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Effect of the Inhibition of PLLA2 and PAF on the
Neutrophilic Respiratory Burst and Apoptosis

Young Man Lee, M.D., Sang-gyung Kim*, M.D., Yoon-yub Park, M.D.

Department of Physiology and Clinical Pathology™, School of Medicine
Taegu Catholic University, Taegu, Korea

Background : Since the exact pathogenesis of sepsis-induced ARDS has not been elucidated, the mechanisms
of enhanced neutrophilic respiratory burst were probed in endotoxin primed neutrophils associated with the
roles of phospholipase A2 (PLAZ2), platelet activating factor (PAF) and apoptosis.

Methods : In isolated fresh human neutrophils, effects of the inhibition of PLA2 and PAF on the apoptosis
were examined by the method of Annexin-FITC/dual Pl flow cytometry. The roles of PLA2 and PAF on the
neutrophilic respiratory burst were also examined by measuring oxidant generation in cytochrome—c reduction
assay. Activities of the PLA2 and lysoPAF acetyltransferase (lysoPAF AT) of the neutrophils were deter-
mined to understand the effect of endotoxin on these enzymatic activities which may be related to the
neutrophilic respiratory burst and apoptosis. In addition, the role roles of PLA2 and PAF in neutrophilic
adhesion to bovine endothelial cells were examined #n vitro by neutrophil adhesion assay. To investigate the ef-
fect of oxidants on pulmonary surfactant, cytochemical ultrastructural microscopy was performed. To inhibit
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PLA2 and PAF, non-specific PLAZ2 inhibitor mepacrine (100 nM) and WEB 2086 (100 nM) or ketotifen
fumarate (10 pg/ml) were used respectively in all iz vitro experimental sets. WEB 2086 is PAF receptor an-
tagonist, and ketotifen fumarate is a lyso PAF AT inhibitor.

Results : The mapacrine treatment, provided after the endotoxin (ETX) treatment, resulted in increased
apoptosis of neutrophils (p<0.001) while treatments of WEB 2086 and ketotifen did not. The inhibition of
PLAZ2 and PAF decreased (p<0.001) production of oxidants from PMA- stimulated neutrophils. While endo-
toxin increased the PLAZ2 activity of neutrophils (p<0.01), mepacrine supressed (p<0.001) the activity, pro-
vided after treatment of ETX. The lyso PAF actyltransferase activity (lyso PAF AT) increased (p<0.01)
after treatment of ETX. In contrast, mepacrine, WEB 2086 and ketotifen showed a tendency of decreasing the
activity after treatment of ETX. The treatment of ETX increased (p<0.001) neutrophil adhesion to endothelial
cells, which was reversed by inhibition of PL.A2 and PAF (p<0.001). The binding of oxidants to pulmonary
surfactant was identified histologically.

Conclusions : The enhanced neutrophilic respiratory burst by ETX plays a pivotal role in the pathogenesis of
ARDS in terms of oxidayive oxidative stress. Increased production of oxidants from neutrophils is mediated by

the activations of PLA2 and lyso PAF AT. (Tuberculosis and Respiratory Diseases 2000, 48 : 887-897)

Key words . ARDS, Neutrophilic respiratory burst, Apoptosis, PLA2, PAF.

M B
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i 9Jtk. ARDSAJe] #E=E dyhlismy el &4
o] HFFL FEAT= AHE T 4A AT F
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D5 Aar]Y ¥4 g ase] fald g
8to] 22| o] &l Fgicha g,

