Tuberculosis and Respiratory Diseases 28 9 571438, Vol 49, No. 6, Dec, 2000
O X0O

In Vitro 154 §54 34 #l<do| A Pentoxifyllines}
Neutrophil Elastase Inhibitore] ¥ g3}

s Sz Wik, Wesma

USR, USE, WB2, UM, Yoy

234, $3Y, udsh ddE

= Abstract =
Anti-inflammatory Effects of Pentoxifylline and Neutrophil Elastase
Inhibitor on Lipopolysaccharide-Induced Acute Lung Injury In Vitro

Young Kyoon Kim, M.D., Seung Joon Kim, M.D., Yong Keun Park, M.D.,
Seok Chan Kim, M.D., Kwan Hyoung Kim, M.D., Hwa Sik Moon, M.D.,
Jeong Sup Song, M.D., Sung Hak Park, M.D., Sang Ho Kim, M.D.”

Department of Internal Medicine and Department of Pathology™,
The Catholic University of Korea, School of Medicine, Seoul, Korea

Background : Acute lung injury (ALI) is a commonly encountered respiratory disease and its prognosis is
poor when the treatment is not provided promptly and properly. However no specific pharmacologic treatment
is currently available for ALL although recently several supportive drugs have been under scrutiny. We studied
anti-inflammatory effects of pentoxifylline (PF), a methylated xanthine, and ONO-5046, a syrnithetic neutrophil
elastase inhibitor on lipopolysaccharide (LPS)-induced ALl iz vitro.

Methods : To establish an ¢% vitro model of LPS-induced ALI, primary rat alveolar macrophages and periph-
eral neutrophils in various ratios (1:0, 5:1, 1:1, 1:5, 0:1) were co-cultured with transformed rat alveolar epi-
thelial cells (1.2 cell line) or vascular endothelial cells (IP2-FE4 cell line) under LPS stimulation. Each experi-
ment was divided into five groups-control, LPS, LPS+PF, LPS+0NQ, and LPS+PF-+0NO. We compared
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LPS-induced superoxide anion productions from primary rat alveolar macrophages and peripheral neutrophils
in various ratios, and the resultant cytotoxicity on L2 cells or IP2-E4 cells between groups. In addition we also
compared the productions of tumor necrosis factor (TNF)-¢, interleukin (IL)-14 monocyte chemotactic pro-
tein(MCP)-1, IL-6, and IL-10 as well as mRNA expressions of TNF-¢, inducible nitric oxide synthetase
(iNOS), and MCP-1 from LPS-stimulated primary rat alveolar macrophages between groups.

Results : (1) PF and ONO-5046 in each or both showed a trend to suppress LPS-induced superoxide anion
productions from primary rat alveolar macrophages and peripheral neutrophils regardless of their ratio, except
for the LPS+PF+ONO group with the 1:5 ratio, although statistical significance was limited to a few selected
experimental conditions. (2) PF and ONO-5046 in each or both showed a trend to prevent IP2-E4 cells from
LPS-induced cytotoxicity by primary rat alveolar macrophages and péripheral neutrophils regardless their
ratio, although statistical significance was limited to a few selected experimental conditions. The effects of PF
and/or ONO-5046 on LPS-induced L2 cell cytotoxicity varied according to experimental conditions. (3) PF
showed a trend to inhibit LPS-induced productions of TNF-g, MCP-1, and IL-10 from primary rat alveolar
macrophages. ONO-5046 alone didnot affect the LPS-induced productions of proinflammatory cytokines from
primary rat alveolar macrophages but the combination of PF and ONO-5046 showed a trend to suppress LPS-
induced productions of TNF-@ and IL-10 PF and ONO-5046 in each or both showed a trend to increase LPS-
induced IL-Band IL-6 productions from primary rat alveolar macrophages. (4) PF and ONO-5046 in each or
both showed a trend to attenuate LPS-induced mRNA expressions of TNF-@ and MCP-1 from primary rat
alveolar macrophages but at the same time showed a trend increase iNOS mRNA expression.

