Sphingosine-1-phosphate receptor-2 s protective
against lipopolysaccharide-induced acute lung

injury
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ZMERE% (acute lung injury) X, SR IEEAEBREE (acute respiratory distress syndrome, ARDS) & &
dn, MMEZEXERFERLLTCREL, MEE~OAMEROREME, HEMMLEZAMETE, HAE:L#
NIXBHMEREEL BT IEERENTTIABRERERTH 5. AMMEE LT, R0 %
BRI R, AMREE T, NESAMFIEITLILICLY, QKGR & MREL 5 © X 5 i
Bhb, MENEICHFAETEEEA T AL —-F—A7 1> TLr1-Y B (sphingosine-1-phosphate, S1P) 42
B2BIZ R (S1P) ICEH L, SIPEET/ v 7 7w b7 A2 HWTAMEEIZ BT 5 SIP,O& S % K3
L7, 1 K%#E (ipopolysaccharide, LPS) D& EW G2 & 2 ML 0RE, MR E B e L -ng s
BAETEBSEMEG S, BFEEY AR L T/ vy 779 b IRATINEBETH 7. WBEHEEETO
N BEEFFEROBIMECICBITEA A VEBELO /v 77V MR YATINEETH-7-. LPS
WSRERNICES LN ATV MBS D VEHEEA VT F 74—+ (fluorescein isothiocyanate,
FITC) EE# 7 A M7 Y OMENRHEEZFIZRI LAY, Thid /) v 779 NI ATINEETH -7, LPS
BIROMBEEDOHEMS /v 777 MY IATHELBHETH -7, —BLEFE (nitric oxide, NO) (Z A4l
AR E TESE L. NOARBEHEEORSIL, /v /7Y I ATRONSLPSIZ L 2 A48 E
OMELZYLEL. D Eo#FRIE, SIPANO&KEH %2 AL CTIE /N 7HEZ S4B X ) AMHES
REERT AT REM A RIET 4. SIRIERMREGEOR LViEEEN L LD ) 5.

Keywords A7 4 v T3 v-1-J VEE, A7 4 03Ty 2-1-0) YER2ERISHAE, SMMEE, M

EEt, —BRItEER

A7 4 T r-1-1) VB (sphingosine-1-phosphate,
51P) IR R ) ¥ 85k d Lok4 2 lafE
I3 LC, MBRagRE, MRRR-EE), MlMEE, Mot
LESUBMERE RIZTIREA T A 2—4F —TH 5.
SIPEIM AR ) o GEHRICH 10 " MF — 5 —DRET
SHEL, MPSIPOREFIX, TLVT IV LHBEEY R
FUNRTEIESLTCHFET 5. SIPILRILEL, Mm%
AR FOMOMBIZBNT, A7 4TI UHA
74 3T FF — ¥ (sphingosine kinase, SphK) 1/2
CE D) VEAL RS TER SR, MEESXECLD
MRS ICEE SN YD, SIPIXF /2, MK TSIPY

R 244108 1 BSAft, 245108 15 0%

7 —+ (S1P lyase, SPL) #SIPx 27 7 ¥ — ¥ (S1P
phosphatase, SPP) i2 X ) R EN 299, (2L A D
SIPOHEMFE®IISEEDG Y vy EREFEESHAE
SIPs% AT 510, INSHDRREOHT, SIP;, SIP,
SIPs3EH DI L A EORE - fRICTAEICBHELC
WAHLEELZSBEERTHLY?., TheDSIPEZEHDE
HomT, BICHBBEEIIOWTESA Y 74 14 73
CHERARZ Y, SIPIR=2RGY V32 EGENL
TEDSFEGY Y37 HRacZWEHILTAZ &2k D
SIPIZW T A b EELREL, —F, SIRIEI==&G
YR EGum kN LTESTEGY V87 ERho %