olgjgt Hoj| A3} & AT E TFTA Y
d4719] 34, apoptosis ¥ FUHAE 2] F3}
(adhesion) )] U)X PLA2 2 PAF9 &%, 44
717} surfactant systemol] njxj= 3o ] o}
oz HPZ4 23 ARDSA|9] WQlEe] YR
TrEstat k.
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Alge] oA HElg 5T E ol&3ld WsL
(E.coli endotoxin type 0127 ; B8, 20 ug/ml,
Sigma, St. Louise, MO, USA) % phorbol myris-
tate acetate(PMA 2.5ug/ml, Sigma, St. Louise,
MO, USA)E 73t wkgAl7] oluf PLA2¢] o
AA] mepacrine(100 nM, Sigma, St. Louise,
MO, USA)?, PAF 9] remodellingo] #d3l= 54
Q1 lysoPAF acetyltransferase(lyso PAF AT)<)
A Al ketotifen fumarate(10 ng/ml, Sandoz
Pharmaceutical CO, Swizland)'* 2 PAF recep-
tor antagonist?] WEB 2086(100 nM, Boehringer
-Ingelheim, Germany)& 7}8le] ol FZT-o)
apoptosis, At4719] A, PLA2, lysoPAF ATe]
BAEE FAsAY. FAld AF 300g W9l
Sprague-Dawleyd 3| 100 pge] WEAE 7]
S 53§ 5A1R AR F #hy Ao B4
< A& A7 oA L ol g3t s

3579 22|

5279 B2t Haslett5e] W olne} Alstaist
. 2 2709 50 mFAIE olg, Zzte] Akl
738 Alte] Y 30 mlE B3 o7)9 1.0 mle]
heparin(500 IU) 2 15 mle] Hetastarch(Sigma,
St. Louise, MO, USA)& &%st Holl 4087 42
AA AgEozn WE #iE 3L £8d

3 o] AL 74% 2L 55% percoll gradient& ¢)

g3l F9g Bt 2§ 28 35
& Hank’s balanced salt solution(HBSS)o.2 2%
AT F 3379 $=rt 107/ml7} SA & H 4
Holl ARg-3tATt.

SET epoptosisS| &l .

=4, PMA, mepacrine, ketotifen ¥ WEB
208690] %7-¢] apoptosisol] v} H3FE Lolx
7} 913} Annexin-FITC/propidium iodide ©}%
FGFAE L o] 23 FAX F4E ARSI &
10%/mle] 37 WE4(20 pg/ml), PMA(2.5 1
g/ml), mepacrine(100 nM), ketotifen(10 pg/
ml), WEB 2086(100 nM)& #7}% 37C9] g2
FZoA 1587 ¥hgAA. 1§ 27k PBS &
oz 23 AH3 7 100 A9 FHHl Annexin-
FITC 9 PI apoptosis kit(R&D, Minneapolis,
MN, USA)E o]&3t9 Annexin-FITC, PI&-2&
Ztz} 10 d¥ AH7lste] 2] gHaoir 1583 44
3t olF 7+ Algo 400 (4o ¢E89e At
3 5 SAX £47)(Elite ESP, Miami, Florida,
USA)E o|g3le BA3Igict. AAE 4L dual
color parameter protocol& ©]&3}¥r}t. Dual
color parameter histogram %49l annexin-FITC
ok 9}AQl A E apoptosisH| ¥R F3le] 1 #H&
A&

Cytochrome-c reduction assay® 0|83 4A4J|
&Mo| HA}:

Ba® 3F7E o]83ld 54, PMA, mepa-
crine, ketotifen WEB 20869 2]} Atk7] AL
cytochrome-c reduction assayZ2 o}&3le A3}
). Cytochrome-c reduction assay Botha%
o] who] ulel AT Algre] QoA Fel € &
FT7(10°/ml) & |43t PMA(2.5 pg/ml), W5
2(10 gg/ml) 2 A=23F 5 mepacrine(100 nM),
ketotifen(10 pg/ml), WEB 2086(100 nM)& 2z
Algo 715t oju o] Abxrle] BAE vlaatgit).
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A2Y8k .

EXJ0lMS lyso PAF acetyltransferase{lyso-
PAF AT)S| &3 .

