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Molecular Mechanisms of Neutrophil Activation in Acute Lung Injury

Ho-Kee Yum, M.D.

Department of Internal Medicine, School of Medicine, Inje University, Seoul, Korea

Abbreviations : Akt/PKB protein kinase B, ALl acute lung injury, ARDS acute respiratory distress
syndrome, CREB C-AMP response element binding protein, ERK extracelluar signal-related kinase, fMLP
fMet-Leu-Phe, G-CSF granulocyte colony-stimulating factor, IL interleukin, JLK integrin-linked kinase,
JNK Jun N-terminal kinase, LPS lipopolysaccharide, MAP mitogen-activated protein, MEK MAP/ERK
kinase, MIP-2 macrophage inflammatory protein-2, MMP matrix metalloproteinase, MPO
myeloperoxidase, NADPH nicotinamide adenine dinucleotide phosphate, NE neutrophil elastase, NF-kB
nuclear factor-kappa B, NOS nitric oxide synthase, p38 MAPK p38 mitogen activated protein kinase, PAF
platelet activating factor, PAKs pZ2l-activated kinases, PMN polymorphonuclear leukocytes, PI3-K
phosphatidylinositol 3-kinase, PyK proline-rich tyrosine kinase, ROS reactive oxygen species, TNF-a
tumor necrosis factor-a. (Tuberculosis and Respiratory Diseases 2002, 53:595-611)
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Ee AN A st HdH A, 1A =g Juie] diMxe g3 A E, JFAE
Q EAe] FrEE Agolth & WAy 4 9 T AEsol dF HAUA (proinflam-
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Fig. 1. Neutrophil accumulation in the Ilung
after hemorthage (HEM) and lipopoly -
saccharide (LPS) induced acute lung
injury mouse model. (unpublished data,
Yum, et al, ATS & ALA 2001, The
97th international conference, abstract).

Fig. 2. Accumualtion of neutrophils in the mi-
crovasculature of the lung is the hall-
mark of LPS induced acute lung injury
model in mouse. (H&E stain * 100)

matory)e] AMIEF}Sl  (cytokines)S H SR TH
ol MEVIem JFA HEAS AHsrd FA
7t R, ukatd A A dEH
=z 8 dstz Ho uHdd TRy Az
H ZFET NE¥Fe FFHo| T wito
(Fig. 1,2,
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Fig. 3. Myeloperoxidase (MPO) activity in lungs
of mice one to 48 hours after LPS was
injected. (*p<0.01 versus control, Parsey
et al. JI 160:1007-1013, 1998)

o 9438 LAY == ddF5 A4S F
Aol Yehll= o]F4Ql 715S st &Askd A
¥ 24 357 9gyt A iz S4HEdE WET
o] w84l A3 (reactive oxygen species), T
WBRa 4 %o]& vhlA (cationic proteins), 4
12}, eicosanoids®t A|EFIQlE 4 AFA
WAHEO] eo]ale] o)ztHow E&AHS Wi (Fig
3. A= ¥ el 2F7F FHEAE A4 B F
F} ZEHg d4F whgo] Aot F4 dHEAde]l &
Ay,

o] wae] BAHS FAUEANAN AT A4
24 2 yelade el BAE oF, 3, 3

o

deEl, AFviEe 24, gojzE, AEAPIAF
(apoptosis) 9] 714& Lol Zlojth 53] A
¥o| 3y B3 2d B3, AEY FEA, AEy
AEAG AA G diste] =9] = Fojr}

24 HEMM E5T YET9 524

F4 AEge dae) AT 571 By o
Wel A E S48 7k BE 9Fue o
sholeh, A AE folut FSY % ARF =
= USs Fom
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Fig. 4. Activation of nuclear factor kB (NF-x
B). Adopted from Fishman AP, Elias
JA, Fishman JA, Grippi MA, Kaiser LR,
Senior RM, editors. Fishman's Pulmo-
nary Diseases and disorders 3rd ed. vol
2, New York, McGraw-Hill, Inc.; 1998.
p. 2544.