Abbreviations . BALF, bronchoalveolar lavage fluid; eNOS, endothelial NOS; FITC, fluorescein isothiocyanate; IL-6,
nterleukin-6; iNOS, inducible NOS; L-NAME, N «-nitro-L-arginine methyl ester; LPS, lipopolysaccharide; MCP-1,
nonocyte chemotactic protein-1; nNOS, neuronal NOS; NO, nitric oxide; NOS, NO synthase; PAF, platelet-activating
actor; S1P, sphingosine-1-phosphate; SphK, sphingosine kinase; SPL, S1P lyase; SPP, S1P phosphatase; TNF-a ,
umor necrosis factor-a ; VEGF, vascular endothelial growth factor-A
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EHAL L, Rac kKI5 5 2 &z X pib#EEEL B
?II]%IJ—;—%) 1)2)11)12).

ZMEE (acute lung injury) 13, AENIR B RER
£t (acute respiratory distress syndrome, ARDS) & & 1L
n, BEROBVRUMERTH Y, ME, EEOH
BB LB ERIEL EOL ZEBEREBEIIEREL,
i COMMRIIERICII LY, FLE EAMEOITES
WEBOWEL X 2T L3N TWHEYY, 2o, Bl
BEMRAKEBL Iy 7947 Y AERTPAEL, &5
121, BEELSTEREAESBIVCREBEZNESRET 5.
ARDS ¥, EELOEEAECERTBEORIRER
-fc‘\%é 13)14).

VAR, BHITEG BV TSIPOBESANEE ST A,
SIPRSIP, 7 T= A MESZ KEHE (lipopolysaccharide,
LPS) R M EMHBEEICBTAMNEOEAEY in
ViVOIZBWTHRT &5 2 &9 SphK1/ v 2 7%

MY ATIRLPSIZ & BHiAKERT 1 Mo A ¥ READH

MY AIE®, S5ICSPLEEARSG R SPLERT AT
0/ v o7 ML A SIPOSEIHEIZLPS (2 & 5 i
BORIEFIZ B I EMNREINLD. L LR,
SIP2SRMRTHREIC BT A NE O BB KA L
TRENIIHCZEEZRLTNAE,

SIPTMENEMEBD /N THEER b5 2 &1 &
DIMEEBEEIETAZI LS THEYD, 2ol
BEEBEIHER %) 7HEmLER) 121E, SIPIC
&% RacTEHALZ G OF L AL VE- S FA) R 3-
HFo gl bT FAL Y AREAHAL TR A
FBEELEZOLNT WA, Sphkl & SphK2 @& Mgk
BEMRIBICLDIPOSIPHYE LWEME (~ 100nM)
EETHIVATIE, MENED/NY THRENFETL,
TEBBIUORERE D ICNEEEEITTET LI &,
EHISIP 7T IR OGN ZOMEERMEEHO
THEZ T 5 EATRENSD, HENLME T
SIP,OFIILSIP & B L TIE A2 IEED L <1dHk
HBRARLLTFTH Y, SIP x B EH S5 L RhoDiE
HALB L U Rac#fil % L TEBERENET L&D
WESNAD, LrLl, MBEeIFfIHTE5HS1P,
PRD % W01z, 4 Y ERIZBWTHEA 2O E
PSIP 2 EB L T b 2E2r32dRHTh- 7. &
I, BEHEOHEZETIESIPEEFEIIR-TF 7 P25
— ¥ (pB-galactosidase, LacZ) BT &#IEA LY T A %
YESL - AT L, SIP,OEKRIZBIT 5 FB % LacZ itk
FEIZIOVBRE LA LA, SIP B EMME R
K4 2 - MBOLER (WENE - WETFEHON
) WCRBELTWAY, FFEESERE, SIRRET
KIB (SIpr2 /") I ATF 74 5 F T —EFINVOME
M6, MENZMEICERTSSIP Y ARR—BtE
FEHEEFE (endothelial nitric oxide synthase, eNOS)
DMEIEAL THEEAUEMF T A L2 AR LA
(EsLE, RFEK).