WEaxo] o3 33ToAe] PAFY A4S doln
7] $isl 22l £FF(10%/ml)olAe] lysoPAF

AT S4EE AN 1009 537 20

s U549 Efsin, old  mepacrine(100
nM), ketotifen fumarate(10 gg/ml), WEB 2086
(100 nM)& Izt Arteld 2 &g I8l
Ketotifen& lysoPAF ATe] AdaQl A&
PAFS) 84 AN 2802 Agsigt. 2
¥ 3F7E UWSALE ASE® 5 mepacrine,
ketotifen, WEB 20863} Ztz &33t 5 37 Co] &
25zdA 1583 weAA. 2§ 20,000 rpm
JdA 387 AREEY 237E Bl Rl
374 0.1 mig) 0.1 mM ¢ DTT 7} 8449 0.25
M sucrosef£9z EFF H 4CAM 1027
sonicationdl] &FT9]  lysate® Qv o]
lysated] *H-acetyl co A(1 4Ci)E &%%+ 5 37¢C

o @eszdM 1587 w8 A 5 Blighst
Dyert? o2 X238 Belsta o 10vh) 33
Fof o8 187 AA4E PAFS) 28 lysoPAF AT
o §YE2 BASA.

57| PuuME RS R (achesion) #AL:
WEaol ojdl AFwe 337 PNl
£-2(adhesion)o] ©jX&= mepacrine, ketotifen,
WEB20869] &3H8 golr7] 913l &3+ /33
AH(neutrophil adhesion assay)& AlgJslct2 l
e Ao dE M E “Cr (2 pCi/ml) & A
71 5 WE4A(10 pg/ml), mepacrine (100 nM),
ketotifen(10 ug/ml), WEB 2086 (100 nM)3} 3.
ZT(10° cells) & w0l A7rste] 37°C P04 4
ARE Wb A AT 1§ wjekl g s 4 AEE
M) At B5=E SRS & 35T &
Fojloja] &4E HEUAEAA feld Cref F
AFee HAst 3379 FTWIAE F39) A=
& 48t

OIMIZEZ| 2P ZAL:

A% 300g Wisle] Sprague-Dawleyd 83 107}e]
o) 71z W2 el g5 $3€ 100 go] WS
A28 BERFY(insufflation) § 5 5A)7 e
CeCl;& ©}2% cytochemical ultrastructural mi-
croscopy & Alaiste] 3570 ojs BAE 24717t
A2y HATAE lamellar body 2 HEHEHY
surfactante} 2% 3g B3t} CeCliE ol
3 Z2A 9] 2kavle) 81 CeClyr} 230N B4
g ssisist vheale] AAEE cerrous perhy-
droxide7} A=Y 27} (eleciron dense deposit) &
A ke AL gasiqdrt. CeCl; cytochemical ul-
trastructural microscopy® Al&dr] SsldAE
23g 3 ¥ CeCly}t 6-€ wiAel] 142 ¥hg-A|
4 ¥ QUEY AxANA Azbgel w2} block
AAstget. 23 cerrous perhydroxide #g&
FE] slstel =g (counter stain) & Al}3h
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#) eggke.

SAIEA A2l .

EE AFL Y+ EEAE e, 4 22
2] Fojade] A48 ANOVA test¥ Student-New-
man-Keuls test& o] &3l p valuer} 0.050]3}%)
A& frofsivha BAsgict

2 7

o8 3F7oA WS4, WsA A5 F PLAY
PAFE 9A] ¥ 5 UeRd apoptosis AAME3H= ¥
13 2ok, g2y g WELE o83l A58
oM frefd Aol7} QI A4v|e) AHE B
f13le] PMAE o83l #1548 FlM% xjol7} ¢l
At T8 YE4, PMAE Holsle A% 557
o ketotifen, WEB 2086& H7}sl% apoptosis
o] foF Aol gich v WEL 2 PMAZ
A58 357 mepacrined Fg FAME AR
3] apoptosis7} 27} 9 cH(p<0.001).