Fete F4 #H £ oA neutrophil elastase €+
matrix metalloproteinases 5°] Z7} ol #Huj
W77 B4 & & AP AL 2
g3 YE52¥8Fo2 fxd FA HAEY 529
HellA WEF 71 F7H8kal myeloperoxidase
T7He o stach =3 94 JE4E Yo
2 AAMSHE wet/dry FEH|E #@A43] FUMEE
st (Fig 1, 2, 3).

o} '—H%_’}:@%‘-i‘? 33T 9E+ = IL-1B,
IL-8 & TNF-a 59 45 # Al|ERIES &&
. 33T gaFe ‘?r 49 34 HEde] B8
oA WEAie A=t HAe] #Astel] o
H3 F34] wslel interferon- y, IL-10, IL-4,
IL-13%2] # {=24e] A7) ofstso] vepda“,
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Fig. 5. mRNA levels for IL-1B in lung and
peripheral blood neutrophil after endo-
toxemia. (J Immunol 163:954-962, 1999)

Abraham 5-& cyclophospamidet} &¥&+ &
A2 fed 237 9T F2T9 T8 2dd
A €3 YELZ 38 34 HEde Hdxrt
A g Ls 712 EBoA K1} @A) 2y

= Rusiyth £ 9¥89 gad =0 o
A HEANA NF-xB o|&4 IL-18F MIP-2,
TNF-a 59 4FAGA Alo|EFIRY F7h7th ¢

stelo] T Y77 G4 deide 27) ubs
of o3 & & AYS AxEAH. F T
WY A} AF vEAY FaF HAL
%4 Al NF-kBe| ZA§ %9l IL-1B, TNF-
a ¢ MIP-2¢] promotorolA] F&@ ¥}l NF-kBe
24d& o]zt Ale]EFF] vyt of2} thE W
Z4 wiAA9 E‘a‘)ﬂ 2% o9Ee @ (Fig.
4). NF-kB 84L& 4z 9 Bk #Hule 9y
Tol A dojuhr] wiFel 2z A7} opviet ¥
o] 3FFelA 43 AeA AlelEFRIEe] H®
#Hol Zvis|xm #A4stEe ofn @k (Fig. 5).

S57 WETY ME 54

o] Hxol w
A Al EFIRIE 23} %”iﬂr%

H4850 Y2y g5 dkg
= A
e 958 dAd® oAl #v (Fig. ).
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Table 1. Major components of neutrophil granules

Azurophilic granules cathepsin G, D

elastase, proteinase 3

azurocidin (CAP-37)

bacterial permeability increasing protein (BPI)
defensins, myeloperoxidase

Specific granules

metalloproteinases (collagenase, gelatinase)

lactoferrin, cathelicidin

Tertiary granules gelatinase

NADPH-derived oxidants hydrogen peroxide (HO2)
superoxide anion (Oz)
hydroxyl radicals (-OH’)

Others acid phosphatase, phospholipase A
B-glucosaminidase, B-glucuronidase
arylsulfatase, 54-nucleotidase

Mo FFT HYLE AU A, H &
A AT AT F71E B9 (Fig. 2). 271
o AW F7 WY Fvke HER AF <
A ol 7149 A (A AE AFE AA

zx7

= 7% & YA olF HEALE FFTF
MYyt AAs 2AEHA ¥u AxsiA 243
so] wgscl® gygsle T WETE dheA
2452 NADPH oJ&¥ Ashgs #ibsl gole

(superoxide anions), Z% &4 (elastase, col-
lagenase, matrix metalloproteinase, gelatinase A
9t BS), AT o9, #4571 (hydroxyl radi-
cals), H:0», myeloperoxidase, NO synthase &
2Hjste] Mg AAUG (Table VP2

A AA AFE et HFFE AEAEA
o AL AX AT oJste] <kHEA A A
Ay gy F4 st 843" 93T
HAEAEAZ}L AQE, Hedtd 4" %
A% wAERYE Abo]EFIR], H A (comple-
ment), 4T &4 <AAHPAF, platelet activating
factor)®} arachidonic acid FEEZ, A7

(oxygen free radicals), W54, AL nEZF

sjate] Ao g Dot

w3 Wdte AT e FTHTE
selectin family, B~2 integrin subfamily, E, P,
L-selectin, B2 integrin subfamily (CD11b/CDI18
receptor) 59 E4S Hdsty HvgoEs HE
U A3 92e SAd oA g aAHe

2 olL hul(cationic peptides), eicosanocids, %

oL

A1zl Alo]E74Ql, chemokinesEol FEFWHEE
28 Hol FA HEAL oE T, ojzg W
28 o3 BAL AT (Fig. 6).