Conclusion : These results suggest that PF and ONO-5046 may play a role in attenuating inflammation in
LPS-induced ALI and that further study is needed to use these drugs as a new supportive therapeutic strategy
for ALIL (Tuberculosis and Respiratory Diseases 2000, 49 : 691-702)

Key words : Pentoxifylline, Neutrophil elastase inhibitor(ONO-5046), Acute lung injury, TNF-¢, MCP—I,
iNOS, IL-6, 1L.-14 IL-10.
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1. A HZCHAME o gxHN S5T el

27 WA (Sprague-Dawley rat)e] 2wek(0.5-1
ml)2] 50 mg/ml ketamine hydrochloride® 27}
=2 FARBKY S AN F, 73S =F2AA FAS
3l Aok cut-down tubeE 7|9 U2 Ak, 2}
7k AelAgs2 139 5 ml¥ 63] 7@ HEA
Aeg At 35E VA AT H AL HY
£ AAE7) A8 Az AR F, A7HE- 50 ml con-
ical polystyrene tubeo)] ©o} 4°ColA 1000 rpm 2.
21083 gl A5 wega, g cell
pelletoll A23(1-2 ml)¢] #]%F9 (minimal essen-
tial medium : MEM) & #7lsle] Az Eeti e =
the, trypan blue exclusion ¥Ho 2 & x4 2
NEALZEE Fsta oA Hg=ke] MEME 37}
gt AIEEEE 1x10° cells/mlE2 ZH3t] ALS-3}
gk #vj" SxdiddE g9y o 50 B
cytocentrifuge slide)) ¥33}e] 800 rpmo.& 5 ¥
7t cytospin & Diff-Quik (International Reagent
Corp., Japan) Aleko & GMsled #ast Axl, #E
AAET}F 95% ol4elRE /AR & A Alde
plate adhesion A& AXA g3 nviz A8y
t},

ZBAREA A S B A A H2g FA}
712 ERdsHoztE wxdEAE AHF F,

dextran{Sigma. USA)|| 23t A& AP (sedi-
mentation) @ Ficoll-Hypaque(Sigma, USA)<|]
o3t Uzl Hel (density gradient separation)
2 olgald wAe B2 5372 EelsiRlon
Fe HEF e lysis buffer(Sigma, USA)E o] &8}
o] A A8}t

2. Wi ABMESZHE WS4 REA T8
2 was 5%

ojo

ol

kel 2ol AJ4Eel %L SOD inhibitable
ferricytochrome-C #ivllo g Z2Asid=d], &
oks}m 96 well flat~bottomed microplated)] $loj4]
A& wiAe] HEad el dxdd TFTE well
F & A 8 1x10970, AE vle 100, 51, 1:
1, 1:5, 0:12 Z}7} 855 o8, 721 A% v]o] me}
AETE A LPSE AS3kA & dizw, LPS
(10 ng/mD)9r %8 LPS#, LPS2 1 mMe]
pentoxifylline(Trental, Sigma, USA, ¢}3} PF=
o713} & 3| Fodgk LPS+PF, LPS9} 1x 1074
mMe] neutrophil elastase inhibitor(ONO-50486,
Elaspol, Ono Pharmaceutical Co, Osaka, Japan,
oJst ONO® eidh) & Fofgk LPS+ONO,
LPS¢ 1 mMe} PF & 1x107* mMe] ONOZ %
Aldl Fodd LPS+PF+ONOTo 2 247} i3,
cytochrome-C(50 ¢f /ml)E A7lgk & 377, 5%
CO,/air incubatorojA] 4087 uwjekste] double
beam spectrophotometer(Hewlett Packard, USA)
2 550 nmdA EF=(optical density : OD) k&
=51t
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o HAZEEE 5F