E 25 3FFNMY Aar] Ao oA+ mepa-
crine, ketotifen 2 WEB 2086¢] &3& Jeljji
Atk giEFo] visle] PMAR}EA] Abarlel &4

Z cytochrome-c2] 4 #A3] F7Hp<0.001)
393 olo] W3kl mepacrine® PMAd] 2% 41
2719 BA4& Uz ez Z2AETHp<O.
001). Ketotifen @ WEB 2086 X3} 447]9] §
e "A8 (p<0.001) ZAA2A1F Y mepacrineg]
A} vBlEA] 21 ZEE wekth

TF M WELol ¢J3 PLA29] #4 % H]x]
= 9% ¥ 33 g gz vis) isA AXE
M= #9¥H(p<0.01) PLA2¢] 85%9 371
Po|il ¢J3l mepacrined o]AL &Aoo g A3}
Hoh(p<0.001). TFTFAAe] PAF9 34, &
lysoPAF ¢} remodellingel] &l £49 lyso-
PAF ATd] nlxE WEae] 9% 2 USEL: 5o
PLAZ 2 PAFE 94 & o vehle v X
49} Zr}. WEALE 3F5TolA9 lysoPAF AT
48 dA3 F/Hp<00DAAS. 2
PLA22] 9AJA4¢l mepacrine, lyso PAF AT}
AAQ! ketotifen @ PAF receptor antagonistl
WEB 20862 ETXEHF lyso PAF AT 4 x
g ZAaAdle AgE B0

377 RN ERe] f3d A A=
¥ 59 Zth YEAE 3379 ddhiuMEze)
38 A3 Z7H(p<0.001) A7) mepacrine(p

Table 1. Percent changes in apoptosis after inhibition of PLA; and PAF in ETX and PMA

stimulated neutrophils

Sham PMA E PE PEM PEW PEK
(n=6) (n=6) (n=6) (n=6) (n=6) (n=86) (n=6)
. 3.15 1.50 3.58 2.15 41.75 3.15 1.18
Apoptosis
(%) + + + + + + +
i 0.754 0.395 1.476 0.512 8.421d 1.944 0.338

Data represent as mean+S.E. The number of experiments are in the parentheses.

p<0.001, PMA vs. PEM

PMA : phorbol myristate acetate (2.5 2 g/10° cells/ml)

E : E-coli endotoxin (10 2 g/ml)
PE : PMA +endotoxin

PEM : PMA +endotoxin+ mepacrine (100 nM)
PEW : PMA + endotoxin+ web2086 (100 nM)

PEK : PMA +endotoxin+ketotifen fumarate (102 g/ml)
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Table 2. Changes in cytochrome-c reduction after PLA, and PAF inhibition in PMA stimulat-
ed human neutrophils

Sham PMA PM PW PK
(n=7) (n=10) (n=15) (n=16) (n=12)
Cytochrome-c reduction 4.60 84.13 3.27 30.28 19.71
{nmole/10° cells, + + + + ' +
cytochrome reduced) 0.998 4554° 1.092° 5.006¢ 2.392¢

Data represent as mean = S.E. The number of experiments are in the parentheses.
*p<0.001, sham vs. PMA

'<C0.001, PMA vs. PM

- p<0.001, PMA vs. PW

©<0.001, PMA vs. PK

PMA : phorbol myristate acetate(2.5 ug/10° cells/ml)

PM : PMA +mepacrine (100 nM)

PW : PMA +web2086 (100 nM)

PK : PMA +ketotifen fumarate (10 zg/ml)

Table 3. Effect of mepacrine on the PLA, activity in ETX stimulated human neutrophils

Sham ETX ETX-+Mepa

(n=7) (n=10) (n=14)
PLA,; activity 0.23 +0.005 0.37 +0.026° 0.21 £0.007"
(mU/10° cells)

Data represent as mean+8.E. The number of experiments are in the parentheses.
*p<0.01, sham vs. ETX

'5<0.001, ETX vs. ETX+mepa

ETX : E-coli endotoxin (10 ug/10° cells/ml)

Mepa : mepacrine (100 nM)

Table 4. Effect of the inhibition of PLA; and PAF on the lysoPAF AT activity in ETX stimu-
lated human neutrophils

Sham ETX EM EW EK
(n=8) (n=7) (n=5) (n=6) (n=6)
LysoPAF AT activity 215.64 432.09 279.38 343.97 356.69
(PAF produced, + + + + +
pmol/10° cells/min) 9.828 54.9822 29.787 50.027 69.216