ARFFECld, MEBEANEMIBICERL Tw5aSIPIlE
BL, Sipr2~/" <o A% BT LPSHRAMMMIBET
FTUERER L, MORBEFWETR, Mg~ RKEMED
B, W8 GAREEY A A4 X OmRNAKH, B
& ORI EE 7 & & AT 5 2 L2 & ) SEMHEE
CBITBSIP,ORE AR L. 2OHR, Sipr2™/"
Y ATIZBERM Y AR LT, S a8 TE
BLUOREMIBOREE - - LPS FRMBELSHE
LTwas I BIU-BILEFE (NO) sEREENR
ERINCoEREHHIT A PR EINZ. Ihb
DBED 5, SIPIE NO BEA DI % A L THiLE E8
HEREHT A 2 LX) LPS FRMBE I L TEHE
BHIMER T2 Z 2D THOLMIITE L.

MHsLUFE

AR L - FEREDOAFEILTOE) TH
L. WAV F A4 T 4 — b (fluorescein isothiocyanate,
FITC) #Z#% 7 % A + 7~ (40 F&T70kDa), LPSKUNG-
Z b7V F = AF NI AT IV (Nw-nitro-L-arginine
methyl ester, L-NAME) (Sigma Chemical, St. Louis,
USA), TN AT NV—®BE, VIFlbI—7), X7
RANVATIVFE FRUBLLAT I FEDE, KR, Mm%
PR fRa B 58 ] F (vascular endothelial growth factor-A,
VEGF) (PeproTech Inc., Rocky Hill, USA).

0. EBEM

FEERITIZ 8~ 10 HEHE R UM (K& 22 ~ 25g) D SIP;
BIEFRIBGIpr2 /I ABIUEBEOHER <Y 2
EHAWEY Tho OBYIEERKEFBRREER L
y —EERENMW XN T24°C, BE60%LLT, 12KRHH
K= 2B By A 2 VOERBETTEE L. T
DB Z B ERIESIRKER(ETHIB L EBRE
SRBXBIUVHYWERZERAOERR X, T4 K7
AV ER L GRIZTHR A ERETE | P24
4R 27AKFE, ER6E1081F, [RIEFHEYY A%
Awi-A7 4 T 121 VB (SIP) DR - Rk
ATRERIRAT |, BYYSERRET | AP-101574, “FRL224F4
10 BAEL, AP-111846, FRi234 3 B 23 H#&KFZ, AP-
122284, FHi24F4B3EAR, [BETHET TR %
HAw7iEESRIIBITHERFEEREX 71 I
V-1 VBB BRIZER OIREEBFNREORE] ).

T ADEEFROEFIEPCRIZE - T o 722,
BN PRI T IV RORPSEPR LY 4
DNA%#PCROF v 7L — k& LTHW. SIP.EET
KETINVBIUFERT ) VERBT L7720 TO
EEREOTSIA - FERL,

Forwardl; 5’-cgttggctaccegtgatatt-3°

Reversel; 5’-cctccagaaatgtcggtgat-3’

