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Staphylococcus aureus is a common pathogen causing a wide range of infectious diseases in humans and animals.
This bacterium secretes a variety of exoproteins, including toxins known as superantigens, such as toxic shock syndrome
toxin-1 (TSST-1) and enterotoxins. Staphylococcal superantigen-like (SSL) proteins are a family of exoproteins show-
ing structural similarities with superantigens but no superantigenic activity. This family is composed of 14 members
(SSL1-SSL14), and recent studies have revealed that these members exhibit various immunomodulatory activities: e.g.,
inhibition of antibody and complement functions, impairment of leukocyte trafficking, modulation of receptor func-
tions, inappropriate activation of immunocytes, and inhibition of blood coagulation. These activities have been
proposed to contribute to immune evasion of the bacteria. The interactions between SSL proteins and their target molec-
ules in the host immune system and the pathophysiological roles of SSL proteins in the bacterial infections are reviewed

in this article.
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A=N—HREIFINZ2HRTH D, WEROF]T
BThs THMlEzELr 00— HIciEHEL, &%
RERELICHENS. ZOX D RHEROERKEFICD
WTIERERNDEENFHEL S<FARSGNTNS, £
D, A—/N—PuH & SARHEE DRI T B WS >
INIET 7 2U—DRAIN, L TT BUERE
Z—)N—HUERES > /N7 (staphylococcal super-
antigen-like protein; SSL protein) &SI T
5. PHEIICE, ZIN6D0F NI EIET R
WIL>70OKMF 2 kkESE (staphylococcal en-
terotoxin-like toxin; SET) &LMINTWE=Z EHH
%. SSL & 2 )NZ 8L, A—/)N—HiE & HEP O
WEAT DN, A—=N—HEO XS T /i
LERIZRS T, TOMBEIIAHTH > 2. E4F,
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1. SSLYIN7EEEF?

BT RURWOEAT S TSST-1 L2750
F0F, A=N—HiEMESNEE (DD WITHIT
A=N—HiH) ODIEMZET . EHDOREINE T
1%, HAREDOHIRITHIEL TEMLE NS T #
faix, T<BEoNZ#HOI7O—2THoH, A—
N—HHOGEITIEERSED TR O— >
FLEOTEMREEIND., ZOXIBRERT TA—
N—] @I Tns, X—N—FiFIZLro—
MO THilEM (b ZSISEIITOT, LHED
YA MNIA CNERICEEASN, EERPHEHZEYT
NEMERMEGLL, HICERZHELTLES.
BHWIRY 3 v VERSCEZBEAEZ DT L
bdH D, A—/N\N—HEOEENR E72% 57 T3 F B
HEE L TE AR (major histocompatibility com-
plex; MHC) (2 — RENBHAfES >INV ED S
572N EXREINDHTFTHS. Filid il
RHICHHTH7 I XU FITEE LA —)N—
PURD, Bz bREROEN THDPUHEDL DI,
THIROHRZAZEKTH S THIEL 745 — 2%
WMLUZEBOTHEZEH LTS, X—N—HIFHIZ
DWTOWEEET, #HEAaT FUEREITIEA —/X—
PUR IS IS D & 2 ks >INV B T 7 2
U—WFHETSZENHENIE 2. ZNs Dy
FMSSL ¥ NI ETH DM, AZN—DNWTH
H MHC 7 5 Z 1l 5 FICidfE &89, X—/N—4i
JRD XS 75 T AEE HEALIER HaE0 5 TWRWN,

HIE £ TIZ SSL1-SSL14 D 14 O A > )\N—3 [ E
INTHO, 4r1T&E25000-35000 D45 > I)NTETH
L, TNFNDOHTFIE2 DD R AA > (N Kl
D OB RAA KX CRimflD B-grasp KA1 )
MO SN, A—N—HiEITHELIL Sz FF >
TV, 129 2N D512 31— R SERTIE,
JEIRMEICEL BT % 2 DOBIE T 7 IAY—&L
THEMETS. SSLI-SSL11 37 /L7141 T2 Ra
(genomic island o Glo) 12L& D, F7= SSL12-
SSL14 |3 %% [ml#E 7 5 A4 — 2 (immune evasion
cluster 2; IEC2) ICXDZEFNFNI—RKRIN53.9
SSL & N7 EEA—=)N—HHETHSDIT>570h
F 3> A (staphylococcal enterotoxin A; SEA) D7
2 /BB O, FEERICE > THRRDN,
20-2% EENIFEELSRW, —K, SSLY 2 NY
BHETOMREMIZZENLD HE <, SSL3/SSL4 fH

X e

Qé@

Fig. 1. Classification of SSL Proteins Based on the Amino
Acid Sequence Homology
The SSL family proteins are primarily classified into two groups: SSL1
to SSL11 are encoded by genomic island o (Gla), and SSL12 to SSL14 are
encoded by immune evasion cluster 2 (IEC2). The former group is further
divided into two subgroups: SSL7 to SSL10 constitute a subgroup distinct
from the other members, SSL1-SSL6 and SSL11.

