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Mechanism of neutrophils in acute lung injury: a research progress
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Abstract ; It is currently believed that the essence of acute lung injury ( ALI) is an excessive and uncon-
trolled inflammatory response involved with kinds of inflammatory mediators and effector cells in which
polymorphonuclear leukocyte (PMN) play a key role. The mechanisms on PMN in ALI were reviewed
from the signal transduction pathway of integrin and Ca’* , and the delay of PMN apoptosis. [,-Integrins
play an important role in the recruitment of PMN to the lungs and the activation of PMN; Ca’* has a com-
plicated signal transduction pathway in the course of ALI formation in which sphingosine-1-phosphate, pi-
tuitary adenylate cyclase-activating polypeptide (PACAP) and calmodulin play a significant effect. Anti-

IL-8: IL-8 immune complexes, endothelium-epithelium bilayer transmigration of PMN, myeloperoxidase
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and activated NF-kB may involve in the delay of PMN apoptosis.

Key words: acute lung injury; neutrophils; integrin; Ca’"

SN CALL) J2& 48 25 It DX 5 RS g il 76 |

4 HﬂfMJIu“@V\]ﬁ*DHﬁiIEUF%H’J% PR . I
S 2 B0 g e 5 5 3 [ A AR

TE ALL At fE b, oo 40 g ( PMN) 72 fiti

N FIIE IR Z 50 WP 45 Fh R PRI, Qn g 205 (LPS) i

JARBLH F (TNF) ([ % (IL) -1 BERT, 8%

5= B 8#3:2009-05-19
E&WE : 1K 3 RF-5E S (No. 30800904 )
YRR BRI, B, FE 5T A, BIF ST 1) < A 25 Uk il
151475 , Tel :010-66931646 , E-mail ; xiachangjiang@ 126. com
« JBWAEE T H i, B A0, OFFE 5w A # IR A
Tel:010-66931631 , E-mail ; dingrigao@ nic. bmi. ac. cn

singnal pathway; apoptosis

SRAET I A B, 24k 1 b BT A B2 B , el
il L4 A SRR T 1L B — AR AR A5 A I
CUnEE KAl 5 A i 2EEE) | 5 DR TR I8 PR A
BH B AL, HATIA N il A 2 88 s O 4 vk
AR AAE K2 2 3 20 ALL RUARAJE A . Hod, PMN 7
A BE SR AR IS AL K T B AR . ASC B
HGER Ca” " /FSTHEE T (CaM) ({5558 % & PMN
ToHER A5 T7 1 X PMN 72 ALL A g/ RIAL 247 25

SHESER
—REEMMMERZE, FEN T



E PRyt aeil 2009 4E 12 A 57536 4 45 6 )

- 419 -

24 - i 2 - -0 L 400 -0 B 2 ) 4 285
Z 5 MG S W S 506k, R A s A1
I R A )

AR 1A o I R4 7B & 120 ~
180 ku) 5 1 4> B IEHE(AAR 4> Tt 90 ~ 110 ku)
PIAR LA B P B S SRR ES IEAs 4 . H AT
RN NS ALl REBE A XN ESR TERER, ~
B AR, HowiRE Ity PMN FH K12
BB EARER. BEARIGS. T %41 /8
PR R 200 160 S bk EXL 2400 i 1 S 4 S PMIN 55 D 12 44 i
MR SE S . (B PMN B R A E &
ALL FIE AR S OC A B B DI & B2 AR (1
CD11a/CD18 ,CD11b/CD18 ,CD11¢/CD18 ££), &
CEBEGGT B A RAE ALL HfEH.