Forward2; 5-atcctgggctggaattgtct-3°

PCRiZ, 94°C30%, 59C45%, 72C60DH 1 7
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VEAORIE D E L 7=,
. 2tftigEES IV
LPS (dmg/kghE) * RENZE G L TCLPSICL %<
TAREMBEETAERER L. £3, -7 VAR
MTIETI 7 AOERBEFE2THLCRETERL,
I —VHEEELLTAEYY VU R AWTLPSIA
18 (10mg/ml A B AEIEK) #/ENICRS- L. LPS#
TR, HEUIREEES L. NOABRBEEMRES
1-NAME (25mg/ml &3 &IEK) 2 LPSI 5 10577122
THRE VIEALZ (M9, MI0RUILOER).
V. B fRIBAEFRF A0RRAR
BREEMLPSHZLG#%12H 5\ id 24850 (M1, ®9) T,
SRSV E Y = G EERASH, HE) (0mg/ke,
ip) EREITY T AR KRS/, LOFEICH
MR THHA%RTEVLT LT F O.1MY) VS
S SRERER (pH 7.4) B WE A LEIEALT
IrEREE L. MEBOh LRI, 4%/39 8L
STNTE FEPCURBU LS SICEE L%, /¢
74 v, BYL, BEICESESHERB R0/,
7. EEBEDRER
1. AT —aERHE
ERGEN LPS ¥ 5-14 5B & 5 VX 23 1518 (X5, [K10)
I, I FOVEREETIZ 100 pl O TN Y R Ty — B FER
CEHRERAKICI%DBRECHEM A RBEIRE VIEAL.
R BRIC EREVICEBRO HEIL L) v AR TR S
g, EOBICYREME T o aBAEKE A LE
HEALTERZITY, IERNOIN AT V—0BF
CEH RV, 20%, Memt L7z, USRS
15k, 60CITCURNER S, BREELIE
J HHMARIC RV AT I FeImliEmL, 4BHZER
SEINATNV—FEERHB L, 620nm & 500nm 2B
LY B A S 0D620 — OD500 R HE DT W T TN R
TV REEFEL L. O EIRREEL YO
wELTERL
2. RO BEE/EEEHOETE
BERENLPSHE S H2U4FHIC LD LTI I A%
RS, TIERCMEBE L. BRiioEs 8
ME) TR, 60CIITUBMEES - RERER
L, SO RER/BERELT RO,
3.Miles7 vt~
T — VB TIZ100 p1 DTN Y A7 —BFEH (B
JERIEKICI%DOBETER 2~ AR L DIEA
L W0SBICBREBELE Y AREOETIZ, PBSYH
. {IEVEGF# (0.5 % U Ing/ml PBS) % Z1 #1100 41
TEALM. 20081 EEOTETY 7 A2 ZREIR &+,
TR VI AEHOERNEAREFELREE OB L
c. BEBES%, BEEARICELVLAT I K2 04mliR
L AHMBETINVATV-—BETHHBL, L
1OFFCL Y ER L. NEEAME, HEARLEYO
PRI ATV —FER L LTERL.

4. FITCEAT XX Pl &2 MEREDAE
HERELPSK G H24BERT, Z— 7 VKBTI
100 1O FITCHE# 7% 2 b 7 ¥ & (7.5mg/ml,
30mg/kghE) 27 ARBEI L VIEALL. 305%I1C
LEREDOFETI I A ZREFR 2%, ERRVNOFiEE
HOW Tz EREEL, MrHH L. BT a8
WA OCT 2 787 & F (Sakura Fine Chemical, &
TN L, BRI L. SR IREE . 7
+ b CEE L7, DAPI (4, 6-diamidino-2-phenyliindole)
TREEBEIT, B TV E BRI THAL, &
B L —#—FEMEE (Carl Zeiss LSM510 Pascal) ¥ Fiv» T
FITCHZ#E T ¥ A b7 v DR EBE L. 11U/ H7D
B|OEBICIHE LR, Image] V7 by 7 2HAWT
BHEFH 72 ) OFITCHAEERE Qixe) b Lo, HEO
WEEL-)O%ELE LTHRRAL.
VI. SE XSRS & 2T
1. SE RS R DIFEE
HRBERLPSH 5% 12BM 5 5 VI3 24 B (K2,
1) TREEREEZTY, REXWHREE R
(bronchoalveolar lavage fluid, BALF) ##tH(L7-. 7,
LEOTETY Yy A2 KREFLE LB I B REIR LM
L/, TR TARELR LI D187 —
VHEEAL, TAVEYY Y IICTEBEAEEK0SMIF
AEWNICEALBRRLZ:. COFEEY4EEDEL, F
AHE (3.2ml) OFH90%LL O BALF # @I L 72, [EIX
BIIEREM TERZRO LD o7, BYLL 7 BALF i3
L (450X g, 4°C, 10min) 2 & V& (MRERS) & B
TEIZTBEL 72,
2. BALF M#RF 2 E D 4347
EEICAEAE K Iml 22 T BB L, MEkEH
B A OLEEMET CHREEFHIILZ:. Bho
HEEEIIEMEBED 0 FEIC 22 L) ICHEL, &
FERCIER L7, BIRIEAR L DIff Quick (EIRRRE®K
XE&H, B L 1EERDL D 100EOHE %
Bz, WPRoOSIExER L7,
3.BALFh# 2 > XU BOHEITE
Lowry #:12 & ) BALFH DY 8 BREIE L 7.
Y LT V7 3 (bovine serum albumin, BSA) (1
Je, R z AW TRERZER L.
I. EE8YPCR
1. # RNA O3 H
RRERLPSI S %6BMT, LRNIE&HOFET
TY AR BRER SR TIER CEARBRIMTIC LY
Bl & &, Bi%dH L7z, TRIzol Reagent (Invitrogen,
Carlsbad, USA) Z VT, it 54 RNAZMH L7,
2. EBBIPCRRIG
High Capacity cDNA Reverse Transcription Kit
(Applied Biosystems, Foster, USA) % AW CHEE RIS
TV, 2ugDHRNADS cDNAZEH L. FDE
Wo158ZHNT, EEPCRRIL%1T> 7. MESA
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Green qPCR MasterMix Plus (Eurogenetec, Seraing,
Belgium) 33 % B \», ABI PRISM 7300 sequence
detection system (Applied Biosystems) T% &1 PCR G
¥f1o7:. PCRIZX, 94 C15%, 60 C[HEEERR T
(tumor necrosis factor, TNF-a ) ®#&58C] 60F:D 4 1
N EAOREE DR L7z, LPSFHESGEE L oy bo— LB
BIUSIpr2 = A BAERITY AONOEETR
BoLEIL, HEBCHE (AACTH) *HV MM ER
IZE D fro7. WEREZ Y Po—LVEBIEFELT3-
TrFrERW