TIX 69%, SSL5/SSLI11 [ T3 48%, SSL8/SSL9
MITIX69% Tdhs. F/=, SSLI2-SSL14 D 3 A >
IN—[E Tl 58-69% EAHFEIVED LA S N DI L,
SSL12-SSL14 &4l SSL A > /N —FR D AH[E P W
ITNHOXKHETH .20 205 OMEET—%
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2. SSL %> IN7EDOEHREWENE
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MU Fig. 2 ICEED . EERERITHL THA
ISERNHE I N TS, SR ICHEEE %
T DPUR R R 2 RS LTS ORE
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ENA BRSNS 77 IS L EIERDO IR
N EEREET D H O (SSLS, SSL10, SSL11) K
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) 2T, 1997 2 EBLREBIZ (W
W) . 2019 4B & D I PR SRS
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Table 1. Staphylococcal Superantigen-like (SSL) Proteins

Target molecules and effects on host physiological functions Reference
SSL1 MMP*-8 and MMP*-9: Inhibition of these enzymes 22
SSL3 TLR2**: Inhibition of ligand-induced macrophage activation 24, 25, 26
SSL4 TLR2** 25, 40
SSLS PSGL-1***; Impairment of leukocyte trafficking 15
Platelet membrane glycoproteins: Platelet activation 27, 28
MMP*-9: Inhibition of the enzymatic activity 20, 22
C1 inhibitor: Perturbation of complement functions 13
C5a receptor, IL-8 receptor 16
SSL6 CD47 (integrin-associated protein) 35
SSL7 IgA: Inhibition of IgA binding to the receptor (FcaRI) 10
Complement C5: Inhibition of complement activation 10
SSL8 Tenascin C: Impairment of tissue remodeling 33
SSL10 IgGl1: Inhibition of complement activation 11, 12
CXCR4: Inhibition of leukocyte chemotaxis 17
Fibrinogen and fibronectin 12
Prothrombin: Inhibition of blood coagulation 29
Phospholipid (phosphatidylserine) 34
SSL11 Enhancement of neutrophil adhesion and suppression of cell motility 23
Fc receptor (FcaRI) 41
PSGL-1*** 41
SSL12 Activation of mast cells and basophils 30, 31
SSL13 Neutrophil activation mediated by formyl peptide receptor 2 32

* Matrix metalloproteinase; ** Toll-like receptor 2; *** P-selectin glycoprotein ligand-1.

Receptors for
innate immunity

Leukocyte trafficking
e Antibody
@ = (SSLs
T Complement
S. aureus
Neutrophil & mast cell

Platelets functions

Blood coagulation

Fig. 2. Immunomodulatory Activities of SSL Proteins
Secreted by Staphylococcus aureus
The SSL family proteins exhibit various effects on the host immune sys-
tem, including effects on antibody functions, the complement system, recep-
tor functions, leukocyte trafficking, neutrophil and mast cell functions, and
platelets/blood coagulation.

Ofifast~ Uy 7 2 53Rk 2 BHE U H ek O#L
MM zEET 55O (SSLI1, SSLS), ARy
T2 HARGREOZRREEZGETZ2H0D
(SSL3, SSL4) 73 & R ILE Dk 4 I3 &
U, MO RZE RIS D 2 ENHFRIN T
5. —HT, FPEke~ 2 Mg BRI OfF

HibZH7-53HD (SSLI12, SSL13) 2 I
TW5, SSLI-SSLI1113, #ERIzx U THIMHIRIC
ERT 2 HDNLNA, SSLI12 KO8 SSL13 12135
EMEEEE LT AIERANRVHEITWn5S,
Figure 1 T/R L 7ZEM7R 7 ) —T 0 F EXMIEL T
NWBHEDITRABNFHEMIIABHTH 5.

FIERITHT DIERITIA T, /IR ORI
& 2N R MKEEE R IS 25D (SSLS,
SSL10), fifask~ b w7 2% 2N EITkER
RGBT EZ KT T HD (SSLY) AL NS,
JUIEE (K277 F2)NtU ) THEETHD
(SSL10) HEHEEIN TN 5.