L1 B85/ F PMN Tl N Y 554

£ ALLTE G B, 38 A R A5 PMN ZEfiifl
LS PGB A i A 2 B3 o

TERIINGS & 1 ALL BRI E-e PR 2R 5 H RS,
B EF oy B, A B I, I B — 25 B
PMN, i%ALA PMN AT LU 3RA6 R 2 55 54 1M/
PR EACTE BT CANTE PR AR A B3 ) o X SRS AR
J3 AT A A M4 , T J, AL, A 508 E-pef%
F oy B G R R, AT LR 22U 0

TEFERAT CD1Lb 2 JiK-r ks 40 B 0 8 7 11
BN L, CDLLb R 3%, oy, LPS 35 &k )
PMN 5 P Bz 48 Jf 9 2% BiF B IR an 2R W) s 4 4t
CD11a, |58 4= BHIKr T PMN 55 P Bz 40 L (R 3B . 76
IR L R/IN L, R T 75 A i ) PMN 1
5 T TR AT, 4 L 5 36 3 TP P 8 o 5 e 7k i £
R fE 15 ) 22 . 8 A O A N R 40 i
(HPAEC) # 1 |, % 3 v 4 6 40 it 40 i R 1~ 19
HPAEC 7] DAFFAIE PMN (14 5 42 FNBH R

1€ LPS i & 1Y ALL A ARY | a0 5% i 5 v B o ik
5C6 $54t CD11b, iliZH 41 Fp 2R (195 H K PMN )54
HieEgm

DL ESESR TR U, 7E ALLJE A R fE v, PMN
R ERMNEENT T PUN IEH . fERAS
K ALL S PMN (95 3 7] I R B B 4 257
AR k. #A ) CDI8 HiTikH gl B, 2 & &,
ARMEAS I 2 | Rz 20 M Y B A £ X EW
PMN () B, H& Z R KR AMIE G, b AN B &
KM G R IB AN, —HEA, KRN TT
PMN [iil il 20 4 3= i 7

L2 B,RAEENS PUN ik

16 B, B 45 £ S PMN 1E {5 S ik b, E-
wHERA R H L E S, HA E-BER 5
LG TG A BRIE T o B BB R MNAL BTG , i —2F
WG PMN J5 772k — RO o E-F Lk
PRI EL-246 FHIWHX PIRERE R G, X M IILAE 175
K ALL A B BTGV . RBUR 4 N R A
B U PMIN 5 1 TGl 5% R0 s ok ot 42043 FE 75
Bl

EH T BN B (NF-xB) 1 # (1 1B
254 LGS PERPIRESAEE TR b . 1xB 8 IkB
YRR LS 0%, NF-B B IhAES LUR B, 04
AR BT 70) MG132 4] 1B 14 [ A% ml ] SNSO
BELIBT NF-kB 3435 , AT LLBH KT B/ NF-kB 25 0
BER, B, # 4 E A G 19 PMN 40 g A 7 (IL-18 Fil
TNF-o) B 3Z EI M. X EY B, A& ENFW
PMN 31 5 IxB/NF-«B 3l B 1% A % o

2 Ca"" T EMESER

Ca’* JEAR % BB MEE M5, e VF 2 AfE 5
e S RSO E R VE T, TEZ B ALL A
o, H R PERE Ca®* 7B Ik, I, £ LPS R Ifi iE 5
I S5Fe L PR AL 3 5 R Y ALL s v,
BT Ca®" 1T
2.1 |-BEEREHE SR Ca’* {5 Bl i

1 -1 iR ¥ 24 I ( sphingosine-1-phosphate, S1P)
Se A MRS G R TR 78, 5 G 3 B2 1A
SIPR, 5454 5 o] LAV 15 Z M A W 1E L. [, S1P
W —FENEE T, RS S 2 G 5 il
PN, BT PMN 2 “JE a4 ( nonexcitable
cell) ,SIP 15 PMN Jfpy Ca® " ¥ Ji 3225550 2:J 45 it ot
RN B 5 U T A 2 i T AR ) 5 383
SIP F B iy 32 EARKEE R B4 ( sphingosine ki-
nase, SPHK) |52 il 12 it AV G e 2L e il o T
J& S1P 5 WY I HE , J5 — % ] AREAR SIP,