Data represent as mean+S.E. The number of experiments are in the parentheses.
*p<0.01, sham vs. ETX

ETX : E-coli endotoxin (20 ug/10° cells/ml)

EM : ETX+mepacrine (100 nM)

EW : ETX +web2086 (100 nM)

EK : ETX +ketotifen fumarate (10 ug/ml)
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Table 5. Effect of the inhibition of PLA; and PAF on neutrophil adhesion to bovine

endothelial cells

Sham ETX EM EW EK
(n=6) (n=5) (n=6) (n=6) (n=6)
, , 21.61 48.38 24.56 23.11 17.18
Neutrophil adhesion
%) + + + + +
’ 2.302 3.670° 5.236" 2.427¢ 1.476

Fig. 1. Cytochemical ultrastructural findings of

Data represent as mean +S.E. The number of experiments are in the parentheses.

*p<0.001, sham vs. ETX
*p<0.001, ETX vs. EM
9<0.001, ETX vs. EW
4p<0.001, ETX vs. EK

ETX : E-coli endotoxin (10 ug/10° cells/m})

EM : ETX+ mepacrine (100 nM)
EW : ETX +web2086 (100 nM)

EK : ETX+ketotifen fumarate (10  g/ml)

R

alveolar type II cells and oxidants gen-
erated by treatment of endotoxin. Elec-
tron dense deposits of cerrous
perhydroxide bound to lamellar bodies
(LB) of alveolar type II cells (T2)
were identified (arrows). Hypertrophied
and vaculolated lamellar bodies were
also found, which signified oxidative in-
jury of alveolar type 1II cells.

<0.001), ketotifen(p<0.001), WEB 2086(p<0.
001 S WSsAd 2% 357 a4z
F3& A2 AT FhFHo2E A2 JEZAL

Fig. 2. Cytochemical ultrastructural finding of

pulmonary surfactant in the lung after
treatment of endotoxin. Electron dense
deposits of cerrous perhydroxide (arro-
ws) were bound to the pulmonary sur-
factant layer. The binding of oxidants to
surfactant implies the peroxidation of
the components of pulmonary surfac-
tant. T1 : alveolar type I cell

2] lamellar body9] ®]E % F¥3}(vacuoli-
zation)7} #2E YT 53] A28 HAZA XYY la-
mellar body ¢} A)13 #H¥EA) ¥ surfactant layer
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o] cerrous perhydroxide?] AxAFngo] Hay]
2itH(Fig. 1&2).
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ARDSE 1 #g7]do] vkl ofdx 1 yg
o] &3] HPe A& ohxnt o= ARDS9| ¥
<(etiology) o] F-SlolgA] HAUe] FZukgo] ¢
ofdtis AL dA Uk 2y EAE o] g0
o dgt Asrt 2 aFolx] Eslvhed ot
CorticosteroidE B}&3sldd COX ¥ lipoxygenase
o] JAA QA 2] FHFA = 2 Z7) vjnjsiA
v ERAsY ddAez 1§57t =R olgE
Mzg ABAZF a8} 5 ARDS7E 224 4
&719] #ulgt PAlo] 2jr}= Repines] Ru%s
FarsiAl o] o B A7E9E 7HA gou) sl
Aol 3 az £F A7) gk

£ 479 A2 vy £ o 3377 29 o
B 4ol ©J3te] apoptosis7t AFDIAY = 3
Z792] NADPH oxidased] @432 Z7lA7l=
ZUEL 3579 MBS I 2
2] &Aool i Aoz A o 2AZE A
A, Be¥ 3578 ol43lo apoptosisE ZHARE
23 WL SJ#iME apoptosise] Z7e dad

4 gigley Zu8AIS mepacrines] 2}s)A] apo-

ptosis7} @A3] F7lsigivis Aol pdAAs|R
AZFTA 9354 cytokine, WEL, B 934 A
AEAEo] 5379 apoptosisE A2 =
Y gE7Itol ZojRn A 9] A4y] fEls
F7kste] 239 &g LY. ol He At
b mepacrine®  interleukin-1oJt}  7JE}
ARDS modelo|x] 8A3] 44018 A7 a9
7} 9ith= A%2 mepacrined] 2j§+ PLA29] <j#)
7} &3] NADPH oxidasee] <jAjdjgt @odsi=
Aol ofet 4FA AFEA BAE FaAA
apoptosisE IO EH A7) P49 ZA4E 7}
A gAE REvn J4dd. EAZ= PLAZ ¥