SSL5 % SSL10 TH 5N 5 KD, 1 DD SSL ¥
SN EDPEBOENS TICHET 2000 H 5.
BRI FI2 K > TGN RN D Z EARB I N
TWHDHH DN, BIROKDIZ, BENSY N
BORREZERM WESHEMCT IV Y I D BRERED
IWARFIUL) BT B RIN TN S,



582 YAKUGAKU ZASSHI

Vol. 141, No. 4 (2021)

19G
a( Phagocytosis
—i %
T ‘ S. aureus \L
) -
é f Phagocyte
=]
Complement
activation

N\

Generation of
chemoattractants

Promotion of
phagocytosis

Fig. 3. Inhibitory Activities of SSL Proteins towards Antibody and Complement Functions

SSL7 binds to IgA receptors (FcaRI) expressed on phagocytes and impairs their phagocytosis. SSL10 binds to the Fc region of IgG1 and inhibits complement
activation via the classical pathway. SSL7 also binds to complement C5 and inhibits complement activation, leading to a failure in complement-dependent phagocy-
tosis and the generation of chemoattractants for leukocytes such as C5a. SSLS5 binds to plasma C1 inhibitor and perturbs the regulation of complement activation.

3. HGERUHEICHY B1EA

BT RUKRENEAT LR GSY > NI B &
L Cl%, 7051 > A (staphylococcal protein A;
SpA) kU7 RUBKEKET O T AEGY 2N
& (staphylococcal binder of immunoglobulin; Sbi)
MHSENTNS. 3 TO51 > AL, ®#¥Ersro7
J > G (IgG) DAFEGERREIELR EDALE -
SFEMFOERBICESFHEIND HiLlzsy > X7
BTHHD. IN6OY NI EEIIHENRERS
SSL7 %%, PiRICHES T2 SSL & 2 )X &L TH)
D THEE SN2, 19 SSLT 1L, 1gA 7 7 XA DHIKIZ
WET D, [gARIMKEPIZHEZELT 50, FiE
SPIMRICOZENSHURTH D, KEDORIFITES
B o> T3, SSL7 ik, IgA @ Fc fHIBIZH &
LU, VUREHIEORGITIIZE L 520w, G
Bk, HIk, xr07y—YkkEOBMIEOEMICH
94 % Fcl 74— (FcaRl; CD89) & IgA &
EZHET S, ZOME, IeABHIEICHE CF
TVZfb) 52 EICK0RETND BIEH
(phagocytosis) MgFEINS Z LI/ 5 (Fig. 3).

ZDH%, b EEZDRE2DOWMETIN—T XD
SSLI0 7"k b IgG IZHE T 5 Z LM NITEN
72,112 SSL10 1%, #5712 1gGl 7 7 5 202 HFE
ASEV, SSL7/IgA O ¥4 & FEIZ, SSL10/IgGl
M D#E &1 1gG1 @ Fe (IR Z M T2 DT, HiF &

OFREEIRWFE L R0, HRIKIC K 5 whiRiE L
DRV DA TH % Clq & 1gGl DFEA ZHE
9% (Fig.3). TO#ER, 5l&H IGEMEIREE T
D C3 DIFMELIT L B C3b DAERAHIHI SN, M
REAND C3b DLENKLZ 5T, BMED C3b 22
BERENUZBIERABESNS. —H T, #ifRE
PEAL DRI TR R S N2 R EE SR (mem-
brane attack complex; MAC) DK HIMA BN D
N, 7 RUKEREDT T LBGHEME Tl EE
FAND MAC O 513D, ZEINSNWHDE
BEALNTVDS.,

RIS AL RE R D B 72 R AT 5 C5 I
HLUTHSSLT NEAT B EAMEINTN
%10 SSL7 1% C5 Dt bz HEL, HILEKFATIY)
BThsd CsaDERKRZEMHT S, ZHITL-> T,
RGN 9770 2 hF R ER R £ O E IER D EFE D
EIN, BROKIICFEGTLHDLEEZI5N5.
BEFAZ B3, MEHICTFEIET 5 SSLS f5a 4 >N
IEDRHERHAGR D1 DTHBCl o eESY—
(Cl1 inhibitor) TH B I L2H_EL . D ClL 1 >
L EY —I3#ikE D Cls DT AT 5 —H Ik LA
EEH ZFDON, SSLS 12L& > T I DFHEME/M D
FHINDZENHSENIE o ClfeEESY —
W, WAREHEEORIER &L TOInD TR, B
DI7LA/FZORICHBEEGL TWAHDT, iR
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Fig. 4. Inhibitory Activities of SSL Proteins towards Leukocyte Extravasation and Recruitment to Infection Sites

SSL5 binds to P-selectin glycoprotein ligand-1 (PSGL-1) expressed on leukocytes and interferes with their rolling along the surface of activated endothelium,
which is an initial step in leukocyte extravasation. SSL10 binds to chemokine receptor (CXCR4) and inhibits chemotaxis of leukocytes. SSL1 and SSLS5 bind to
matrix metalloproteinase-9 (MMP-9) and inhibit its enzymatic activity. MMP-9 is a collagenolytic enzyme and essential for the leukocyte invasion through extracel-

lular matrices.