TEQN G5/ A AR 78 (T/HS) 35 & 1) SD K B
ALT AR A G SR A I VPR T T (2R P R S vy
Ae Z ) W6 SPHK 410 5] -2 ( SK1-2) 0. 91 mg -
kg ™" A it b AR A 1) 455 T RS 10 V- -
JEREHLP- (MRS 1845)1.2 mg - kg ™', A LIFIHIT/HS
PER ) PMN R4 CD1Lb b i i = i e a5
(I o X PMIN S0 fir 06 25 1Y p38-MAPK # 2 1k
AT I BRI RAE A



- 420 -

Journal of International Pharmaceutical Research 2009 Dec; 36(6)

{EJ2,SPHK I SIP B4 SCHRIE WA W 2 i1 F
RIS BB VE o 7E 5% 4T IR R AN175 & 2tk
IRBCHE AR R 5 3r BRI 45T SIP(100 pg - kg™') k2K
U FTY720(1 mg - kg™") ATFRAIR PMN 7Eii 4 1 5
SEFE A, BRI = B 3l s M , G2 ALL ()™
R, 7E LPS FIEE I G5 & 19 ALL A0 o
SPHK-1 fY38 1% BH 9l 43R . 5 85 26 /N UM L,
SPHK-1 JE DK Bk A /0 U 2 38 i LIPS F1E il 675
Sl ZA R fy 7 R ) B ARG S1P FE Al 43 s A
Racl JEAf 16 M, 3400 P K2 4 i 38 o7 14 19 2 il 6.
SPHK-1 #Ek (1) 4 M AR, B¢ I i TG 72: 380% Racl
{EAT LASE RhoA, Racl 5 RhoA Xt Py Bz 41 Jifd (1) /5
FHAR S, G ARG B 1, Jo 5 e LB . i
B SLPL SZ 44 N Bz 1M, [a)AE T LA 3 ik 26 1. 156 o
T N B 2 M T O PR R B, R4S T A TR A
S1P, m] DIk /N B SPHK-1 3 [K] &% %4 5% SPHK-1 #E
IB 5| S (I 0L P9 B2 B B D e R e

SIP L I HLHF JE I SE B 45 R T fig 5 SIP {55
AN B B R R s A e, TE T 2R
BEGEARRIFSE SIP X} Ca®" {5538 I 1 FH A 52 56 o
KRB, SNEPER Y Ca® IR 2 AR A
(15 5 0 . He e — k3 % A B Tl B b
Cchlp F1 Midlp 7 % Y Bt 4, [ K #i SPHK ()
Leb4p 1 LebSp 3738 ARG o 9 2 B mi A R4 4
P i RE A BB IX A5 % . i1 T SPHK HBERE IR
b D-5 2 B, M6 L-#5 S BTG R, 260 U 16k
STARFGE) SIP A RE S I3 %, T 51 Ca® " 1Y)
BB — G Y. XA EKEEA TR E
WA IVER . 5 — 25l Ca®" YT Sl T Y
AR PRI 3 A% A e i A I ) L
FEAET [ Ca® ORI AN BRI v 10 S (R 22
AN SPHK . Rl , 33k £%3 B AR T BE 2 AER RS 1
FAN REBTG Ca® " fF Sl B A N R AR Z A o2 BiE I
T (a-mating factor) S HHIKRTE ARBIRTE 259 (&
PR L #4512 Ca® " B BLIR, ¥ A SPHK,
X—JHF I SIP J2& Ca* {5 5@ Iy L5 1, 55
—J7 LW Ca® " {5 S A 12 Je bk
2.2 WA RIS A Ca®t
ERCRlN

ol 20 T A T 1R B AH TS 2R 11 ( PACAP) J&:
MZE SRR SR E Z K. e 2Tl i Fndl:
MZ I AN | PACPA 3@ i3 5 2 1K 45 & )5 77 4k
cAMP = @EBELEE (IP3) [ Ca®" 2658 —fFfl, k£