YTl Qs 24 H 249 J1™

4 ey 3 24 A0S 34 934 0
g0 a0k 4 vk BFT WP/ Yk,
7 el YA, guva AT AT

AT AR £, 44 L AT $EE EPoR
gtk AP A 9y Aol distel 27l = o
SEREEET I EREERE M-S EE LR
golo 8 NITE BY3} 57] AL AF
Sol sl kel FOIF 0¥l AE BhalA

T
©:
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— Molecular mechanisms of neutrophil activation in acute lung injury —
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(LPS. cytokines: TNF, IL-1, IL—8)
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({activated neutrophil)

Activation of adhesion dependent
signaling pathway

B

Decrease of antiapoptotic
signaling pathway

/

Prolonged and enhanced oxidative burst / granule secretion

Tissue injury (Epithelial and endothelial injury)

Fig. 6. Diagram of mechanisms in leukocyte-mediated acute lung injury.

oA ZEg 55T WP sEFdA IL-8
o #us} o] Frpdr} 2=
olggk whg-& el wH= ZAFHHU ==
HEZF, iF 8, gF 28 Fug g4
2o} olJe} lipopolysaccharide Y} oh2 Aol A
24, TNF-a, IL-1, IL-68} 2 cytokines
2! platelet activating factor (PAF)Y  eicosanoids
53 e A oA dstdx wgEgF
Baughman 52 S7Md IL-8¢] §4 #&2de] A
£5E 5 JAXd 2 FEE fFAFH HE
As ofsl AlA FA4 FLE HF AA9E BRus)
ADZ olg FAME FHeZ TNF-a, IL-18,
IL-6 5ol #HHe] 57 WETE 43} A7
I HYR olFE etk F4 HERA o
ek Hge Asi "F
eRt7] e dojdry,
HU=z =57+ 9819

H1

<

izl

o|

ojFe] AFHT Hu

EAEHA Wy Fe] {E b Y2 FEo]
Z7 =) A FFFE lysosomal FEAY
CD11-CD18%=] =W z#o] &gt =Hof glgo]
e ) R

25T YEg79 olF

AWz 5379 o|FL AzeHed FE9 #3
(adhesion) $1#F2] A wWH3le] 7|1t #A
a7 Ao WEF KL FRAGE Ag
(postcapillary venule) oA dojyA HAut o
Ao dsAgdd s dojun® HEAgde 1)
Aol WEATe HFEG Zy] @A WA}
EAEHES 5 st Beke] wge] dojife}
st (Fig. 7). #8737 A5 v Eol <&t
A3 oy AmsAn WFo| olHYA FL
ZAEES Ay £ U g9 HgwE uy
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Fig. 7. Mechanism of neutrophil migration (Ann Rev Physiol 57:827-872, 1995).

T AYE Be £E2 olgsA fh oW o
4 ol AB oled WHE zash=A 2
Feix 7] ShgkAT TNF-q, IL-1B, IL-850] ¥
dohm iAo O

257 YT R4

FEe] AEY BAES AEY MEe] 7)EI A
% 8-S et §F FEe TFT BHeY 84
o} "yt Uiz AlEe] IA]d olgic) o2 d #3 <l
A= integrin ¥ immunoglobulin superfamily %-°]
o [IL-8 ®i= PAF 59 &34 == Mzt 4
&8 st Aol osie] dojur)® s wE
17t 843 gl wet AE FHe 484 xE}
integrin #¢| 2R oS Zs Aok A Z
7ol dg 3N AAES ligande BHFZEY
71 1Al intercellular adhesion molecule-1
(ICAM-1)°]™ #2449 (fibrinogen)® s}yl wha
A5 E ligand2 288 § o

E3 ¥ EAdAC2RE HURY ZFT 9y
T-2] °o]F& CDI1/CDI8 °] #ejgician Uz 9l

o a8x e A$%E 9ok CDI1I/CDISel thdh
FAE o] g3 AN EFT FFol o3 a3
£ Asto] oA HE Ao CDII/CDIR] &5
o] o]%3 FAsld Fo§ AL IS & F 9

o
FE0 o5t HBT B

W ol og HEGFE ols) sh=t]l 3l Fa%
AL AEl77 dfgol] EAst w2l &%
& do71x 7] (g wiel iz fF2E
A wog ¥ &4 WS FES MHEsA R
o} AT HhfaAEy duAE e due)
ME2] 714 M (extracellular matrix proteins)el]
FEEUE o AEsY 2] FElFHT o)y
gt AE fFato] d5d 27 & 2HE At
AUt eleldt AolN ¥ W) WY o] 2
e E gA7F AaLe] BAdslel] 7|ogichs
AE & F vk =T FZFH i o F4
HEdel FERAA AW 578 NF-kB ¢}
CREBE @43} =27 2xgoo] EFoie &
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— Molecular mechanisms of neutrophil activation in acute lung injury —