wale) AU EF(L2 cell line) ¥ ¥ o)A
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Culture Collection(ATCC) o 2 88 FU35t4,
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37°C, 5% CO,/air incubatord|A] 44| (100 U/
ml penicillin @ 50 mg/ml streptomycin) 2 10%
fetal bovine serumeo] E7}g MEMog wfokats]
o} WA AFHEE 9 HZZME g WS4 F
54 MEEHEL SCr-release assay g ©o]43}d]
ZMstgen, Kokbd 96 well flat-bottomed
microplated]] 1-2x10%well2 Z+ FAN¥(L2
cells ¥ IP2-E4 cells)&8 #3338 37C, 5%
CO,/air incubatorojA] &%%<+(overnight) . ulj<
3 &, o] 55 welld 2u4Cig] Cr(NEN™,
Boston, USA)& HA](labelling) A171 -2 T3 A
¥ 2 AMR3MgTh 2 T test wellofls AE 204
9} Zo] welld & AEFE 1X107]2 3t WA
Ao e} 228 $FT F9 HE 1:0, 5!
1,1:1, 1:5, 0:18 3} £53}1, control wello=
AZA A MEM-€, maximum release wellojl:=
AN ZEHA 1% Triton-X 100(Sigma, USA)&
Zvzy gstlon, FHAFEEHE welld 200 w7}
HEE 2Pt tEolle 4 test well& AF 2
olre} #o] iz, LPS¥, LPS+PFZ, LPS+
ONO+#, LPS+PF+ONOTo.2 BF3le Zzt A
2&kaL 37°C, 5% CO,/air incubatorolA] 4 X7k )
Fe F, 4 FEANEEY] SHAR(% lysis) & EF
3}7] 918k, 2000rpmez 1087F 94 Eajsly
3 33 10048 A& N @ §A Holr] gamma
counter(Hewlett Packard, USA)& gamma emis-
siong Z3I50t. olv) 7 BANEES] B
[(cpm Test-cpm Control)]/[ (cpm Maximum-
cpm Control)] <100 o.2 #AAks}l¢ich.

4, 8] S AN ZE2RE] LHEA |EM cytokine
s 53

A 1A Eeld B HEZQAEE 6-well

plated] welld 2 mie] MEM3} 4] 2x10° cells

2 23 og, 4¥ 2 4 3oMe} 5L A7

(=7, LPS#, LPS+PF#, LPS+ONO#,

LPS+PF+O0NOT) o2 Rt 4A1KF wigst
% rat & mouse ELISA kits (Biosource Inter-
national, USA)=Z o3& o] TNF-e MCP-
1, IL-13 IL-6 € IL-10 ¥=& Z33%c}.

5. WA ofZciAMZRFE WS R HIWH
=% mRNA U8 53

Wi HERAAEERE WEL 54 dFWE
F(TNF-q, iNOS 2 MCP-1) mRNA @& re-
verse transcription-polymerase chain reaction
(RT-PCR) & o]g3lo] ##stGEd], He 89
3 v A '

24 RNA 221 98] 24F 494 ¥ cell pel-
let-2 Trizol reagent (Gibco-BRL, USA) 1 mldj
=9l &, o] FANY 0.2 mle] chloroform 7}3}
o] RNAE #2389t} ol 12,000 golA] 1587
43 &, aqueous phaseE 73} ©]E isopro-
panol 0.5mloj] ThA] =o]x, thA] 12,000 goliA 10
B27r 2% & RNA pellet2 1 ml®] 75% etha-
nole g Tw, ©hA] 12,000 gollA] 58T |- &,
RNA pelletg #83F 371 IARAZD ¥ 0.1%
DEPC$} RNAsin Hg] Z820] =gt}

Superscript II & ©]43 RT-PCR& t}&-2] £4
2 &}k, first strand cDNAE MEQ total
RNA 1-5 pgd) oligo dT(Promega, WI, USA)
stock 500 pg/ml) 1 pf ¢} FF4E 238l J=
12 pf 7} SA st} 70CAA 1083 71 & &
Al gesd R@sigt). 1 F tabletop centrifuge
E o)&3le] 9% &, 58] &= first strand buff-
er 4 40 ¢ 01 MDTT 2 ¢ ¥ 10 mM dNTP
(Promega, WI, USA) &3 1 1 & 4olA %
20 pf 9] volumel 2 THE Fof] 42°C A 287
7}&3}3L reverse transcriptaseg! superscript II
(Gibco-BRL, USA)E 1 i & & ¥ 42T 9|4
50%7F, 70°CelA 1587 F7t2 7k $ o]
cDNA sampleg PCR9} template® AM&314 )

