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Abstract

Neutrophil apoptosis is a constitutive process that can be enhanced or delayed by various stimuli. In this study,
effect of brefeldin A (BFA), which affects biological process of secretion, on constitutive and delayed apoptosis of
neutrophils was investigated. Neutrophil apoptosis was determined after culturing for 20 hr in wvitro by
morphological changes, annexin V staining and DNA electrophoresis. BFA increased the constitutive apoptotic rate of
neutrophils in dose-dependent manner. The delay of apoptosis induced by granulocyte macrophage-colony stimulating
factor and lipopolysaccharide was also blocked by 10 xM of BFA. However, this effect of BFA was less marked
when neutrophils were treated with dexamethasone, interleukin-8, or dibutyryl-cAMP. Moreover, the delay of
neutrophil apoptosis-induced.by rottlerin,-a specific inhibitor of protein. kinase C- 8- was significantly abrogated by
BFA. Although BFA-induced apoptosis was not blocked by the caspase-3 inhibitor, zDEVD-fmk, expression levels of
myeloid cell leukemia-1 (Mcl-1) were down-regulated by BFA. These results suggest that derangement of vesicular
protein transport may be involved in the apoptosis of neutrophils, and that the action of BFA on apoptosis is
dependent on changes in the expression of Mcl-1.
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ZEAPEY Eo7HA] &
°of FAHER =38 3FFY A
4 vl BAEA A3 27 &4 0% ZrHE0 4]

3T AA WM 6-10413F, Wi g el A 2447
o] 50%7F AAA A EAtEo] "t 2y} Ao BEos
{13t lipopolysaccharide (LPS)e] %7}, granulocyte macro-
phage-colony stimulating factor (GM-CSF)9} #& A%
AAE 2 B4 Q24 AV RHlDE g AolEs
Aol st} AE7ITHo ZIRITH1I726). AA7A
£379 AEAEe] Yol A4l A ugo] A
4R A B G A5 AL we
AENN dolihs Putael FarolAw Axe 3
A e 77t ve ske, 254 Holg
Bol7l WEoE 42 5 AT

Brefeldin A (BFA)=
8¢ macrocyclic lactone© 24 ADP-ribosylation factor
(ARF)9] GDP-GTPZ g JAlate] EAA 22 2 o|F
ofyf £E9 o]FS HAlsts Edo|tH4811]. BFAE
HL-60 A oA AZAES S7H 00 geid sloH
oA dAZAN MEAPES FTHATIE AL pS3de #
A7 fle Aoz ST 2527]. H29 AFoA Jurkat
T-A| X5 BFAZ A#38l9& o caspase-32] &4 Z7}7}
AZAEE fESDD dgom ATARE dAse v
W0l Bel-29] o] =77} 9lom BFAG) & 4 EA}

< HAEGL 6] aHu TFFIXE Bel-29
BHE ZHEA] ofy a9} 2E TR &3= myeloid
cell leukemia-1 (Mcl-1)& Z& o] Qi Ho| ¥aA o
2H 557 MEA zAe MHEIFEIE geoe
RE AA s 21oH9,19].
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I 257e 22 ¢ v
3Z739 27 dextran H A3} ficoll-hypaque HOZ
225l RPMI M Ao A 5% & 3L Hrlsbe] 2047
Boh Mjgdte TF e AEANE S FESAT20]
(100 mh)£& 0.1 M EDTA, pH 7.4 /0.9% NaClo] 5o 9
e 588 o] A3t 30 mlo] Hespand ¥l 14
7t B9 A2 gyolA wxste AETE AATGAT
r3ele dF 4RSS Basho 4°C AEidA
2 5 d4EgsAT AAdd AEXE 20
mle] 914hed ¢Zel(80 mM Na,POs, 1.5 mM KH;PO,,
136 mM NaCl, 26 mM KCl, 0.5 mM MgCl,, 0.6 mM
CaCly, pH 74)0] 58417 thg 60 mle] £FFS Y1
2 4o 5 5027 WA 3 20 mle] 4%(w/v) NaClg
Yook A EE 850xgol A 1027 44 sk iR
gzdol oA BHAF T Qb 22894 ficoll-hypaque