PG, PMN 4HHUARF A1 PACAP Z 1A H H 1%
BERBURM G HOMIKZAR, Kb, 6/ ERS
57 PACAP 4] PMN fidpy Ca®* e BE T+

PACAP 451 PMN ffipN Ca** WREF i h 2 &
WAR . —4kJE: TIP3 HUR A I Y A5 3t Ca® " ORI
PR3 IP3 B (IP3K) 1) 37 M 23X 4% 38 2R {5 5 15 A
IEH AR BRI, PMN A 2 ) IP3K WAL : 1, IP3K
A1, IP3K, Hij# 52 PN 5 % 22 PR P a8 sre ZRADLAY
PR J5# % G BT, PMN Hr IP3K sk
AP Ca® " ¥k B T B2 ni o W . A A
ST (ERK) AT AR X SRR NI E 5.
ERK & A2 B30 AT A S 47 4k & 1 )R fil) 3 PMN
WO HX TL-1 0 fMLP 31 38 %9 PMN 38005 JC 28
A JEE LA B A S R A M4k Ca’t
Tito T2 2 K It 1) 5 M 2 X A% 0 A L i 1 OC
p38 AIRE B X ARE A M PG 5. X 2 KRN
PACPA {451 Ca®" 4 5 1) PMN 8T 41 J 4 2501
ERK 42975 PMN {E 1k, p38 & 425 PMN {14 4
A 5
2.3 S ATE Ca’t S m

CaM J& Ca®* FUHFRUM A F. CaM 5 Ca’" 254
JEUE, ek s M 4, WG 5 1 CaM 5
Ca®"/CaM K K ( CaMK) 25 & 7= A= W1 L
PMN 3k £ Ff CaMK, Hirfr Ca®* /CaM & 31 1 & [
A 1 KF B A ( CaMK T -like kinase, CKLiK ) FlI
Ca®*/CaM A1 25 1 38t B4 1 ( CaMIKK) 5 2%,
CaMK I Fil CaMK T {£#ik,CaMK IV A W&k,

PAF M A B, CaM 2 5T Ca®*/CaM-3E 4
WM B(PKB)Serd73 F1 Thr308 Bz {b-PMN [1iF#
FECE 915 5 5 S i, R A Horp i 1 G R .
J34h, CaM IR AT BEHR 532 5 T ERK2 {5554 Fl 1,
ARG LI EE L UE CaM 2 5T p38 MAPK )15
SH

3 PMN BT ER%E ALI e {E AL

PMN 7EfEH R G0 AT LA 6 ~8 h, LLAA
TREATERR . IER AT 305 A9 PMN 755 5 iR
THERIE AR DU 2 PR R, (S 52 R Ak - 4n
LPS INF, IL-8 ,IL-6 ,IL-1 ,GM-CSF #iji ] PMN
T2o JTZMER AR T PMN 76 ALL R A 1 # o i)
P ZUREE  IF A I ) Fe 00 B AR LYK . (H PMN
T AEAFRE R A ALL g A Al . 1E
e AR 45 BB E 5 & /9 ALL He PMN (99 T2 38 58



E PRyt aeil 2009 4E 12 A 57536 4 45 6 )

- 421 -

AU 28 AL PREE, SO Y T 1Y 58 1 i BRI
AR RE I T R AT 3 o (BAE R AR G P A
FUEA M ALL (4 LPS 35 & (%) ALL) ,PMN T
TE R B 6% 18 T its 25 2R 28 P SR, AT 8 i i 45 473
[ ERLEE , FEARAF IR %7 ot T PMN 76 ALL o
(Y E /R, PMIN R T B3R i) VR AL H 55 5 | 2 AF
FEEWRIE
3.1 B IL-8: IL-8 e 2 AW 4EIR PMN i -

ALL BT I N I 2 R 2 kA 5, TL-8
R H P Z—, SRMAE ALL B E IR N L T
Pt IL-8 /9 A B pih, B 10-8: IL-8 e B 5. e
SEAWIREFER PMN g

Bel-2 S HMIEAES 5 T PMN BT, X4
FIGAT LAy 9 2 R2E: Hi -8 B (Bel-2 Bel-X, |
Mcl-1 . A1/Bfl-1 28) FIFET-Hi44 5 3 ( Bax .Bak . Bad ,
Bik \Bid 5§) , & Hyii o 24 Jje K A< il ( caspase ) -3
95 PMN 9T, $1 IL-8: IL-8 435 52 &4 1 Bel-
X, , N Bax F01 Bak, il ] caspase-3 F{ caspase-9 [
T, DO A AT PMN TR

