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Effects of Neutrophils on the Trans-basement Membrane Migration and Superoxide Anion
Generation of Eosinophils

Izumi Kikuchi (Pulmonary Division, Second Department of Internal Medicine, Saitama Medical School,
Moroyama, Iruma-gun, Saitama 350-0495, Japan)

Eosinophils are generally recognized as central effector cells in airway inflammation of bronchial
asthma. On the other hand, neutrophils have been suggested to contribute to acute exacerbations or
development of chronic severe disease of asthma. The mechanisms how neutrophils contribute to these
pathophysiologic processes in asthma remains to be elucidated, however, neutrophils may affect either
accumulation or functional status of eosinophils. The objective of this study was to evaluate whether
the presence of neutrophils modifies trans-basement membrane migration and effector function of
eosinophils. Eosinophils and neutrophils were isolated from the peripheral blood of healthy subjects.
Eosinophil migration across basement membrane was evaluated using Matrigel” - coated chemotaxis
chambers in the presence or absence of neutrophils. In the presence of neutrophils, trans-basement
membrane migration of eosinophils in response to IL-8 was significantly augmented ( % migration;
12.9+3.1 vs. 1.9220.5 by control, p=0.007, N=10). Similarly, eosinophil migration to GRO-a was also
augmented in the presence of neutrophils. The enhanced migration in the presence of neutrophils was
partially but significantly inhibited by PAF-antagonists, WEB2086 or WEB2170, and LTB, receptor
antagonist, BIIL260, suggesting the role of PAF or LTB,. Finally, the presence of both neutrophils and
eosinophils significantly increased superoxide anion generation in response to IL-8 as compared with
that of eosinophils or neutrophils alone.

These results suggest that neutrophils can augment both trans-basement membrane migration and
respiratory burst of eosinophils. This pathomechanism may contribute to the eventual manifestation of
eosinophilic inflammation in the asthmatic airways.
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1. #8

D RIS E R R UEER . HIMEDIA. EG 1 &%
thiratk et (KB, HA NS, Ly FFw b
EGM & Clonetics Corporation (Palo Alto, CA, USA)
A 5, Hanks’ Balanced Salt Solution ( L, T HBSS)
& GIBCO BRL (Grand island, NY, USA) /5, JEE)
e 46 YR 17 (fetal bovine serum, L4 K FBS) (&
ICN Biomedicals Inc. (Aurora, Ohio, USA) /» 5 AF
L.

2) MEAREZMAEEBERE | AW iR bR IS N
0 Y (human umbilical vein endothelial cells, L,
HUVEC) 388tttk X2+t 5, EHS <7 A fififs;
R AL (Matrigel™ basement membrane, L R
Matrigel ) (% Becton Dickinson Co. -CBP Products
(Bedford, MA, USA) "5 ATF L7z,

3) F&l: LTB, Ak H13E T H % BIIL260 5 L T

platelet activating factor (UL~ PAF) Z &IP3 T

& % WEB2086, WEB2170 & Boehringer Ingelheim

(Rigefield, Conn. Germany) H &5 fit 5 % 5z 1F /=.

matrix metalloprotease-9 (L4 N MMP-9 ) [H & ¥ &

T®H 5 tissu inhibitor of metalloprotease-1 (DL R

TIMP-1) % R&D Systems (Minneapolis, MN, USA)

MHAFLUE RS A X —BHERTH %

ulinastatin (LR UTD (& FFHSISERR 4L (A,

HA) ot 52523 7z.

YFERER - SFPERFIEME . 71X —po 2 D)

-8, growth-related oncogene (GRO)-a, eotaxin

5K U RANTES (& R & D Systems 75, [fil/IMRIE

ALK+~ (platelet acting factor, PAF) & Sigma (St.

Louis, MO, USA) "5, axa+J x> (LT) B, &

Cayman Chemical (Ann Arbor, MI, USA) »5 AF

L7z

ik : §1 CXCR1 ik, $1CXCR2 Hii{kiZ R& D

Systems h 5, ¥ia, 177V Uik (7 o—

Y HP2/1D) 3 aXENA A (BK) CGER, HA)

Mo, Hip, A>T 7V Uik (7 a—21130)

& Becton Dickinson (Frankline Lakes, NJ, USA)

M5, X IgGl, IgG2a IZ ICN Biomedicals, Inc.