— 694 —



~ Anti-inflammatory effects of pentoxifylline and neutrophil elastase inhibitor —

PCR& t}&e] z7io=g sigrt. 1 ul cDNA
sample®} 1 pf ¢} forward primer % 1 uf ¢ re-
verse primerg 412 % o7]o] PCR master mix
(10X PCR buffer ¢} MgCl, sterile DW, dNTP
mix, #p % Taq polymerase, Promega, WI, USA)
g 7tete] 20 o) §eog WER, o] PCR
machine(PTC-100 Programmable Thermal Con-
troller, MJ Research, Inc, USA)<j] d1r 25-30
cycle2 ZZAZY. TNF-oo| tidt PCR primer
(734 bp)+ SCL Gene Research Center( X&) &2
HE FE Adste] ARgslglon, PCR. x21e 1
min/96°C, 30 sec at 55C, 1 min at 72 C & 31
25 cycle® Ajs§skgic}. iINOS(563 bp) ¥ MCP-1
(266 bp)e] oid PCR primer pairy ul&E
AHE-BFE 0,
o5& ¥¥ manualel| wel 94°ColA 18 3027
denaturing A7), 94°ColA} 30%3F 25-35 cycle
ZZAZ &, 60°ColA 4523, 72CoA 453
2 72°ColA 787} extension AJZTH

Biosource International 3JA} A &-&

6. A2

2E AY Ars B9 + ZEUAH(mean+SD)E X
Aetgien], 7 ddezte] FARAE nonparame-
tric ANOVAE o|®39ix, 418 &
Zko] 0.05 ol3td W= sfsict.

o
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g sE5TERE R4 R Bitsl Sof2
ddsoll ojxlz I

AZHAAE g FxEY s570] Sl w2t o
& Apole AR, F oA BF BF &5 FA T
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Fig. 1. Effects of pentoxifylline (PF) and neu-
trophil elastase inhibitor (ONO) on LPS
-induced superoxide anion productions
from rat alveolar macrophages and/or
peripheral neutrophils
* P<0.05 compared to the control group,
# P<0.05 compared to the LPS group.

zyzte) LPStol| vl EAIH o2 fo8 AR ake
AFEguiyt 5019 o LPS+PF+ONOF @ A
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21TH(0.01 + 0.00 vs. 0.04+0.01, 0.02+0.03 vs. 0.
04 +£0.03 OD at 550 nm, P<0.05, Fig. 1). 3xv}t
Axegalzt 1: 59 W LPS+PF+ONOZ A=
W= FEA 3 gol& AAdFel LPST ¥
3 e3ly F7iske e BATH0.04£0.02 vs.
0.03 £0.02 9713 at 550 nm, P<0.05, Fig. 1).
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Fig. 2. Effects of pentoxifylline (PF) and neutro-
phil elastase inhibitor (ONO) on LPS-in-
duced L2 cell injury by rat alveolar macro-
phages and/or peripheral neutrophils
* P< (.05 compared to the control group,
# P<0.05 compared to the LPS group.

g A WA HEFTAE(L2 cells)Rul= &
N E(IP2-E4 cells)ol] thit A ESASolA
ol FEHXA BAEHUJT. AW Zzhe] LPSF#
o v&l BAHCE {23 A ad= L2 celle] 7
S AEEFEZE 1:09 uf LPS+HONOToA,
[P2-E4 cell®] 7$ LPS+PF+ONOFol|Awt 73
Hc}(2.75+2.11 vs. 7.74£0.80, 2.39 +1.77 vs.
8.91 +2.85 %, P<0.05, Fig. 2, Fig. 3).