FRLLTS 47— ER1LIIRT.
VI, BEatinig

HEMER T NP BERETR L. FEER
Fid, ZTXEEBESEDH, post hoc testiREIZ I
Bonferroni ik & v, fEfREE5 %Kil 4 M FWIZFE
EHIE L. MMA T, ®3iXMann-WhitneyiE# HW\ T
B L7, IO OHKETLHEIZIE Prism 5 software
(GraphPad Software, San Diego, USA) % f#f L 7-.

3% &

1. LPSSERMIBIED SIpr2™ v ALH T DEBE
SIpr2 /"= v ARUB ARy 20K ENIZLPS
#E5 L, WHBOREMBENEIL LA L. LPSH
H54BHHTRFER YR, Sipr2/ w7 AvTh
DI BT H, KEMBEORHE, MERE, il
HE A AR Lo MEE RN UER SR ITEGOREG

Table 1. Primers pairs used in real-time PCR

Gene Primer pair sequences (forward/reverse)

TNF- a 5’-gaccctcacactcagatcatctte-3’
5’-cgctggcetcagecactec-3’

16 5’-ccggagaggagacttcacag-3’
5’-tccacgatttcccagagaac-3’

MCP-1 5’-cttccteccaccaccat-3’
5’-actgcatctggctgageca-3’

S1P1 5’-aaatgccccaacggagact-3’
5’-ctgatttgctgeggctaaatte-3’

S1P2 5’-gccatcgtggtggagaatctt-3’
5’-aggtacattgctgagtggaacttg-3’

SphK1 5'-cgtggacctcgagagtgagaa-3’
5-aggcttgctaggcgaaagaag-3’

SphK2 5’-acagaaccatgcccgtgag-3’
5’-aggtcaacaccgacaacctg-3’

SPL 5-gttgggcecgecttgatg-3’
5'-gatgatctgtttggtagcttcaaca-3’

SPP1 5’-cccattggtggacctgattg-3’
5’-gatgagcggcegcatatttg-3’

A -actin 5’-aggtcatcactattggcaacga-3’
5’-cacttcatgatggaattgaatgtagtt-3’

xBEDH (KD, FORBEEFAEAR Y AL KT
Sipr2™/ "= ATHEETH Y, TOHEIISIP,EEZFX
EOLPSIC L BB B S E 2 2L AR LTV 5.

