D).
BhH)IZ

PEnk9iz, 4FTlE, HSV-1 ofgicid gD DLt
Ty —DRDPEELEREHS TV EEZ LNTED,
FAOWIEICLY, gDDOLETF—DATIEITH5TR L,
gB IR LORN LTy — b E&ET LI LN
HSV-1 DG EETH D I EDWMOTHL DI % - 72,
HfE, HSV-1 BGYEDBRRICIE T Y 7 a BV EHENT
WBH, T u IR ISR IR T 5 720,
BARZOGDOEEET L2 LI TE 2\, FRICHMREHLRS
DFFAERED VIR T ORI T, BYDILATY & R
HESLZENTHE BT L ETEELE DN S, PILRa
¢ B OMEEAZHEST S LICL ) HSV-1 D2 D
bOEHAETLIENTE L7720, PILRa & gB O AN
HZHET S X9 RERZ, Tr7aE L3RR 5060
W2 oMYA VAL LTHMTHLEEZONRS.
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CD14*fEfa D #
PILRoB5

1) 2 NBR EAEK
(CD14)  (CD14%)

—Control=>» >

CD14*, CD14 #fifa
FIZHVEMES T

Nectin-1>

B
701 CD14RE 48R
—~ —o— = T
& 60 ¢ (PILRor,HVEM*)
# 50 —e- CD14M5 4R
& 40 | (PILRo*, HVEM®)
# 30 t
T 20}
2 10
0 L &—@ @
75 25 7.5 0
PFU/well (x10°)
D

HSV-1

5 Primary #f2IC%49 3 PILRx %4t U /= HSV-1 &3
(A) &} PBMC i231F % PILRa, HVEM, Nectin-1 ®3E3. PBMC % i CD14 itk (Mi#ih) & 3612, 1 PILR« $ifk, #t
HVEM Htfk £ 72135 Nectin-1 Hifk Gifelih) & 2 BB L, 70—4% 1 X M) —THEF L.

(B) CD14 Fpifia~o HSV-1 @j&g:. PBMC % CD14 &% & CD14 MMl 258 L, HSV-1-GFP % &4« & 472, GFP B
MRS (HSV-1 Egeiife) oEl&%2 70— 1 b x ) — TR L7-.

(C) #uPILRq §ifk, ¥t HVEM UM Ic & 5 HSV-1 4%, $i PILR« $ifk (10mg/ml), i HVEM il (100 f54H) 77

10)

11)

TETC, CD14 FplEifgic HSV-1-GFP # &4 &, EAslifao®l Gzl L7z,

(DL 3k (6) & 1 eif)

(D) gB-PILRa DM HEAEFIC & A HSV-1 &g, ZNF T, gD &7 A4V AEZHEMAE (HVEM, Nectin-1, 3-O-sulfated Heparan
sulfate) DEEDADHIBIANDEGZAATH S EEZONTELD, AERIZEY, ¢B, gD BNENFNOZHEMEESET
% 2 ESHSV-1 YOV ICEETH L Z EFHL IR o7,

tein H contains a membrane alpha-helix with attribut-
es of an internal fusion peptide, positionally conserved
in the herpesviridae family. J Virol. 79: 2931-2940,
2005.

Heldwein EE, Lou H, Bender FC, Cohen GH, Eisen-
berg R], Harrison SC. Crystal structure of glycopro-
tein B from herpes simplex virus 1. Science. 313: 217-
220, 2006.

Herold BC, Visalli R], Susmarski N, Brandt CR, Spear

12)

PG. Glycoprotein C-independent binding of herpes
simplex virus to cells requires cell surface heparan
sulphate and glycoprotein B. J Gen Virol. 75 ( Pt 6).
1211-1222, 199%4.

Krummenacher C, Supekar VM, Whitbeck JC, Lazear
E, Connolly SA, Eisenberg R], Cohen GH, Wiley DC,
Carfi A. Structure of unliganded HSV gD reveals a
mechanism for receptor-mediated activation of virus
entry. Embo J. 24: 4144-4153, 2005.



34

13)

14)

15)

16)

17)

18)

Laquerre S, Argnani R, Anderson DB, Zucchini S,
Manservigi R, Glorioso JC. Heparan sulfate proteogly-
can binding by herpes simplex virus type 1 glycopro-
teins B and C, which differ in their contributions to
virus attachment, penetration, and cell-to-cell spread.
J Virol. 72: 6119-6130, 1998.

Montgomery RI, Warner MS, Lum BJ, Spear PG. Her-
pes simplex virus-1 entry into cells mediated by a nov-
el member of the TNF/NGF receptor family. Cell. 87:
427-436, 1996.

Mousseau DD, Banville D, L'Abbe D, Bouchard P,
Shen SH. PILR«, a novel immunoreceptor tyrosine-
based inhibitory motif-bearing protein, recruits SHP-1
upon tyrosine phosphorylation and is paired with the
truncated counterpart PILRbeta. ] Biol Chem. 275:
4467-4474, 2000.