4)

5)

R

M5, $iPSGL-1 (CD162) #ifk (71— PL-1)
(& Immunotech A Coulter Company (Marseille,
France) 5, ¥iP-selectin (anti-CD62p) #ifk (7
O— > G1-4) % Ancell Corporation (Bayport, MN,
USA) M5 AFL Iz

6) Z Dt : Dextran T500 (& Pharmacia Biotech (Uppsala,
Sweden) A 5, CD16 Microbeads (& Miltenyi Biotec
(Bergisch Gladbach, Germany) /5, recombinant
human P-selectin (LAF P-selectin) (& R & D Systems
M5, superoxide dismutase (LA SOD), Cytochrome C,
0-phenylenediamine ()4 N OPD), Gelatin | Sigma H5,
2", 7’ -bis(2-carboxy-ethyl)-5(6)-carboxyfluorescein
(LUF BCECF-AM) (Z[EU-HW7eRT (BEA, HA) hH
AFLT.

2. WFHER, FEEERDEEE

BFHER, UWFREER & & ICBERO JTIEICHEY, TNTh
FFAFT L Percoll i 2, 755 M immunomagnetic
beads IC & % negative selection™ ™ I T/ ElEL 7=, fitH
NAMMZNSY VPR L T2 D& 45% T F AT
YZ50ml DAY TuLyFa—TIC4 R 1Dk
RTREYE, MR ERMREICHEELZ. TD
LA 5% 57 72 b EE 1.085 0 Percoll ik % F W\ C b EE s
DT EERITV, U 2 RER 7R B OISR B 55 0 R BR
ZERZEL, ZAREKICTHRNMBROBMBEEZTT S 2.
Thz, EERIGICDOVWTIES5% FBSEEHT %
HBSS (HBSS/FBS) 7% FH T 2.5x10° cells/ml IZ 3
L, hERERERE UTHWE. £z, EES
FEAE R SIC DWW T I 0.1% gelatin 7 &4 9 % HBSS
(HBSS/gel) 1T {%3 L 1.25%10° cells/ml I 3% L ¢
HERICHE U 7z, i BRD BRI 1E 98% LA 1 TH D,
F T R T 1E 1% D cell viability (& trypan blue 4 {4
T B LETH -7, WFBERIE, ZD%, FhBkBRE
ZHE LTHICD16 &/ 7 aF —)Ufifk e — X7zl
fl U 7z negative selection 72 il Bk 7 BRI 47 il
U7z, Tz ERE RIRRICEEE U CHRBRICE L 7z,
UFRBER D 7 BRI EE 1X 98 % L ETH D, TR T
[E 1% D cell viability | trypan blue 1T 95% L | C
HoTz.

3. EEBR&BKRR (trans-basement membrane
migration)

Engelbreth-Holm-Swarm (EHS) ~ 7 A fifi j& i 2k
JLE i (Matrigel”) (% 406 pg/ml i % Uiz, 24 9%
TL—rD EED T VAT 2l Matrigel % 100
pl D3 ELREIC, KR ET—BE iRIC TR
& U7z, BFrhER, GFEg Bk o BRI i 1d Boyden
chamber i D ZHEY ZH W THIE L. $45bb
24 /N1 # 7 L — b (Becton Dickinson Labware) %
AW, 3umRK7HY A ZXDA Y =T 4 )b Z—
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(Becton Dickinson Labware) 7 %% L, BCECF-AM
THEFR U 72 h BRYO 7238 U 72 i BRI s BRIE & 77
W 72 200 pul D01 Lictk, w7 =)V RIS E
K750 pul Z3FE A L37TCT2REf A > F 2 X —
varvlii LY zIVZERELRE WFHER
&, Fluoromark (Bio-Rad Laboratories, USA) 7%
L, #YEEAELREY. WEERHICIE R
7 x )V N IC i £ U 7z eoinophil peroxidase (EPO)
5P %2 OPD 2 H W T ¥ 4 L, IMMUNO-MINI
(NJ-2300, HARA > 22— Ry RS, HEL, HA)
L, %E 490 nm OWOEEE 2 HflE L.

4. ME R KE iR R E RIS (transendothelial
migration, L{F TEM)

b M ER R R M N Rl (HUVEC) & 2.5 X

10° cells/mlIC B L T=. 24 7L — b+ D FEED b

Z >~ A 1)V HUMEDIA % 100 pl D437 L 7=
#%Ic, HUVEC 137z 100 pl 327071 L, confluent
B ET37T°CICTT 24 K E LT, —fDEERT
& HUVEC L O#45 77 FRE O R B Z 9 5 HINT
IL-4, TNF- a ZH\\ 72", IL-4 13544 30 pM, TNF- o
AR 100 pM IC D K9 F%EE L, bV AT o)l
AT 24 RERRIFR U7z o