JIZ, LPSIC & B HiRBE~DKIEE K % BALF F 42 ¥
VSyEiBRE B L UBALF MRS ¥ 72 BALF Fifd
HEo@fEEcLy, FMLA. BEREYART
Sipr2™ /"= BT, LPSIES5I2X h, BALFICH
VTREES oy BB (K28), #HkE (X2B) KU
PERMOE S (M2C, D) FvFh I FEICHEmML (&
BHRIEAKRSHLOERIIBWT, BFER YT X,
SIpr2 /"= ANFRIZBWT S P<0.0001). % 7-%
Rl A& S1pr2™/ "% AORE T, Sipr2~/ "<
TADEEY Loy BiRE, AR RREOEE
ITFRFNRBFER <Y 20 138 E <0.001), H13%
(P<0.001), #12EP<0.001)EETH 7.

EHil, EEMNPCRETHWT, LPSHEG <7 ADH
BB RIEET A DA A4 DO mRNAZRIEZ BT L7,
BARYY ARESIpr2 /"I AWMEZIZBE VT, LPS
BHIZE ) ffEBEY A M A4 Y IL-6 (K3A), MCP-1
(X 3B) 3 & U TNF-¢ (X 3C) > mRNAZH AL 72,
FBAERIT Y R & SIpr2™/ T ADO KB TIE, LPS
BE5HOMCPIEIEASIpr2 " w7 2BV T LS
EOEBEH S - 72 (P=0.11).

LPSH 542 & ) BEIHINT 2 EEF & LTSIPAK
BEESPphKI P HME SN T3 ®, 22T, LPSHK5I2&
HAT74 v TEERHBEEOmRNARHELIZoWVT
e L7z, FER Y R, SIpr2”/ v I AMEIIB W
T, LPS#% 512 & Y SIPARiEE5 SphK1 @ mRNA F 3 4°
L7 @£~y A D P<0.001, Sipr2™/"<w v A :
P<0.001) (X4A). %7:, SIP# %R % SPP1 . mRNA
BHIL, WIZLPSHESGICLVET LA @EARE Y R
P<0.001, S1pr2™/~= 7 A 1 P<001) (M4C). Fa:f<
TALSIpr2 T v ADWE T, IPSES R
Sipr2~/" =7 A BpER < 7 22 # L T SphKImRNA
REHIH18EEHMETH -7 (P<0.01) (M4A). SPP1D
mRNAZIE LI, T~y A TEEETH 7. SphK2
& SPLOmRNARIEIE, wWFho< o AT LPSI%EIC
OB L %D o7 (W4B, D). &512, SIPZEHAKD
mRNAZEIIZ DWW T HIRET L 7-4%, S1P, SIP.ORIEIL
LPSIEH I & WL L d o7z (M4EF). SIP,O%3IL,
SIpr27/ "y AT S o 7.

I.LPSICS 2MEEZEAETES S UMKED
Stpr2 "= Y AL H T HEE

BARMICIES Lm0y A 70— EOR BV
BEIBEIZ, LPSHZ5IC X AHME SR TTEZ ML
o, BAER<T Y ARSIpr2 /"7 AWHEIZB VT,
LPST 5~ A0z FEEFH*E L (M54), LPS#kES
WX DRI N ATV —RBIBEIEEML -k
HYREAFESHLOEBIIBWT, BER YR
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I'<0.01, SIpr2 /"= A 1 P<0.001) (M5B). Z#45 LPS % FEMita 5 12 17 B il & %@ TE %, FITC
OFTRIE, LPSIC& 2MimEEBMEDTTHEER L, B k7 A b7 o ORMAES R 2 RIS S S ITRET L
Ry AL SIpr2T Ty A BT, ARG AE fo. BERT I ARESIpr2 /"= AWMHFICBWV T,
KIEGTREHT Y RAOINY ATV —REICIEEI R LPS#5-12 & b FITCEE 7% X b T > @i 4 ot ifa i