2

£de NEE Yo YT 850xg A 30837 YR
o] Be)® AYFEe thA] RPMI wjokedo] B43514 Al
g4

EET MEAIHS Hef HE

AX1CHES FEL HJst3 2047 37°Col A CO;
wj k7)ol Firh. Cytospinoll Al 500rpmo. g 137+ A
283 o fgg o2 14471 May- Grunwald Giemsa
qadon dMsgch sF79] AETAPELS 400x10 v
ol 7 Aokl A Had 3007)] ME FoA Bo]Zal ¥

s7h et MEE Belste] %2 BASACHML

DNA XM2|d&

AbEE XM §EAH02 Yehve 2749 DNAE
A7)0 o514, 5x105_c4 557E 48 A
28 thg 13,000 x goll A 283 fAlste gt 4t
o gzdow AHsm H]i%SH $Z4(10 mM Tris-
HCl, pH 75, 1 mM EDTA, 02% Triton X-100)9]] pro-
teinase K (500 pg/ml)S 73t 55°CollA 124)7F A E]
k¢l ok, 28,000rpmel| A 2417 A g2l § i e &
2] 3le] DNAE phenol/chloroformo 2 FZ&}l
panolZ HAAZt}. RNase A (20 pg/mlhE #H7}8hd
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Flow-cytometry &3

5x10°9 5375 4E SFdog AFsla 70% o
g FRagch 20°CAX a2E AL T
A4 gFdo 2 13 AH3 t& 05 mM EDTAVL &
oigke e BFo] A2E 2H3ATH RNase(0 g/
ml)9} propidium iodide (PI}(50 xg/ml )& 78ty A
2o A 1583 Wit dTh 8T w7t 4°Col B#gt
g 10'709) AEEZ o] &8tQth Phosphatidylserine (PS)
9] A E 9o 2ol &5 AEE annexin V-fluorescein
isothiocyanate (FITC)o] Z2¥-& o83t tHTACS apoptosis
detection kit, Trevigen, Netherland)[20]. A ¥£& 1x10°0
2 Eosto $4FN o2 23] AH§ b annexin
V-FITC$} PIZ A7}3lxm 158 ok Hb-e A A 1x10%¢
HEE flow-cytometry (Beckton Dickinson, USA)2.2 &
AstAth Annexin V-FITC9} PI1e] A3t zpol24) t}L-3d
2 ATES FESMTE AZAEE A X: annexin V-
FITC 44, AEAIE 27] AEy 218 A E: annexin
V-FITC ¢ PI ¢4, A&3te AX: EF 4 g4
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Western blot

FE AERX10)E Qg SFA02 AT 0L
ol R ga A (05 ¢ M leupeptin, 1 M aprotinin
2 10 mM phenylmethylsulfonylfluoride)$} 50 mM NaF
2 25 mM NasVOu7} 718 A X883 S5 (1 % Triton
X-100, 50 mM NaCl ¥ 20 mM Tris-HC], pH 74)& o] &
3kl 4°C st 1A <t BA stk g A2E
8t §94-8 Eppendorf microcentrifugeE o] £3}4
16,000x g2 10837 94 2239 8 £ ¥ 33953
B AE T2 FBANL BEAE FolX AL E
ZA3T o A7GFA ol &3At

SDS-PAGE & western bloti]-& A}&3te] Mcl-19] of
&} 34 (Santa Cruz, USA)E o] &3l Mcl-19] &8 Ax
£ =439 A TF = 25% mercapto-
ethanoli#} 1.2% sodium dodecyl sulfateZ 33 100°Co
A 582 7tdste Helg the 15% polyacrylamide 2
o loadingdte] 719 &S ABAY. A7IFF & A9
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AL nitrocellulose membrane® 2 Ho]A|A ). Nitro-
cellulose membrane< 10 mM Tris-HCl, 0.15 M NaCl,
0.1% sodium azideZ FAFH ¥Fdd 5% skim milkS
TEste gdo 2 27 Hss 12 A= 1:10000
2 34ste 4°ColA s T AR 23 FA
Z Ao 1x7r 8-$A|7) 1 nitrocellulose membrane
& AHegrt. oA Triton X-1000] E9AA &+ Tris
fLAoZ AHstz ECL chemiluminescence (Amersham)
1} nitroblue tetrazolium¥} 5-bromo-4-chloro-3-indolyl
phosphate ¥4 Hbio 2 A7JA AT
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BFAY| 23t 57 MEAIHES RE