FeyR Il o {5 55 SR AE 0 1L-8: TL-8 Gy 52
BYAER PMN b B rp R T HEAEH . FeyR
I o J2& 1gG (524K, 7 PMN FA £k, $iIL-8: 1L-8
G PE R A FoyR I o J5 , Sre i 20 BRI 5% i
T BRI , BSOS Syk BE 2RI . BEER LR
Syk #E ERK1/2 5 s PI3K #E— 00 Akt %
PIAR IR AR L Bel-2 3 I 2 W )i 0 1) 23K
(80 WM B A T PMN At AR £
FIIRIR AR KA, e & AER PMN Tt
3.2 PMN A - bRz FRBRAER PMN T

PMN 7 AL & A J5 70 il 96 P4 1) 5% 4 e 2 1
MR- R B, X S v, PMN T2 4E iR,
PMN Ji 7= 4E3R 5 IL-8 fMLP LB, 54k 2= 15 3 ¥ G
Ko PMN 58N - b j BB Je , PMIN 8 12 A OC 1)
FEPR RGN A F) T 0 T IR [R5 R T A G Y
caspase-3 -8 .-9 I} 1 I FH FE&AIK, Fas BofARFI TNF 5%
1 3k T, XS4 F)F PMN JT-3ER
3.3 HEREALYEELEIR PMN BT

ik A AL Wy I (MPO ) & —Fi Il 20 R 86 1, 78
PMN FRERIK TEARNKIFIRZ Y 6. —Jr
T, MPO S 3o fiE AT A U SR 7T LR FE e I S A
YyIfim i 5 S 20 M R T RN IR AL K 4 2 A 3 1 A
Mo 53—, MPO 3R RE 2 JE ik 9 8 A0 4 i i
FE AR AL, 2 5 A R S8 R 4H L R]

5955,

AR R B, 7 SCBER MRS & 1 ALL o,
MPO il i3 238 PMN (1 8 7= 3% fin PMN 7 Jili ¥ P9 119
RAE MR 3ot ALL ()™ SRR

MPO ZEIR PMN J8 1 (4 #1155 oA A4 R B
AL IICC , FEEL RS R CD11b/CDI8 4,
5% & 3, $L CDL1b HT AR AS{H AT LLBH Wy MPO 5
PMN 454 K B e PMN 5504 FLE S840 9 1 7= A
FFH AT LA MPO B9 4ER PMN JHT-fE . {HA&Z,
WA BEET MPO F LA E I AN RESZ I MPO
PoATAEA

PMN i 1295 & 52 7% 9 A5 5 5% 3 %, A 4%
ERK Akt ,p38 \MAPK &%, MPO #EiR PMN #f 1-A]
RETW Z M7 )2 ERK | Akt i 7%, MPO i 5 ERK1/2
A Ak P B R L, 5 B0 ToRT AR A Bad 1)
Ser112 il Serl16 WmR Ak, BEHR k1Y) Bad T B A {4
IR N F caspase-3 W1 . J34h, B2 1LY Bad if
RERT 1E LS HTIH T8 1 Bel-2 Al Mcl-1 BAERR , ff
AT L TR TR .

3.4 NF-xB 55 S@%5 5 PMN TR

TENBER I P 1 55 R 175 K 1 ALL o
NF-kB 315 PMN Az Ho A 58 V20 M, 4 0l i 5 B2 1Y
PMN JAT-ZEIRAE ALL I h R EH SRR .