s Moz, LPSESH#O TNy AT L —iFHiE LA CEEWANRKIE SR OLBIZBWT, ¥
S1pr2 "= ATIEHAR < A0/ 16 EICHINL T RS A D P<0.01, Sipr2 /= A P<0.001)
1272 (P< 0.001). (H6). B~y 2L SIpr2™/ "= 9 ADQ KBTI,

aline

tig. 1. Effects of S1P; deficiency on LPS-induced acute lung injury. Representative images of HE-stained sections of lung (# = 2 mice per
group). (magnification x200 for A-D, x1000 for E-G). LPS induced pulmonary edema, alveolar wall thickness, and leukocytes infiltration in
lung tissues (C,D,G and H). Bar=50 ;:m.
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lig. 2. lLiffects of S1P»deficiency on LPS-induced increase in total protein concentration, total cell number and neutrophil infiltration in
BALF. (A) Total protein concentration in BALF. (B) Total cell number in BALF. (C) Representative images of smear preparations of cells
in BALF. (D) Percent of neutrophils in BALF. BALF was prepared from mice with or without LPS challenge. The open and closed bars
represent WT and S1p#2 '~ mice, respectively. Data represent the X + SEM (n = 4 mice per group in (A) and (B); # = 5 mice per group
in (C) and (D)). The symbol *** denote statistical significance at the level of P < 0.001. n.s, not significant.
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Fig. 3. mRNA expression of inflammatory cytokines in lung with or without LPS challenge. mRNA expression levels of (A) IL-6, (B) MCP-1
and (C) TNF-¢ in lung from mice with or without 6 hour LPS challenge were determined by real-time PCR. f-actin was used as an
endogenous control. Data are expressed as multiples over values of saline-treated WT mice, which are expressed as 1.0. Data represent
the X + SEM (# = 4 or 5 mice per group in (4), (B), (D), (E) and (F); » = 3 mice per group in (C)). The open and closed bars represent
WT and SIpr2 /" mice, respectively. The symbols * and ** denote statistical significance at the levels of P<0.05 and P <0.01,
respectively. n.s, not significant. The P value for the comparison of MCP-1 mRNAs in LPS-treated WT and S1 pr2~'" mice was 0.11.
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Fig. 4. mRNA expression of S1P receptors and sphingolipid-metabolizing enzymes in lung with or without LPS challenge. mRNA expression
levels of (A) SphK1, (B) SphK2, (C) SPP1, (D) SPL, (E) S1P; and (F) S1P; in lung from mice with or without 6 hour LPS challenge were
determined by real-time PCR. 3 -actin was used as an endogenous control. Data are expressed as multiples over values of saline-treated
WT mice, which are expressed as 1.0. Data represent the X + SEM (u = 4 or 5 mice per group). The open and closed bars represent WT
and SIpr2~/" mice, respectively. The symbols ** and *** denote statistical significance at the levels of P< 0.01 and P < 0.001,
respectively. n.s, not significant. In (B), (D) and (E), there was no statistically significant difference in the comparison of any pair of two
groups.
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‘ig. 5. Effects of S1P--deficiency on LPS-induced increase in Evans blue leakage. (A) Representative images of Evans blue leakage in lung.
(B) Quantification of Evans blue leakage in lung. Evans blue (1mg/100 x| saline) was i.v. injected with or without LPS challenge, and 1
hour later mice were perfused with saline via the right ventricle, and lungs were removed. The open and closed bars represent WT and
S1pr2”"" mice, respectively, Data represent the X = SEM (n = 4 mice per group). The symbols ** and *** denote statistical significance
at the levels of P < 0.01 and P < 0.001, respectively. n.s, not significant.
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ig. 6. LPS-induced increases in FITC-dextran leakage in lungs of WT and SIp»2 /" mice. (A) Representative tissue fluorescent images of
FITC-dextran (green) fluorescence, and nuclear staining (DAPI, blue) in lung tissue. (B) Quantitative data of FITC-dextran extravasation.
FITC-dextran (0.75mg/100 « 1 saline) was i.v. injected with or without LPS challenge, and 30 min later mice were perfused with saline via