357 Wk Ao AR MEALEo] WA doj
v Al ZAEe EA e FHo AEA W BE
7t AA #EEHAHFg. 14). ol& #she DNAZZ
Z7bs} A8t F7lstdon PSS HE 7oz
% Ax9s 9A3ArhFigs. 1B 1C). 20 AT v &
ok 50%7F MEAPHo] FEHAh 1 M BFAE 7t
FYS W 357 AFAIE L 7518%2 F718I9th. BFA
2 AgstA ¥ AT EME DNAY ZZoJu PSe
Z3o] okalA Ugrou BFAS Hd 3FTEL DNA
ZZto]} annexin-V@4o] 23tA vebdo 24 BFAI
o3t A EAE] F7HES BATh BFAY o3 A EA}L
g 001 ¢M2RE 10 M7HA] SEEE RS
) 05 xM¢g] ETNRE AEALHo] dojyton
10 pMolA Hdol ¥-&& BATFig 2). mepr £ 9
FAME 10 uM 559 BFAS AFd| A3
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Fig. 1. Induction of neutrophil apoptosis by BFA. (A)
Cytospin preparations of neutrophils after incu-
bation in vitro for 20 hr were stained with Giemsa
solution. Solid arrows indicate apoptotic cells. (B)
Nucleosomal DNA fragmentations in neutrophils
were analyzed by agarose gel electrophoresis (lane
1, 1 kb DNA ladder marker; lane 2, fresh neu-
trophils; lane 3, 20 hr cultured control cells; lane
4, 20 hr cultured cells with 1 2 M BFA; lane 5, 20
hr cultured cells with 1 xg/ml LPS; lane 6; 20 hr
cultured cells with BFA and LPS; lane 7, positive
DNA fragment. (C) Neutrophils were cultured for
20 hr and cell death was assessed by annexin V
staining. (D) Neutrophils were cultured for 20 hr
in the presence of 10 xM of BFA and cell death
was assessed by annexin V staining.
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Fig. 2. Dose-dependent effect of BFA on the spontaneous
and the delayed apoptosis of neutrophils. Neutro-
phils were incubated with various concentrations
of BFA for 1 hr at 37°C prior to the addition of
media alone (None), or media containing 1 xg/ml
of LPS (+LPS), or 1 pg/ml of GM-CSF (+GM-
CSF). The cells were cultured for 20 hr, and apo-
ptotic cells were identified by their morphologies
under light microscopy and counted. Data are
reported as the percentage of cells showing the
morphologic features of apoptosis. Results represent
means £ SD.
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MMt A& BFE o 359 8 5579 A
EAY A71%e] g Aclee Ag A ok

BFAO| 2lst MEAH |FTO|M caspase-3 A<}
protein kinase C-8 (PKC-¢8)YA(x|el A

HAZ O d7AE9 B 9, AEAlEe] Yo
& F¢ PKC- § = caspase-3ol] 93la] Hajj=HA A4
oz MIATI SHUTH1021]. wapx, B dFdMe
PKC-5 o] digt Eo]33 A A rottlerin?} caspase-32]
A A¢l zDEVD-fmk7} BFAS| 93t M ZAlgo] ojujdt
P vIH=7HE ZASIAT Rottlering @GEo=2 37t
He ) 3579 AEAPEL A3 A cHFig. 4).
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Fig. 3. Effect of BFA on the delay of neutrophil apoptosis.
Neutrophils were pretreated with or without 10 4
M of BFA for 1 hr and further incubated for 20 hr
in the presence of 1 xg/ml GM-CSF, 1 pg/ml
LPS, 300 uM db-cAMP, 5 M dexamethasone, or
100 ng/ml IL-8. Data are reported as the percent-
age of cells showing morphologic features of
apoptosis. Results represent means=SD.

22U BFAS 3542 Z7lA0A $58 AZAEL 10
#Me] rottlerinel] 9J8}e] G WA ehskh. £, ZDEVD-
fmkE 200 xM9] ¥E 2 BFAS} 2gste] PI A0 2 A
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Fig. 4. Effect of BFA on the delay of apoptosis by rottlerin.
Neutrophils were preincubated with 10 ¢M of
BFA for 1 hr and further incubated for 20 hr in the
presence or in the absence of 1 xM of rottlerin.
Results represent means+SD.
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Fig. 5. Effect of caspase-3 inhibitor on the BFA-induced
apoptosis of neutrophils. Neutrophils were prein-
cubated with 200 M zDEVD-fmk for 1 hr and
further incubated with (B) or without (A) BFA.
Cell death was assessed by PI dye staining.
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Fig. 6. Effect of BFA on Mcl-1 expression. Neutrophils
were incubated with media alone (none), or media
containing 1 pg/ml LPS(+LPS) or 300 xM db-
cAMP (+cAMP) in the presence (+BFA) or in the
absence (-BFA) of 10 ¢ M of BFA for 20 hr. Fresh-
ly isolated neutrophils (Fresh) were used as a control.
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