FAET, MEILER, RER ETAEEICEEE KT TR
REMEMN D 5. BT RUIKEIE, SSLS ¥ > \7 8
PL 4% 12 ® staphylococcal complement inhibitor
(SCIN) &IHIN B HAHER T4 23T 5 I &
M5, FROEENZHICHILENS DD EEX
5N 5.

4. AMBROEABENCH T DA

I H D F LERDVERFRAL > RIE R T~ B &9 %
EEITE, MENK EHMEROHEER, 7T
> (chemokine) 7% & DELMERTIT X S ML D
SlEWEMEAL, MRS < N w7 2D RE EBTIRD
TR/ E DM Z RS 2 ENAI S TN
%, BIMMROENTHRBENE <, MEBREITHEL
TWE R RPEERALICHBE) U T < 24 ERD E S
EEZFICEDEAMICE L= (Fig. 4. /=,
EHzZn s O@RIcW< DMdD SSL ¥ 2N H
DEEH-> TSI E&R U, S - RIERATIZE
WILE T, mENEZMROERmICEL 7 F >
(P-selectin f T) E-selectin) & I 2 Ml 025 5
FORHHL, HFHEREmICHEET S P-2L 7 F >
BEY 2 I)NZE U N K-1 (P-selectin - glycoprotein
ligand-1; PSGL-1) &FHINZHES > /87 EITHE<
TS, MIROFE T TR N IZHE S
TEOBER L 720 L7siy s B EE 2 i/ S B R3O0 —
J > (rolling) &MHIN, kfFhERDHARSNEE D

BB EEZ 5N TW5D, SSLS 13 PSGL-1 124
BT BHZEITED, PSGL-1 EP-ELZF 2 ED
WHHERZGEL, ifhikoo—y > 7 z2EET
5. Pt LIF R, HHEEZEETHL IV F R
PEERFOMIEESESTFTHD, PSGL-1 ITEFITHE
E9 25 E OREHICKE A9 5. SSL5 & PSGL-1
WO OHEKENTHD, SSLSI, P-EL U7 F >
LA D PSGL-1 D FEHMEE 23859 5 2 &I X
v, P-t L7 F > & PSGL-1 DA % 5 &1
KHETZHDEEZLNTND (Bilk).
WRIEELICEBIRNWAERT 27710 T b
> (anaphylatoxin) C5a - >4 —0- F > 8 (in-
terleukin-8; IL-8) I&5& S77ndFHHERFFE S IER 28D,
INSOFGIMEDZENRE, G&¥ N7 HHE
Z7%{K (G protein-coupled receptor; GPCR) T&H
57, SSL5 X, IN5 OZRIKICHERT 2%
MALUTHEGL, ZOMREZEET L ZENMEIN
TWN%, 19 X512, SSLIOIZHR DT EHA 2K
KTHBCXCETF—TRTENA ZHEKA4
(CXCR4) \DOfEBIEVENH .17 CXCR4A T4
THUN D RGFIRA MO—<HIMEHRKF lo
[stromal cell-derived factor 1o SDF-1ov (CXCL12)]
EIMENBrENA > THD, SSLI0 KU SSLS
1, ZNZNH O T M ER O RERAL N D HEAE
ZUiETHIEITKD, MEOEERERN S DlHE



584 YAKUGAKU ZASSHI

Vol. 141, No. 4 (2021)

BICHETDDDEEAENS. INHDSSLY
SINVEITA, #EAaT RUREE, Y7« I b
F 2 ChagHEROT >HTAMELTOIEH
% 7D chemotaxis inhibitory protein of Staphylococ-
cus aureus (CHIPS) 418 F OB HH SR il 5) TH B -
IWINARTF RTHT 2B >y I2A M &
L COEA Z$5D formyl peptide receptor-like 1 in-
hibitory protein (FLIPr)!'9 SIHIN 2% >NV E%
TS, ZOXDIT, BT RURENTILT S
@ﬁ@5/AﬁﬁﬁﬁHLT@£®%QM@@%W
BEhaild Z &R INS.

TEAA D OERTEMEE S NPT,
EICHR<$2E U, I N EGHI O RRR 28 0 & 44
WilEET S, 2L TCas—r rixnEDMEsN~
U v I A& R U SRk E R L Tnh < (Fig.