3. PF X ONO-50460] %] BZCHAIZ S| LS4
R4 oytokine M40 ojxls A

W AEPAAES] YEL: 24 cytokine 4%
o st PF 2 ONO-50469] T &3& a3 2
%, LPS#9 vjs]l LPS+PF+ 2 LPS+PF+
ONOZ|A TNF-a BA%o] 8AsHA dAg= 5
Alo) (340.00 £ 227.29, 530.08 £ 549.56 vs. 826.45
+370.40 pg/ml, P<0.05) MCP-1 2 IL-10 &4

Fig. 3. Effects of pentoxifylline (PF) and neutro-
phil elastase inhibitor (ONO) on LPS-in-
duced IP2-E4 cell injury by rat alveolar
macrophages and peripheral neutrophils
* P<0.05 compared to the control group,

# P<0.05 compared to the LPS group.

1000
Control

LPS

LPS+PF
BB LPS+ONO
=] LPS+PF+ONO

750 N =9 in each group

500

Cytokine levels (pg/mL)

250

] T N

/777

D

A

TNF-o MCP-1 IL-6 IL-18 iL-10

Fig. 4. Effects of pentoxifylline (PF) and neu-
trophil elastase inhibitor (ONO) on LPS
-induced cytokine productions from rat
alveolar macrophages.

* P<0.05 compared to the control group,
# P<0.05 compared to the LPS group.
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TNF-2 (734 bp)
A B-actin (500 bp)
5 G APDH (983 bp)
J VOS (563 bp)
GAPDH (983 bp)
C
MCP-1 (266 bp)
203 p

OTNF-a
BINOS
EBMCP-1

Relativa daasities to g-actin or GAPOK

Lane 1 Lane 2 Lane3 Lane 4 lane S

Fig. 5. Effects of pentoxifylline (PF) and neu-
trophil elastase inhibitor (ONO) on LPS
-induced TNF-q, INOS, and MCP- 1
mRNA expressions from rat alveolar
macrophages analyzed by RT-PCR.
(Lane 1 : Control, Lane 2 . LPS, Lane
3:LPS+PF, Lane 4:LPS+0ONO,
Lane 5 : LPS+PF+0ONO)

TR Thh AAEE A%E vepd v, IL-18 9
IL-6 FAee A=A &t sk LPS+
ONOZ A= MCP-1 A4S tid dA=EE B3
& ERE B U2 cytokine A5 A=A okt
on, Al 39 cytokineoz U&7 IL-10 A%
o] TAh F7MH e s BYd(Fig. 4).

4. PF %l ONO-50460| A{ HECHAMES] LHSA
e HB0OHEE mRNA wWlol o)kl g

BA AN UE4 REA 954 WER
mRNA @8] gjst PF 2 ONO-50462] =
e B B3, 7 plle] O 2L HE T A
2% TNF-a¢ 2@ MCP-1 mRNA @3o] dAsl=
2785 Yehiod, 1 dAass HE 5o A

% #As9ch(Fig. 5-A, Fig. 5-C). kA% & 24
BT 9% £o g Fojd A@gle] iNOS mRNA
T A3k Z3rk(Fig. 5-B).
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o} e g=AT Ho|EFIQIE (proinflammatory
cytokines) T3+ ALIS] HelAeld) of ¢ 283 o
28 ks Aol gHAT L o]2jg cytokineE-&
375 Assld fokg G aEsE
lytic enzymes) ¥} superoxide anion % hydrogen
peroxides} #& NEHA ASAEZLEY WS
FEgto g Zrdde s dluAlze] &4 v
o wnt opgl, TNF-ad] 799l AHd4oz 8
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NE2E A BHAIE MLetns iz =o] Al 23
A= N

olel #AWsted FHIZo] methylated xanthine$l
pentoxifylline (PF)o] ALI9] 42488 ol Ax
FAANA F e Ao gEA ol g Bio] &
of i e, PFo] ofd 7jdog ALIE 334
7le Ao dsiAE ol HE3] AP v} giA,
McDonald" @ Hoffmann $'2 PFo] 337 nj
A4 S3uke-& AJAEtkn B udlg o, Seear S
*e £7]¢] ALI 2944 PFo| ¥ AFTE &3
o 2N HEFS A4AIIYT Hod v QU
% Mandell 5'°2 PFo] 9% ¥52%E TNF-q
IL-1, [L-6%} 28 proinflammatory cylokines %
vlg dAlgezn ALIE 3AA71= Ao) opdrt
AAjg vt ok