A8 B4 e, =3 2893 WEL ¥3F 9
o] 334 ERKI/ERK2, MEKI/MEK29} p38
& g HAN Bz sFTME B
3t HA etk ole WL AUE olFdte &
AaEe & 5 AP

TR 57 9T Ik A3 wE
(oxidative burst) & 43t Al7|x, &34 wi7iA
o 298 ZZANAYPE® Downey & 5ZET
WE7E 7| FE oJste] Alzbe] e} At
g=o] 50, 10008} F7bEe musdt” %
T7F A= B¢ integrins SBEE AF7F &
33 =& olgd a3 CDLIL/CDISY #aol
ate] 2arE] 7 p2-integrine] §1= A4S vehd
A gt Ed L-selectin® 22 ¥E Exz
FEO AEE HET Mg WEE £33
N AD GAste 27] Zgol] B

HE FEAZYEH 24 Asdge A4S F
e WHoR HE 58A ddEE IHE o)E
atod AZ Adaddo] dojus AE #F & &
e}, B2-integrins 3 L-selectin®.Z¥E 237}
AX ohdet Asdgs 843 A7 48 &
A OAEN AE Zgole] Enlet A M
polyphosphoinositides& #&18l1, AFEAW tyro-
sine kinases, tyrosine phosphorylationS @43}s}
W, MAP kinase7® ERK ¢+ JNK & @43}
NI w8 B2-integrins T L-selectin® A
¥o EFE HAIIAL, FEYHE TN, Akt
A4 WES ZF7MA, TNF-a9 22 4ZHd4 9
Atol B}l fAA FHES F7HIIE 59 83
A uke-g gAs Foe

oL

ST MEW NS H2O| fadst

A HELNN T HETY uAAHY W
& olsidly] Hste] WEF e Boste A
4d F2E Yot BE o] FFHort. dutst

=

fol ofo ml

oy

B Ak E oA Q%o ligandE AIEEH B
e w8&A% v o AEY MsAGE &
W3 integrins ©]Y selectins §& &4 2ZHgo]
g7l W] Fds] HE A AxF S B
Eoll 2&3h= o) #4lo] FAXCh

L-selectin®] A X domain2 187]¢] o}u|Ale.
2 e ged, od Asdg Edgx Ay A7
o] 2 R A AAE cytoskeletal proteing! @
-actinin % @Ze] @A o] dFd H2E B3t
o AsAY & Aoz 2R(AGO! x ga2 A7
A B-integrin® A¥W domaine e« -actinin @
talinol ©Jste] A% d29e RusPP

S B-integrin®  integrin—associated protein
(CD47)*, focal adhesion kinase™®, cytohesin-17,
integrin-linked kinase (ILK)® S3} AXu Az 4
9$ 3 Aoz 4#A Aok 183 integrin®
Fc #8499 transmembrane-4  superfamily
proteins 8 Z2 AEY AF Ao st v
2 AxY dBs Az A,

Z7]91%E A EZe A phospholipasesel] ¢)&ted A
39t phospholipid& #3] 3] AXW Z¢ AEE
EW%k  jnositol phosphates® A&, =§
diacylglycerols & protein kinase C (tyrosine
kinase) & #43 AZIUY. 48 59 $84 @

oA serpentine®® Y& transmembrane span-
ning domain family & formyl peptide &4, X
A A9 chemokine FEA%S  tyrosine
kinasesg 43} A7IAY, d2= AP0 +4
Ao} o] &4 A7 tyrosine kinaseso|7] %
ey

HZ AelA ILK 9 serine/threonine kinase
o AzAd #AZ Fuigth dA7A LK 7
A £33 dAHHAE ¥%AT protein kinase
B (PKB/AKT) ¢} glycogen synthase kinase 3
(GSK—S)EOE g ol ol AzAdE 4

& LK &8te] 4kt =l €43 & 4 gl
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TNF-a. LPS. PDGF

Fig. 8. Schematic diagram of intracellular signal transduction of neutrophil activaton in acute

lung injury.