. BB, GFHRER ORISR AN 5 SSLS FERY
9>N7E%%%L,7bUy7X%5Dfu%4
F—t9 (matrix metalloproteinase-9; MMP-9) 73
SSL5 IZHEB 95 Z EZHSMNITL .20 MMP-9 13
+¥S5FF—+ B (gelatinase B) & HIFINBZ~ K
Uy 7 25 fREEETHO, IVEL VR XIRI/RE
DAT—7 > Doz @ L T ER ORI E
T REZREDOBETHD. HET KKK
DOXRTF KT J NE L THHERD MMP-9 4
PRATTHET 2 2 E B HE TN TS, 2D SSLS 1,
F& 8 MMP-9 OB EIEE 2 IEFSICHEL, in
vitro DIEJEEE T IV RIEET IV Y T X TOIfFH
RoREEMHT LI ErREINL. LEDOXD
2, HHEROBR RN OEEICE L T, mENK
EOMAEMH, B EHIEEL, MRS E
D# AT T HSSL5 KX SSL10 iIC K D HEF S 1
2bDEEZEND. TDHE, SSL1 H MMP-8 K&
MMP-9 IZH#EE L, BRIEEZHET 2 2 &A%
HEINTWD. 2 i, HEROEEMEICEAL T
SSL11 Q& EIN R I N T WS, SSLI1 X, &
HRoEEEZ ERSEEEZETEIED EOWmE
TH2.% ZOEMOEFITZH S A TIRRWA
PSGL-1 ITI3MKF LIZBNWANZ A LD LS TH 5.

5. BREEROZEEICHT DA

TERIL, BRGELEEREEND 2DDKRE
AT =TT 5N50, REOHELIRST
W5 HARREITENICH S DS HLRETH 2.
FHBRER R ITHR U T, ISR I > THARRE

Bacterial components
(Lipopeptide, etc.)

Cell l_/
el

membrane

TLR1
or
TLR6
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Activation of
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}
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Fig. 5. Binding of SSL Proteins to Toll-like Receptor 2
(TLR2) and Impairment of Signal Transduction
SSL3 interferes with the interaction between Toll-like receptor 2
(TLR2) and its ligands, such as bacterial lipopeptides. SSL3 also inhibits the
dimer formation of TLR2 and TLR1/TLR6. The binding of SSL3 to TLR2
impairs cellular signaling for the activation of transcription factors and
cytokine production. SSL4 also blocks TLR2-mediated cellular activation.

ME7=6<. BRGEEZHES ke~ o7 v —
2, U O NEROTUESZBARD K D IR B 2 DU
L ;tﬁzﬂ“‘ Z, MAEMCEEMA Iy T omEiEG &
KENMEFHT 2NY — 2 B2 AR (pattern-
recognition receptor; PRR) % W TR % 03
5. ZDXDIBZEMEKDRED Toll k=2 F K
(Toll-like receptor; TLR) T& 5. b b Tid 10 f#
8 (TLR1-TLRI10) 23FI50, TNZNHRIET 2
WA 1 HRT2 5.

SSL3 IZHE &9 2 hEMED I TR RBLE T
A TLR2 IN[AE X722 SSL3 I b HFEMED &
W SSL4 H TLR2 IZ#EH T 5.2 TLR2 1, MRk
HTHBVRRTF RORTF KT T > &8 T
5ZKIKTH M, SSLIIZURRTF Rb DN
7T RIBREFHAOREIC LB~ 707 v — 2 O
{EZMH L, IEEYA N1 OEEZKFSE
% (Fig. 5). SSL3 & TLR2 &K D ik 5 b i fi bt
N1, 20 ZofERMNS, OSSL3 N TLR2 DY
A > RAEGERAL O AT WALk A L, U RN
TFRIBEITHTDUN > REEGRT v hakD 5
Z &, @SSL3 ofiaELid, TLR2 & TLR1 %
WiZ TLR6 & D 2 AR KICED 2 HER & His S
THBD, N702&REROTIEZE N L TZEEN
SHIRENAND 7 FIVEEZEMA S Z ENE S NIT
2o 7z, SSL31E, ZDX 575 T TLR2 DZHE
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REREZRET S B 5N 5.

6. I/RBR O IR EE (Cx$ 5 1EH

SSL % > X7 E1E, EEOREREIMND TR
I/ MR RERE R I L TH R 52 5. filx
WX, SSL5 X, Im/hiK oMl kE ¥ > X 7 8
glycoprotein (GP) Iba }2 U)X GPIIb/IIla (allbfB3
T 7)) AL T/IMRICEE S 9 5272 SSLS
ZYRB/IMRIZINA B &I /IMREEENEHR I NS,
Z DX D75 SSL5 OERINE, SSLS A3 /N A 4~
2NV 'E GPIba IZHEB T2 2 EMGIERLERD,
Ml HE3E 01 odIbB3 A > 527U > DL E N T
5HDEMHRINTNDS, SSLSICL-> T I
S /NI AL, /N RE 5 > )X 7 8 GPVI
ORISR AL HROUIEET 7 A2 MK D
FHEXND I EMS, GPVIH SSLS OfEA G %
MRS 2 alREME A RSN TW S, SSLS I &L B /b
BRIEHEALERANY, MEEDTEE R TIIEESd 2 2 &
5, MEEFITIEVELZ G 2 KT OFEN/RE S
N5, w2z, mHEPIciECl 1> eE
5 —72ED SSLS fEGH >INV BENGFEET DD T
INHDY )N EH SSLS & /IR IEEE S > )87
BOMEERAZHRAMICHET 2006 LA,
Z DX D IR/ IMIEEALERNE, BEICE BRI
PRI B 5.9 % nlfElE DY 5.