38 ONO-50462 AEAEEe] neutrophil ela-
stase inhibitor 24 Q1A HET oliel 7], FH,
#AE, o0b+A 59 neutrophil elastaseS A s}o]
ALIE 3AN7= Ao g4 Ut Miyaza-
ki 5&% Bl TNF-a& FUdld ALl g v
€ ¥, ONO-5046 & F43le A4sle $A7) 2
g AT E AT S8 Yo
A BEAEE F4E AAAFYn BRasld,
Sakamaki B&% i vitro 484 LPS& #34
guinea pige] Z|AAHEAAY o] FFF 2
neutrophil elastase?] =& ONO-5046¢] &% 9]
EXoz2zaAZv et

B doiaes gokel ALL 29 2] gdAtolA]
vy &3 gale WsA f24 34 A 4
AL (in vitro) HERAE o]gsle] PF % ONO
-50460] ALIS] QFWrge] ojwg 4L nixe
218 fEsded, vE in vitro 2807 817
T 7Es’ BA (in vive) AR AR 2887
& A3 $iE BAMe HEgIAE 2 T8
SFTE Uk wle(1:0, 5:1, 1:1, 1:5,
0:1)2 Este] el ARg3sIgich= Aol Fe]
in vitro L83 Folsirin & 4 Qlvh. Ed 2

o] A9 2 od & 7iA FHA7} ofulg
LPSZ &43ld 4ZM T8 o3 54 A& (F
23 gold) AAdE, AZFAE(HZYIAE ¢
FANHAE ) gt A ¥EE5AS, proinflammato-
ry cylokines (TNF-g, IL-18 MCP-1, IL-6, 1L~
10) £ul5 ¥ 4304 EE(TNF-q iNOS, MCP
-1)¢] mRNA @8 5 ALI9] Weigald] dojsh=
7Fed BE 58-S SAlY #dslte AR B
dFe] Foldeolztn & 4 ot ¥wt opjz}t PF &
2 ONO-5046 & ©Eo 2 Fo3t 399 F 74x] &
A 255 HE Fod FHE WA vud A B
AFd A Hgo2 Al=d vzt opdr) AzbE)

£ A7 27 PF &5 Foje A2ERH uje}
tha Abole QIR WA o] EFNEE (FEh 24
¥ 2 #2289 357) 2PEH WEL 24 st
Fol& AL AAFge N HEZAANE(ES] B
oA L)l st HMEENFTE TAAAE B olid,
HAXRAAEZRE YEL 54 TNF-o vz
Az dAA7le Aoz FAFUY. =3 a8
FREAE ggAw PF 9% 5o TNF-a ¥
MCP-1 mRNA #&a MCP-1 9 IL-10 BujE
tha ZAAATE AEg Bl b, Waje] wEdly
AEzRe WEL 454 IL-6 ¥ IL-18 #9¢}
INOS mRNA 9] #d 5& 238 ti F7HlE
3% HAnh. olie] AAE Bol PF& WS4 &
=4 ALIA 93] 9898 Jehe, 1 4
FA7IHe GZAEERRH UsA: 24 544
38 A4 94 2 F2dNEERE U454 f524
TNF-a §4] A7t obdrt :55]& vlelot.

ONO-5046 9% Fo] QA] AX &G w2} o}
& Aol ABAR WA o) GFAEE(AXH AT
9 BxEd 3HT)ERE UEL A P8 &
ol BAE AAFo =N HXANZ(HAIAIAE
2 FaeAE)o] g NESYTE FAATE
Aoz gt 28 PF 95 Fo wof= g
2] ONO-50476 ©= Fole WA HEfHA X
WEL #5354 TNF-a 2 MCP-1 ol d
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7 BEZAGHAZL oA AREET A7l s1A
o, oba ALIE addozs X858 4 = A
NEEo AA & AAolrh. oo £ AFAEL F
& ALIS] Mzg BEXEHA 2 7FsA] dF
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