b AAAEAA ILKe HLHE Mo S
A7 AES 718 AR FAED ILKE
integrin AFE 2FollA Wi EE e £
22 o A5 Ade #o ) ILKe &F
T HYFe] FF TP AE AGHAHNN Fa
g A%E & zloth

T84 olal GHAE uff- Este], 4l A
FAE OFER BE Fo| ofsd =go] ¥t}
(Fig. 8). Serpentine family receptors$] N-for-
myl-methionyl-leucyl-phenylalanine [fMLP], C5a,
PAF&#  leukotriene 83 heterotrimeric
GTP (guanosine triphosphate) 2% wralzal &
Zol =Ho| B¥d s A AT
Tyrosine kinases®] Src familyol= hok, fer <
Src Tol ¥ Ha 33T WAT 849 7MF
Z7)d A M E FEA 2ste] At ZEE g
t}* Src-kinases £7F ©A 2121 Grb2¢t GTP
A3 ©@wlel p21RASE 4 slsle] MAP kinase
A2E @493 ARG 2 SeE 33T AYT

AE EA48EH= AEN HEEA-S MEKK,
p38 MAPK, C-Jun NH:-terminal kinase, PI-3
kinase/Akt ZZ%°] Hil Hal t}.

oy AEY A5 HLEZH FAste] ov]
THHORE JFHGA Al BRI HARIA}
NF-kBY CREBZ #4383 A7l dl slch 4
ZEFH I3 gt HoA AW mF 0
NF-kBE &43}sted TNF-q, IL-1B, IL 8¢2 ¢
T HgA Al EFRRIES AAsHA fo S
Foll 4] NF-xBe A= dAH &g Hals d
wals Ao dijx o™

e

>

RAS-Raf-MAP-ERK- kinase &2
F7F dAle] Ex19] She ¢} Grb-2%2

_,,
=
A
|o)
B

B o] BB gl ofste] NEE Adshs
dgg @t o okl wAe e AL

GTPases ¢l RAS £x}+= RAF-MEK-MAP-ERK
2 AlF AddE MAP kinase 413 g AAE
o] &t} (Fig. 8).
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AT AT 9FH RAS A+ Rho sub-
family®] GTPase?! Racel =838l  p2l-acti-

vated kinases (PAKs)$} MAP kinase family %
Jun N-terminal kinase (JNK), p38 MAP kinases
54 ¥35}E protein kinases$& ZAdE= Ao
2 43A0”. MAP kinase 479 Eahe 94
3 deiA A @A Ek-1, c-Fos, c-Juns
22 AR QlabstAg-g doA {FHA HAL
o ZF&ate AoE dEA gk

O%d A7eA ERK 7t 355 HEFe 7%
o Fag 4L ¥ Aolgtn FAHT Yt
nicotinamide  adenine  dinucleotide  phosphate
(NADPH) oxidase &¢3¢ 843}, s&54, Al
EAEAL Butolu]@l | phospholipase A2 o] &4
st fEE eGP ol wd A7z
P38 MAP kinase$} ©]¢] A4l SB2035305 A}
&% AT (n vitrolAE o213 MAP kinase
AR £F 7 W¥S9 NADPH oxidase, 335
4, & 9 AEAIA] Fog g dviu
FA G

W g3 S Ads] Yt AEAG
AAol EA E4E R = A2 34 o
25 A7 AdET k. 2% PD E
(PD98059)> ERK #&/dol) #ojsl= MEKO st
o Zgstn Mgl oA g3t ok EFT
WA PD S3HERZ HAAA F vl ERK
A= B s 2E #AE g &
PDORGOE AAA & 57+ H¥79 Ag4
Z, AL, 8354 (chemotaxis), A EAIHA}
ol AR, MLPe ojdte] FEH  AM3HA
ol AAHUCE E3 A FEo vt ® ZH
= AR oE e Zav 3 J9g®

Ir

p38 MAP kinase #%
p38 MAPKS| AZW 2sdY #A& th2ojz] A
¥ 9% ¥&E Fdsted F8% Ad%s

LPS2 &t 34 HAesde S2Rddr pR
MAPK ¢ €435 JAA12 M39L Foigt 5 ulg
75} thAMENM TNF-a 9 MIP-2 £u|7} oz
HAF, MIP-2¢] thgh #8Fe) o]E% oAHT)
ol p38 MAPK®S A7} Wgte 21e AAg
& AT ey 283 WEA E5F wud
$%74 ERKI/ERK2 $} MEKI/MEK2: &4
3b s p3se @ASEHA GAT® olHY p3
MAPK7} W&l #uzel o553 dFo] Fad
482 drin LHHAT, A3 BE wkgo] g
3% 477 o "ag 44ojrt