SSL & > /N7 & O I #k e [E R I 59 2 /EHITD
WTHHFNSN TS, SSLI0 1L, I ik % [E K+
Thd7O0bO>ENHEGL, MRk Z M 3
L EMNREINZ.D TOhOLE Y 2SS MKRE
BRTFIE, 72N EOMREBEEMELTTILEY 2
CERFRILITE Y 2 O KARGFERRTIVRF U (y-
HIVIRF IV I 2, y-carboxyglutamic acid;
Gla) &ffizZ1rTw%. SSL101E, Yohror v
i EMEEEET O Gla 288 KA1 IS
L, BEERTOMEME I R — REMHIT D EH %
5N5. —F, #6T7 RUBREL, Mk 22k
TAHERAZFEDIT7 Y 5 —1 (coagulase) % A
THZEMUFELDHSENTWS, a7 73—
i, Yoo EXICHEA UEBER eI ERIT
ZERTED, 4TI I=T2DT 4T ADig
BafEtEd 5, T RUERENL, R R Ik
LTRMOIERZHD>a 727 5 —F & SSLI0 & 2
EAELTWSZ &R, a7 7 7—YiX, WHihRE
MCTT7 17V SRR EESE, RERNS DRE

ZEMET S ENDHEENRBINTWS, SSLI0
DA, MEEEE R SR ICERH I NS Z &
272270, R & OBEMEIIRBATSH 0 5% O
NE=N5.

7. GREMIROEMELIER

INETOWMETIE, SSL Y >IN HEDXEME
FIIFEMHITH - 720Y, FaLIc/R 0 RE e Og
PEEZEB ST I EaRITHARENZINTH
5. D123, 7UIF—KINTHESEDSET R
Nl (EMHR) Th s, Bffidsko~ 2 il
IZSSLI2 2 A% &, MG & B
BRI OSNHEI N, BRNICEASNTNSE X
&I EQEMIEEYE ORMNEHEIND, 0
[FRFIC IL-6 OV IL-13 72 EH A N A > EEADME
EINDZENMHASNIEINZ, F2, YTUADE
NIZ SSLI2 2% 592 Z Lic K 0 m&E Ei@ME oIt
EHBEDSNZ. NS OKIRIE IgE ITKEFE L7
WZ EBFETRINZ. YA Ml & Ex O
HERICH L TH, SSLI2 IFIL4 O ZFEL
W ZDOXI T A Mg AR IR AL
W, T RUBRERRIC K D RIE - 7 LILEF—
FIEREDOHELOMHEEZ RBTLHHDTHD. X
7z, SSL1412H < A MIAIZH L T WA 5
PEAEIERDRED 5N TN S,

SSL13 1%, HRILIINXRTF RZEMAK 2 (formyl
peptide receptor 2; FPR2) %4 L ThfhER 2 G MEAL
9%, SSL13 I3 EMMERFE L TOMEEERL
S5 ICER SO CIE R R TS 2.
nsOEMITE FOIFHFERICERIS LS, YU
DOFHERIZH T DERIZ®< 72\, ZO#HE T,
TS DFEEREMN S SSLI13 235 [alkE & W 5 2 E X
Db, FEMAEMHTZEESTELTIESL
nEEEA RIS N TS, SSLI-SSLI1 &3 #7200,
SSL12-SSL14 (T3 %% % & Wi (k.9 2 A8 &b
%, BBk R/=A3, SSL12-SSL14 & flidd SSL A
SIN—DT 2 BEH OFMEIMENZ & (Fig. 1)
CEBZR TRV D LA,

8. ZEOMDEHR

G & DRIRIEIRE < 1E7nna, Ml hY v
27 A (extracellular matrix; ECM) % > )N 27 B IZ#E
HBTHSSLY > NZEBRWHEINTWS, #a
HicBEIcEENS 7+ 70 x s F > (fibronec-
tin; FN) {2 SSL10 359 10 2 &i2nA, SSL8
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MO ECM % >NV BETH 25731 > C
(tenascin C; TNC) IZHEET 5 2 EMBHALMNIZTEIN
TS . P TINCIIEEY >NV ED1DTHD,
A>T VIR EORIAEE T, 747U =7
>, a5 F 7 HR FN R EDMO ECM B4y
LiEE9 5. TNC & FN OMAE/ERIZAIGREIC
HETHD, ZOHAIERAN SSLE IZL> THES
N5&, AlGREOEBIENSLIND EEALN
5. WBESIF /YA~ (Al OEBRTIE
TNC 1T & 2 #ll el o fe 8 $1 il < 3% B (2 1 D Z) SR o3
SSL8 DRI K D EETT 2 T ENHENMND BTN
5.