the right ventricle, and lungs were removed. The open and closed bars represent WT and S1pr2 '~ mice, respectively, Data represent the
x 4+ SEM (n = 3 mice per group). The symbols ** and *** denote statistical significance at the levels of P< (.01 and P < 0.001,
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Fig. 8. Effects of S1P.-deficiency on vascular permeability
induced by VEGF. (A) Representative photographs of Evans
blue extravasation in skin. (B) Quantification of Evans blue
extravasation in skin. Mice that had been given i.v. injection of
Evans blue received intradermal injection of VEGF at the
indicated doses 10 min later. The open and closed bars
represent WT and SIpr2 ' mice, respectively. Data
represent the X = SEM (n = 3 mice per group). The symbol
*** denotes statistical significance at the level of P < 0,001,
n.s, not significant.
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L-NAM E+ LPS

Fig. 9. Effects of L-NAME on LPS-induced acute lung injury in
WT and Sipr2 '~ mice. Representative images of HE-stained
sections of lung (n = 2 mice per group). (magnification x400).
The lungs were removed 12 hours after intratracheal
administration of LPS or saline. Bar=100 . m.
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Fig. 10. Effects of L-NAME on LPS-induced increases in Evans blue leakage in lung of WT and SIpr2~'~ mice. (A) Representative images
of Evans blue leakage in lung. (B) Quantification of Evans blue leakage in lungs. Mice were injected with saline or L-NAME (100mg/kg
iv.) 10 min before intratracheal injection of LPS and Evans blue, and lungs were removed as in Fig. 5. The open and closed bars represent
WT and SIpr2 '~ mice, respectively. Data represent the X + SEM (n = 4 mice per group). The symbol * denotes statistical significance at

the level of P < 0.05. n.s, not significant.
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‘ig. 11. Effects of L-NAME on LPS-induced increases in total protein concentration and total cell number in BALF. (A) Total protein
concentration in BALF. (B) Total cell number in BALF. Mice were injected with saline or L-NAME (100mg/kg i.v.) 10 min before
intratracheal injection of LPS, and 12 hour later BALF was prepared and analyzed as in Fig. 2. The open and closed bars represent WT
and SIpr2~/" mice, respectively. Data represent the X = SEM (% = 3 mice per group). The symbol *** denote statistical significance at

the level of P < 0.001. n.s, not significant.
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Abstract

Acute lung injury, which is associated with various underlying diseases including sepsis, other severe infections and
trauma, is characterized by leukocyte infiltration into lung parenchyma, pulmonary vascular permeability increase and edema,
and resultant pulmonary dysfunction. Effective therapy for acute lung injury has not yet been established although much effort
has been made. The maintenance of vascular barrier integrity may afford protection against acute lung injury. We have
recently observed that SIP., which is a receptor specific for the lysophospholipid mediator sphingosine- I-phosphate, is
expressed in vascular endothelial cells and involved in the regulation of vascular barrier function. In the present study, we
investigated the effect of genetic deletion of S1P, on LPS-provoked acute lung injury and the mechanisms of the S1P; action
in mice. In a murine model in which acute lung injury was provoked by intra-tracheal administration of LPS, genetic deletion
of S1P, aggravated leukocyte infiltration in the lung parenchyma, elevation of protein concentrations and neutrophils in
bronchoalveolar lavage fluid, and increases in proinflammatory cytokine mRNA expression. Genetic deletion of S1P; also
aggravated LPS-induced increases in vascular permeability and pulmonary edema. Nitric oxide, which is produced by nitric
oxide synthase in the endothelium, is shown to mediate an increase in vascular permeability. Administration of the nitric oxide
synthase inhibitor, Nw -L-nitro-arginine methyl ester, protected S1P,-deleted mice from aggravation of leukocyte infiltration
and vascular hyperpermeability. These observations together suggest that S1P, mediates the protection from LPS-induced
acute lung injury possibly through inhibiting nitric oxide synthase, pointing to SIP, as a promising novel target for treating
acute lung injury.