FFraBR, GFREER TEM OJIE (3 5L HREE 5 i & [7]
kEIC Boyden chamber {EDZ51E & 7z,

5. EHEEREERIG

BFHRERS K UIFIEERD A —7S—F 51 K (0,)
FRBAMToTERISNTL— b EHWIzF Y
O—L CEGEICEDlELE"Y. £9°soDav bk

a—)L )b SOD (0.2 mg/ml in HBSS/gel) % 20
pl oA, &Y o) VICHEYED IL-8 =2 AT D
5100 pul L7525 K 5 HBSS/gel ZhnA Tz, hfrhEkd %
WIS BBER DA & F - 71— L C (12 mg/mD) 7%
ARitLAX 1 TIRAL, Thz& Y )i 100 pl 3
omilzot, FL—br%5%CO,, 37CHA > F =
N— & — T 2 B {#7R U, 550 nm D W E 7% &
L7z, 205 DG duplicate T/7L>, SOD &4
T rIVORSE G Uz, O, pEAEEIX ) TR
#21.1x10°M/1 + cm » 5% %Y, nmoles cytochrome C
reduced/10° cells-SOD control & L CHH L. 1>~
FaR— 3 VAN B 240 77 1E OUFHRER « IFEEERA
1733 trypan blue Rl T 5% L ETH - 7.

6. MRETAIEE

A HIfRAT I two-way analysis of variance (ANOVA)
% I\, Fisher i (post hoc ¥ 7&) 1T THEM L 7=
fElER 5% Az HRE & AR LTz

fm R

1. FEROEEESARIGICH T BIFHERDIER
IR H B NI CXCHTEHA > THBIL-8 (10
nM) RIS X B, GFERER 0D L K EHE i 1 M 3 o
FRBRODVEH Z2 5t U Tz, 1380 C D Iy g BRI JEC
WX, WHHERDIEFIEIC K D ARG EIIZ -z
(Fig. 1. WHhERIFEAE FICBWT IL-8 1T & % oF g ER
FLEEEE (% HEER) 13 1.9105% Th b, BIRWEE
EOHEAZBD SN > To. FHPER & A gERO
FRTIE, %EERIZ 129131% 7450, HRIEE,
F IR ER UM DA D TL-8 1T & Bt & ik LT,
BHEIREMMNEESD 5Nz ($=0.007 vs. control, N=10,
Fig. 1A). IL-8% L [AlkEIC &S M R E AN T
R ERT P LI TV, o CXCrEH
1> T&H% GRO-a (100nM) T&, WFHERIFFIE R &
LB U, UFrhEREEAE R Cld A Ba iR BR D B EC R iR
DOREEEMFHE X N7z (0.7£0.5% by control vs. 11.8+
3.5% , p=0.02, N=6, Fig. 1B). LTB,(0.1 p M) §li# TIZ,
GFERERHUN T & B OEE & Lhfg U T B a L E 8
AEX N (12.9+4.6% vs. 1.0+£0.8%, p=0.04, N=5,
Fig. 1C) A%, GfFHhERTFEE R TIX 23.6+6.0% &, HEIC
9 5 T ENEHZE TN (9p<0.02 vs. control and
eosinophils alone, N=5, Fig. 1C). 7% 35, MHEEERIZTG
ML 2 L IL-8DY H > RTH B CXCR2 & HH T
5T EMMEENTO B, GrhEREE RIcET

[ C p=0.02
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Fig. 1. Effect of neutrophils on eosinophil trans-basement
membrane migration in response to IL-8 (N=10, A), GRO-
a (N=6, B), and LTB,(N=5, C). Either eosinophils alone or a
combination of eosinophils and neutrophils was added to the
upper compartment of Matrigel® -coated Transwell® filters
and either chemoattractant or medium control was added to
the bottom compartment. The plates were incubated for 2 h at
37°C and 5 % CO,. The migration of eosinophils was examined
by an EPO assay. Control([ 1), IL-8 10 nM or GRO- ¢ 100 nM
or LTB, 1 nM(H). Data are expressed as mean®+S.E. N.S. ;
not significant.
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% IL-8 1T X B g i K 1d, H1 CXCR2 Hifkic
Ko T E Nixy > 7z (6.5+1.9% by control vs.
9.2+2.7% by anti-CXCR2, N=3). UFEEKIC KT 5 E#%
PEEER DA SN2 CCrENA VBT DW TR
SLTHS &, eotaxin (10 nM) & RANTES (10 nM)
& & IR ERIEAFAE T C & I I Bk oD 2L e 1l i 5 722
BB LD, HHEROFEIC X 2 @R R IEFED 5
Nz -7z (59.5+3.8% by control vs. 62.3+4.5% by
eotaxin, p=N.S., N=5, 46.1+1.6% by control vs. 51.0+
4.9% by RANTES, p=N.S., N=5, Fig. 2).