U UNEEICHEET D SSL Y >\ ENRWH X
NTW3%., SSLIOIZHRZAT7 7 F )Lt > (phos-
phatidylserine; PS) Z &8 iRy — A ICHERAYITHE
BT DT EMRI N MDD TH %
PSI, 7R b= A& EI L MEORmICERT
THIENMBENT NS, SSLI0 H % WidZ DiE
W75 A ME, YHRM—= X&KL EAIME
HfE (Jurkat fif@) kAT ENRINTZ.
PSIZ, ~7077y—YhEOBHEMNTRRN—
ZHfaEZERTHEEZOHE (WHd 5 “eat me”
STFI) ERHOTWSHDT, SSLI0IEY R k—
2 AN DULEETR T B A 5 2 D e ReENE 2 5
ns.

SSL & >N B LafhERE T T O B/EH %
FRDHEHBNT, 77— 51 A7 LA (phage
display) ¥EATHW 53, SSL6 AiFHERD CD47 &
EOT DI ENHSMNTE D .3 CD4T 13, Hilg
BENTA T ICRBT25 2878 (in-
tegrin-associated protein) Td VD, £ < D MK
ICHRET 575, T Mg T3z ot bic B 53k
RIS 7 FIIVDIEEICEE T 5 EFbNTn5, 30
%72, CD47 i3k 2 HEE PS I3 T ““don’t
eat me”’ > FI)VEHES T EL TEMEOKEIC
KU TRH#EMIZIZES K ZENHSNT NS, 3 HE
B¥1Z SSL6 78 CDA7 IZHE 59 5 SAFHERIT K AR 1
BROBEMEHEIND ZEMNRINT NS, 3D Bz
%5 SSL & 2N ENR D CRIEM 2R
% Z EiFBkEN, SSL Y NV B EEERER
DOHENEHOEMS NEHAS.

9. SSL &> N\NHEWEHOMEAER

1 DD SSL & > )\ BN DRI B W5 F

NeuAc Gal GlcNAc
HO
H OH
Ho £ HOOC o OH
HOw 0-7-0 o Q
AcHN Ho o O~
HO CHs o AcHN
OH
OH
Fuc ™

1
b e e e e e ——— ___|

mn
-
(9]
Q
iy

Sialyl LeX

Fig. 6. Structures of Sialyllactosamine and Sialyl Lewis X
(sLeX) Carbohydrates
NeuAc, N-acetylneuraminic acid; Gal, galactose; Fuc, fucose; GlcNAc,
N-acetylglucosamine.

ERBETAHHIEIINETRTERZLDIITBLLA
Wy, BIIZIE SSLS 1E, A ERAIREME PSGL-1, i/
WA GPIo % GPVI, < KU w27 243 R 3%
MMP-9, [Mi#E% > )N7E Cl 1 >ekEsy—, #Eik
PEK T CSa Z &K IL-8 AR E L kR 7800 73
ST ERDMN, ZHsidnT bz s Ok
Y INVETHD (Table1). SSL5 L, ThniE
)73 T DOFESHREE 2 385 L TV D &0 SRR EE
INTETNWS, PSGL-1 Dh ¥ —ZHIKTH
5 P-tlL 7 FiE, PSGL-1 5 FHNICEEICE %
NBHPEE DRI FET S 7 ULV A X (sialyl
Lewis X) (7 UJlL LeX) #&i& (Fig. 6) Z#3E%T
5. 27 UL LeX BEHIZ, > 7 IV [IN-7EFIL
J 153 EE (N-acetylneuraminic acid)], 557
k—Z (galactose), 7 d— X (fucose), N-7 L F
V)38 3 > (N-acetylglucosamine) 75755 U
B#ETH S, AmMEkEZS 7Y —EBUML > 7)1
fE2fRrET 5 &ITX D SSLS & DRENHEET S
ZEMSTTIINBEOEEMINRINTND.