PAF Ao @& 33Fo|Ae 4] 4449 ol
t}. Mepacrinee v|Eo}jd PLA2%AAlolHA 1
757}t oj= FEHL} ¢ ErtH® Mepacrineo] B
FE A7) 949 4L & BaEdAE #E
Qarte®d W AdaMe o g3 100% 7
t}. PAF receptore] 9ALt lysoPAF AT9] |
o] 2]3t PAF remodelling®] Zta T3k 35704
o] A7) g4 BAE 7MY mepacrine?]
Edols wAR] Rz Utk HZ Dana®¥e
PLA22] #g9] ¢]&] MAI¥]= arachidonic acid”}
3% 72] NADPH oxidases] 844 &, 4t47] 4
el 8 Hlojztn F3a glevg PLA29
AA7} Abavle] BAE BEAIIE Aew HQIT
et 22 PLA29AIAlEIE 2 Zxdle X7t
Q1L B3] corticosteroid -2 E2& 2kar]e] ¥4
dl= 9 9gko] gl Ao njFo] PLA29 A4
B A47] A6 sl A7) Ho] dEA et
AZEgE B A9 Zz uRd £ o
mepacrined] ¢J3 FZFT9] apoptosisg] F7h= 4k
271 A& FaA7le 719 dieta 339
WEA &g B3P 2] B 78
o}z gAstA)7) ot ¥ de] A wFo] B
W Aol FFToxe] PLA29 ¥43H= PAF9]
B2 BAZY Qe Rtk & WSaE 3TN
9] PLA2¢9] EA=E FvM7ln ol wE
lysoPAF2] Z7}= remodellinge] 3F& AHA
PAF9 448 Z7HZ1t™. Strahan®™& PLA2E
Axe] F7k= lysoPAF9 A4E IR
lysoPAF AT $%x9] Wslglo] lysoPAF2] re-

modellinge] Yolvtrii Basla glov B AFd)

M PLA28Ax 9] FV)le uj& lysoPAF ATe]
A% Z7P #EEHJD E=§ mepacrined] 2%
PLA22¢] A= lysoPAF AT9] #Fx9 ZA4E
7HA Skt

WEAes B 3579 g ERe] {3
= gojsle 337 2FAUR As3het] B3k
dl, 2779 #3& PLA2Y PAF9 Ao <3}
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o gAHe g A=) 55270 U ER
o] Rl ToJshz A4 PLA2S Ao o3 4
4 AZEA, AAv)Fed @t Ta sln ¥
Aol X mepacrine, ketotifen 2 WEB 20869]]
ofgted AlH o AT, o)R AL 53
T7F Abavle] Aol 2%t 2o &4, 53] o
735 EBNgA ] &40 Aoz Boe B
o F3 Qi

Fegtd o USasArs 5579 ) g4¢
Z7HA7)1 oldf AAE AAV)= surfactante} A
&te] surfactant®] ZAJEQ ¢1x]42) peroxidation
€ Yo7 7FsAol A}, 53] surfactante] FHR
Q IAEE PLA29| 714z #Agsle] MEE4e
Al lysophosphatidylcholine @ PAF& #XJ3lo]
3F79 B Aeqr

Z#H oz ARDSA W40 o3t 5579 2=
< PLA2\} PAF9 4A4S di/lz 3o PLA29)
HAREE] o8] 3379 Abar] Aol ZokeAU
apoptosis7} HAIEe] 2kar] WAl Zrlgo N
Zze] &4 53] UMzl &4 FPHoe
T Ao A old BAE AiU)E A2y
HEAES] lamellar bodyy} HEFHE] surfactant
o} Aste surfactant9] 71%-& ASAA HrEe
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