WHEERIHE K ALL 5 ili) PMN J TR, SEA
5 A2 B, PMIN HRopp o T2 3 PR SRk 3 . I
H Bel-2 KRBT T B AL FIEEE 1 A20 1Y
mRNA B &30 T 100 £24%, Bel-2  Bel-xL il Mcl-1
(1) mRNA it A5 AN [) B B 00 38 . 1 9 T2 i
M Bad 1 Bid ) mRNA %55 2045 A [6) 72 22 19 5
/b, PMN H R (Y 2 a5t 52 B0 AR DL A R 3 BR
Bel-2 KB WG INAA B3 22 540 Prii T E AL,
FEHEE 1 A20  BelxL il Mcl-1 Ay 2K (k1 3%
B, SR NF-«B #0553 BMS 205820 14| NF-kB
(3 M, Il P PMN (% 50 0% A B 8 A8 b, PR T 1)
PMN FLfi3E o, R Mcl-1, N#E 2R L BLH T EH
Al BEERE T A20 FI Bel-xL 175 (1 23814 iy 2 .
XUEZE RN NF-kB #7525 T PMN JT-4ER,
HAEH A L T EEEAE

ALL B, PMN 9 4 1487 30 35 fii 20 23 )5 7 il 9 2R
45 ,PMN J T 48R, JiliZ1 21 PMN 34 % . PMN 773 i)
[ AE K 5 ALL /) & A T RB A % D16 R . R i Hh 1
PMN 4b FHOE IR, Rre B PE N A (N 1
ARAFRRE PR B i R A8 M R gk



. 422 -

Journal of International Pharmaceutical Research 2009 Dec; 36(6)

RNERLETT o 5 LA PMN A7 75 I ] < A 2 2k
SE HCAE Ml P SRR S M A RO, RN — AN B2
%[22] N

4 ZiE

ALL G Ll 9 T 5¢ © B W) Sl oE Ji, 7. 1
PMN 76 Z 75 P BT 80 ALL H BT 1) e S . o
AF SR 1 B 5 B U £ 3 Ca® "/ CaML 1 {5538
Jv PMN TSR 5577 T %) PMN 7 ALL H A9 4E F L
HiAE TARZIRARI R, % T B W] ALL /9 495 BIL )
JARSE B A 1 I B wE T SR 4t TR 2 45 i i 5 S8
o (EUE, i T ALL ZObLfI 2 2%, B TR IS AR
L1 B WY ALL R bIL , A e Rt TS 45 RAR 7 &, n
PMN FERgett: ALT FERRRGLNE ALL H B A [l 7 5
A RS 5 ML N B0 M 18] 3 12 4 # o A
PMN Zi B A 5 STP Bk n] LA R3AER it A8 P Bz o Bt 14
AN Z 5 PMN 0% o X 8805508 B 9 11
Lk, LAk, ALL I PMN R 367 i 30
FAr G O A, AN TR B BEAY TR AR BIL i A 1o
Fit—2HIBEIE

2 £ X #

[1] Luh SP, Chiang CH. Acute lung injury/acute respiratory distress
syndrome ( ALL/ARDS) : the mechanism, present strategies and
future perspectives of therapies [ J]. J Zhejiang Univ Sci B,
2007, 8(1) :60 -69.

Sims TN, Dustin ML. The immunological synapse: integrins take

the stage[ J]. Immunol Res, 2002, 186(1) :100 —117.

[2]
[3] Wagner JG, Roth RA. Neutrophil migration mechanisms, with an
emphasis on the pulmonary vasculature [ J]. Pharmacol Rev,
2000, 52(3) :349 -374.

[4] Hidalgo A, Chang J, Jang JE, et al. Heterotypic interactions en-
abled by polarized neutrophil microdomains mediate thromboin-
flammatory injury[ J]. Nat Med, 2009, 15(4) :384 -391.

[5] Gao XP, Liu Q, Broman M, et al. Inactivation of CD11b in a
mouse transgenic model protects against sepsis-induced lung PMN
infiltration and vascular injury[ J]. Physiol Genomics, 2005, 21
(2):230 -242.