SSL5 &7 U )L LeX ¥E$H D AHEAE R Y X #R#&
%%mtioﬁNBhWW$ﬁﬁ%®0XﬁHﬁ
ICIFTE T 2 BESEAE &AL S 7 U )L LeX BESH AL
BTBHZENHLEMIINTNS., ZOMAMEMHT
1Z, 7 UL LeX BESHICE N5 7 I— A (Fuc)
DERBEINP-ELIF > ETT U LeX HEHHDOMH A
TEROBE LR, ZHIEFEERES BN ENER

5. $hkbb, ¥7UINTT MY I (sialyllac-
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tosamine) @ =FEifEiE (Fig. 6) A3 SSLS L OHEHA
WCHEHETHS S5 LW, M/MRTIE> T UL LeX Hi
BOFB MK, SSLS &Ifi/MlERE S > N7 8 &
OHAMEMTIE, GPla XKU'GPVIIZEENSTT
UIVZ 7 Y URBENRGITED S Z EHERIE
N%. GPla OREET7 I A N THDH7 Uk
)3 > (glycocalicin) D EE/R O & AR ICIX
STUINTI MY IUEBENGENTVNS, ¥ Zhn
137 FRNTEE N KR FAFHE THEZIT > 2D
RRTHD, FAZRTHITDRN>TVSE I &IT
WS INENTLES. SSL4 KUSSLITIZDWNT
s eI N T, SSLS EHLl oG 2 H 3%
ZEMRINTNG, 404D SSL, & > )N 7 8 D Wit R
Mron s, SSL2, SSL3, SSL4, SSL5, SSL6, SSL11 iZ
1%, CARUAHEICHE#EESET — 7 DBREINTS
0, O T IV AR & O AR
HEIT5b0EHHINTNS,

MMP-9 & SSL5 O EAEMIZ BT 2 HEH D% E
IZDWT, FA7=B O —6 2 &RZITHT L7z
W2 HERIITREDOLDICELED BN S.

@O HERR A MM AL fk THP-1 K0 KEHE L 72
MMP-9 2 7 U5 —CUL > 7 IV %R ZE
9% & SSL5 & DFEEREM R E <iHEs L 7z

@ TTIVEEERESERIMICAINT 5 Z ENTER
VW CHO filfa DA B TH % Lec2 fMifid TH B
U7z 2 8 MMP-9 13, WAKTHREL =
MMP-9 2 b, SSLS & D& HEA D TR
Moz,

@ NHEGHHEHZ KT 2 X7 F F-N-Z7'Y O
4% —¥ F (peptide-N-glycosidase F; PNGase
F) T MMP-9 #4L# L T%H SSL5 & DfEEHE
WiEEAERLE N>, LirL, OFSE
BUIGESH DGR ERE (NP I)V-N-7tEF ) -
-5 %7 R 3I =R, benzyl N-acetyl-o-galac-
tosaminide; benzyl-GalNAc) 7#{F K Cig#&EL /=
THP-1 #if@ 3k © MMP-9 Ti, ZELLEE D i
falERDH D &R, SSLS & DG RENK
Moz,

INSOFERMNS, MMP9 ICEFICHERETS O
MERD T )V AREHEA SSLS & DS EICHE
ThdIENEIRBINS.

&HYIC

MEFRICET 20581, MAEYS, MEY, &

QUE®, TRIEZRED B CEERNEZ HD,
D TRWELE 2T 5 EHEE TH D, ZOREE
DOHT, BEEICEADZENENIZHERIIDNTO
TR L, [RYYIE DJFRE DfRIH T « BRI
KRESEHBLTEZ, LaLl, MEOEAET 2459
WHEILHEEETHD, WEERMOBDNE
<, FBHASHITTREHNR T THLN., AFED
T—XTHDSSLYNIVEBZOHTHO, 14
FORBRICHGADZEND LT OMMIINTET
W3, 1DDOSSLY )N\ EEESTH, HEED
B FEMEERZRT ZENHLSNIINTE
THD, SSLY U NVEDOEKRGBEZIRAZS-DIT
BHODULKMZET S EEbNS. 6T LD
FEMEEE TN Z DX D 753 e O YL Ay fiEie
IND T EITKDIRYYE DREATE O N EE
0, T EIRFE OB ® EHR T & 2 al etk ifE
N5,

BB AWETREN LR OMFED £ <13,
BEERRFMAEYFREFHBEETE L B Al
IRV NG S OIS QON . I - U2 R SY N B
NEHOTHO, MELITOKDEHHEL BT E
T OFK, B ELEED. WRicEDbo 2
SRR FIMAEY F B E R O K ERAE & AR A %
#HNZLET, BERKFETOHEENLIES D2
IR ICEEZKD CHBEE LA EILESESE
IR R OEH A BB, K20 ERIChZ0 &
HZBE L2 THE £ U 72 R E B R R E A
BEICEHLBEL EFET. ®EIZ, INETE
IO THREHEZ D £ Ui KEFE
Jerk, ARDERRSEAE GRECKZAZBER), Fril
—ERSEAE (T2 b RFHE RS EHEL
FET.

MzEAER PR NEHIZRA TN,
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