PI3-K/ Akt B}&
Integrin =% 43+ lipid kinase?) PI3-K$}F
HHET P3-Ke tdg Azddn ##Ho)
A= tyrosine kinase?] F=&H T G @
o] Ui PI3-Ke 8AsE 3379 3s
F4, €949, 3 ¥ NADPH 43las a43}
E #Ho] dut PI3-K+ protein kinase C& &
43t AlAH GEd] RhoE 843 AlAH 3257 &
A& FE3lT L-plastin ©]Y} cytohesin-1& &
4%t AlA P2-integrin®] A X FEo| oGS
. PI3-K knock-out AFHE o] &3 AN
st =g 9% 3579 o)Fd Huw wt
&) 2HEE Ao Ay

HZ MLPo 98t &=+8 PI3-K knock-out
AFHE o] &3k HAgolA ERK &9 &4o] o
AEE #F3t PI3-K7F ERK A 20| #4%
< & 4 91tk =3 serine/threonine kinase$)
Akt/protein kinase B9} vlE gldkA|¢l PI3-K:
NF-kBe] &4 Z=d¥7 olys}l Alo]EFQIE
23 AFHGA] v T Fo3 o
g gadt’!. NFkBE 4233 ¢& 2430
Aol FFH d8E 7] WEo H EFTeA
PI3-K/Akt?} NF-kBe] 843 =& dsiu
ALl EFIRIT 2& Ao =FHH Jehie ¥
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Axpe] A= LH A2 =¥ 4 HA&
el BERdAM PI-3K/Akt #3o] &43= 2
PI-3K¢] <ka)&ha ofA)Alel LY294003¢] - Wor -
tamannin®l ¢l&te] NF-kB ¢ NF-kB 9&3 ¢
ZAGA AolEFIe] BEn Aol AAEE
gastgth ©§ PI-3K knock-out AFHE o§
3 A AEdME FLE ZAFHE RY
PI-3K/Akt 487t FAHENS] SERDA &
F7 wd3ol gAge F83e AASAT
Knall 52 IL-8 2l3le] &A43te PI-3K 7 &
Z3 Wy olFo] Fogttu Rt AE
W AETE AES] NEe} d@sEo] dEAge] o
ol AAlSIAL” mak PI-3K/Akt ARE &
3 NF-kB, IKK, BAD E3 Bl familyE E3}<]
3T B8 AEZAEAE AgAIT &
ot

Fas-Fasl-BAD-BAX-Bcl ZH&

283 Y54 55 AU EF 7oA Fas &
= Fas ligand (FasL) X3¢ W3l ¢i%ltl. Fas
ligand Y} Fas 29 F89 34 H&d 2dA
W E 29| extravasation® A FEABALE Aot}
o]¥ Fasl/Fasol| 93 A ExHALE 9ELE =
Waped A5l grke AL 9Pt o
#U Brown 5& A¥ E49o] Fas ligand® #¥
AU &84 FasLE Fdsc dAAEL 5%
T W AEAEAE 2 Z‘_f?_“%ﬁ Bk,

ok

% FasL9 HHle 35+ :114 AR 84
ol Fasol ®hg-3hc}® Kuffpner 52 YELd 9
e fE FA HEdY FE O Ed4

Bad-Bax family®] AZAEAle] #ojd Alszdd

EAo] &43} 54 o]~ NF-xB ¢j& ol NF-

kB 9AAE 349 S AFEAEAZE A
= AE J&é}ﬁ}ﬁq"‘““.

Nitric Oxide 2+

H A7 3FTF HEdT A
odatz AlE AAY THEo| ‘S@Vit} LPSE
HYHe o aFF Hd4: g2 F9 NOE
AAFERE, NO  AAbel  3tefshes &49 NOS
(nitric oxide synthase) 4Z2& 8IS wf
NO knock-out AFHE o]-&3 AgolA LPSe ¢
B N EAY #AE AAst A FHECO A
Eao] AA do] Y ez NO A&7 357
Wy to] APEY FFE Fof HENA T2
b oge @ Ao na HYd

o

SETFO| MEAIEHAHapoptosis)
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