[6] Xu N, Rahman A, Minshall RD, et al. B,-Integrin blockade
drive by E-selectin promoter prevent neutrophil sequestration and
lung injury in mice[ J]. Circ Res, 2000, 87(3) :254 -260.
[7] Miotla JM, Williams TJ, Hellewell PG, et al. A role for the be-
ta2 integrin CD11b in mediating experimental lung injury in mice
[J1. Am J Respir Cell Mol Biol, 1996, 14(4) :363 —373.

[8] Miller LA, Barnett NL, Sheppard D, et al. Expression of the B¢

integrin subunit Is associated with sites of neutrophil influx in

lung epithelium[J]. J Histochem Cytochem, 2001, 49(1) .41 —

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

47.

Ridings PC, Bloomfield GL, Holloway S, et al. Sepsis-induced
acute lung injury is attenuated by selectin blockade following the
onset of sepsis[ J]. Arch Surg, 1995, 130(11) :1199 - 1208.
Kim CH, Lee KH, Lee CT, et al. Aggregation of (3, integrins
activates human neutrophils through the IkB/ NF-kB pathway
[J]. J Leukoc Biol, 2004, 75(2) :286 —292.

Lee C, Xu DZ, Feketeova E, et al. Calcium entry inhibition
during resuscitation from shock attenuates inflammatory lung inju-
ry[J]. Shock, 2008, 30(1) :29 -35.

Liu HB, Cui NQ, Wang Q, et al. Sphingosine-1-phosphate and
its analogue FTY720 diminish acute pulmonary injury in rats with
acute necrotizing pancreatitis [ J ]. Pancreas, 2008, 36 (3):
el0 —el5.

Tauseef M, Kini V, Knezevic N, et al. Activation of sphingosine
kinase-1 reverses the increase in lung vascular permeability
through sphingosine-1-phosphate receptor signaling in endothelial
cells[J]. Circ Res, 2008, 103(10): 1164 —1172.

Birchwood CJ, Saba JD, Dickson RC, et al. Calcium influx and
signaling in yeast stimulated by intracellular sphingosine 1-phos-
phate accumulation[ J]. J Biol Chem, 2001, 276(15) ;11712 -
11718.

Harfi I, Corazza F, D'Hondt S, et al. Differential calcium regu-
lation of proinflammatory activities in human neutrophils exposed
to the neuropeptide pituitary adenylate cyclase-activating protein
[J]. J Immunol, 2005, 175(6) :4091 —4102.

Verploegen S, van Leeuwen CM, van Deutekom HWM, et al.
Role of Ca’*/calmodulin regulated signaling pathways in che-
moattractant induced neutrophil effector functions. Comparison
with the role of phosphotidylinositol-3 kinase [ J]. Eur J Bio-
chem, 2002, 269(18) :4625 —4634.

Perl M, Lomas-Neira J, Chung CS, et al. Epithelial cell apopto-
sis and neutrophil recruitment in acute lung injury-a unifying hy-
pothesis? What we have learned from small interfering RNAs|[ J].
Mol Med, 2008, 14(7/8) :465 —475.

Fudala R, Krupa A, Matthay MA, et al. Anti-IL-8 autoanti-
body: IL-8 immune complexes suppress spontaneous apoptosis of
neutrophils[ J]. Am J Physiol Lung Cell Mol Physiol , 2007 , 293
(2):1364 - 1374.

Hu M, Lin X, Du Q, et al. Regulation of polymorphonuclear
leukocyte apoptosis: role of lung endothelium-epithelium bilayer
transmigration[ J]. Am J Physiol Lung Cell Mol Physiol, 2005,
288(2) :1266 - 1274.

El Kebir D, J zsef L, Pan W, et al. Myeloperoxidase delays neu-
trophil apoptosis through CD11b/CDI18 integrins and prolongs
inflammation[ J]. Circ Res, 2008, 103(4) ;352 —359.

Kupfner JG, Arcaroli JJ, Yum HK, et al. Role of NF-kB in
endotoxemia-induced alterations of lung neutrophil apoptosis[J].
J Immunol , 2001, 167(12) 7044 -7051.

Lu Q, Harrington EO, Rounds S. Apoptosis and lung injury[ J].
Keio J Med, 2005, 54(4) ;184 —189.