Satoh T, Arii J, Suenaga T, Wang J, Kogure A, Uehori
J, Arase N, Shiratori I, Tanaka S, Kawaguchi Y, Spear
PG, Lanier LL, Arase H. PILR« is a herpes simplex
virus-1 entry coreceptor that associates with glyco-
protein B. Cell. 132: 935-944, 2008.

Shiratori I, Ogasawara K, Saito T, Lanier LL, Arase H.
Activation of natural killer cells and dendritic cells
upon recognition of a novel CD99-like ligand by paired
immunoglobulin-like type 2 receptor. ] Exp Med. 199:
525-533, 2004.

Shukla D, Liu J, Blaiklock P, Shworak NW, Bai X,
Esko JD, Cohen GH, Eisenberg R]J, Rosenberg RD,

19)

20)

21)

22)

23)

24)

(WA VA 5558 %

Spear PG. A novel role for 3-O-sulfated heparan sul-
fate in herpes simplex virus 1 entry. Cell. 99: 13-22,
1999.

Spear PG, Eisenberg R], Cohen GH. Three classes of
cell surface receptors for alphaherpesvirus entry.
Virology. 275: 1-8, 2000.

Spear PG. Herpes simplex virus. receptors and ligands
for cell entry. Cell Microbiol. 6: 401-410, 2004.

Turner A, Bruun B, Minson T, Browne H. Glycopro-
teins gB, gD, and gHgL of herpes simplex virus type 1
are necessary and sufficient to mediate membrane
fusion in a Cos cell transfection system. J Virol. 72:
873-875, 1998.

Warner MS, Geraghty RJ, Martinez WM, Montgomery
RI, Whitbeck JC, Xu R, Eisenberg RJ, Cohen GH,
Spear PG. A cell surface protein with herpesvirus
entry activity (HveB) confers susceptibility to infec-
tion by mutants of herpes simplex virus type 1, herpes
simplex virus type 2, and pseudorabies virus. Virology.
246: 179-189, 1998.

Whitley R]J, Roizman B. Herpes simplex virus infec-
tions. Lancet. 357: 1513-1518, 2001.

Wilson MD, Cheung J, Martindale DW, Scherer SW,
Koop BF. Comparative analysis of the paired
immunoglobulin-like receptor (PILR) locus in six mam-
malian genomes. duplication, conversion, and the
birth of new genes. Physiol Genomics. 27. 201-218,
2006.

#10,



pp.27-36, 2008)

HSV-1 infection through inhibitory receptor, PILR«

Takeshi SATOH, Ph.D'2,, and Hisashi ARASE, M .D., Ph.D.1:23

1 Department of Immunochemistry, Research Institute for Microbial Diseases, Osaka University
2 WPI Immunology Frontier Research Center, Osaka University
3 SORST, Japan Science and Technology Agency
3-1 Yamadaoka, Suita, Osaka 565-0871, Japan
E-mail: arase@biken.osaka-u.ac.jp

Paired receptors that consist of highly related activating and inhibitory receptors are widely
involved in the regulation of immune response. Several viruses that persistently infect hosts possess
genes that encode ligands for inhibitory receptors in order to escape from host immune system. Her-
pes simplex virus type 1 (HSV-1) is one of the viruses that cause persistent infection. Here, we found
that HSV-1-infected cells express a ligand for paired immunoglobulin like-type 2 receptor (PILR) «,
one of paired inhibitory receptors mainly expressed on myeloid cells such as monocytes, macrophages
and dendritic cells. Furthermore, we have identified that glycoprotein B (gB), an envelope protein of
HSV-1, is a ligand for PILRa« by mass spectrometry analysis. Because gB is essential for HSV-1 to
infect cells, we analyzed function of PILR« in HSV-1 infection. When PILR« was transfected into
CHO-K1 cells, which is resistant to HSV-1 infection, the PILR« -transfected CHO-K1 cells became
permissive to HSV-1 infection. We further addressed weather PILR« is involved in the HSV-1 infec-
tion of primary human cells. CD14-positive monocytes that express both PILR« and HVEM, a glyco-
protein D receptor, were susceptible to HSV-1 infection. In contrast, HSV-1 did not infect CD14-nega-
tive lymphocytes that express HVEM but not PILR« . Furthermore, HSV-1 infection of monocyte was
blocked by both anti-PILRe« mAb and anti-HVEM antiserum. These findings indicated that both gB
and gD receptors play an important role in HSV-1 infection. We have shown, for the first time, that
viruses use an inhibitory immune receptor to enter a cell. Invasion into hematopoietic cells by using
inhibitory receptors should be beneficial to the virus because binding to inhibitory receptors may not
only provide entry, but also trigger the inhibitory receptor to suppress the immune functions of the
infected cell.
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