2. FHREK - (FEEERERIRER R S DRREFHZEL

10 nM @ IL-8 i R C, #FHERIFAE NICHIF 54
FEER & b A bR oD B EC i e 722 AR IRF NI IR U 7z, i
BRELJECHE @ 1, BRI 156 0 OB Tt ED ¥ — 2 %
2 (Fig. 3A), MFEERIFELECEEEEALG 15 70 5 30
M ¥— 2o BT (Fig. 3B). §7/4bb, ffhEkok
JECHGEE DY, GFEEERDZ NUTHAT L TV B T EDVERR
Nz,

3. FHERHEET COFBEEEICESITZEDEED
&5

HFHRERIEAE T, IEFE PSRBT Ukl E RS0
A T D A2 R e MET Uz, IL-8 fIlifiC X 5 Ui ik
BR3EEE S S, bare filter (21.0£2.1% vs. 13.2+3.3%
by control, p=0.02, N=5), Matrigel (4.0+1.1% vs. 0.1
+0.0 % by control, p=0.02, N=5), Matrigel |C resting
JREED HUVEC ZZ#a— s L7zd D (13.6£3.0% vs. 5.2
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Fig. 2. Effect of neutrophils on eosinophil trans-basement
membrane migration in response to eotaxin and RANTES (N
=5). Either eosinophils alone or a combination of eosinophils
and neutrophils was added to the upper compartment of
Matrigel®-coated Transwell® filters and either eotaxin,
RANTES or medium alone was added to the bottom
compartment. The plates were incubated for 2 h at 37°C and 5
% CO,. The migration of eosinophils was examined by an EPO
assay. EOS alone([]), EOS+NEUT(M). Data are expressed
as mean=+S.E. N.S. ; not significant.

R

+2.4% by control, p=0.002, N=5), Matrigel IC IL-4
+TNF-a fIIC & 0 B D FREOFRB 2 i & ¥ e
HUVEC Z#a—hk L7z D (21.4+3.1% vs. 14.7£5.2%
by control, p<<0.05, N=5) DI X TICEHBWT, fFHERD
fFEIC X D ARICHEmE iz (Fig. 4).

4. FHRERAET TCOFBREEREBBRSICHITS
SFHERAR ARSI E D FOBEE DR

IL-8 1 i iy A BR A A 1T & % i il BR 0D S5k s i 5 3t
BEGR Y, GFHPERHECROMMGE EMEA T+ Z— X —T
HBMMP-9HZEWNWEILTTAX—EEEICKNT 3
FIRBE R 7 DG L BRI 20 Eh 2R T 5 H
A ¢, matrix metalloproteinase (MMP)-9 [H = ¥ &
TdH % TIMP-1 LUfHERT S A 2 —EHEKLTH S
ulinastatin (UTD) O%hHRZ et L7z, IL-8 Fl T Dby
FRERILTEIC K 2 G EsBR oD L il i g, Hia+
DIETEN R RET 2 T EDHERE SN TS 10 M D
TIMP-1", 1000 U/ml ® UTI*” iIc &k b, H4 TIMP-1
; 10.24-1.0% by control vs. 10.6+3.1% by TIMP-1, p=
N.S., N=5, Fig. 5A, UTI ; 23.2£6.8% by control vs. 23.5
+6.7 % by UTI, p=N.S., N=5, Fig. 5B & & fifi & " /&
Moz,

5. FPEREET COFRRERE®ERRGICETS
WFEEEREEEMEA 7+ T— 2 —DES5 DI&ET

wrpEREE, TEME(ET B B ERGE EE R AT
% PAF 7z 5 U'IC LTB, O i & % pE4: L1535, PAF
(1-0-alkyl-2-acetyl-sn-glycero-3-phosphocholine)
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Fig. 3. The reaction kinetics of neutrophil (A) and eosinophil
(B) trans-basement membrane migration in response to IL-8
(N=6). The reaction was initiated simultaneously and then
terminated by the removal of Transwell® filter according to
the time schedule. Following 3 h incubation, the migration of
neutrophils or eosinophils was examined by a BCECF-AM or
an EPO assay, respectively. Data are expressed as mean = S.E.
(*: p<<0.05, **: p<<0.005 vs. last value.).
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Fig. 4. Effects of the coating conditions of Transwell” on the
neutrophil-dependent enhancement of eosinophil migration
in response to IL-8 (N=5). Either eosinophils alone or a
combination of eosinophils and neutrophils was added to
the upper compartment of either bare-filter, Matrigel®, or
HUVEC monolayers stimulated with or without a combination
of IL-4 and TNF-a (both at 100 pM, 24 h ). Either IL-8 or
medium control was then added to the bottom compartment.
The plates were incubated for 2 h at 37°C and 5 % CO,. The
migration of eosinophils was then examined by an EPO assay.
EOS alone(L]), EOS+NEUT(M). Data are expressed as
mean—+S.E.
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Fig. 5. Effects of TIMP-1(N=5, A), a MMP-9 inhibitor,
and ulinastatin (N=5, B), a granulocytal elastase inhibitor,
on the neutrophil-dependent enhancement of eosinophil
trans-basement membrane migration in response to IL-8.
Eosinophils and neutrophils were preincubated either with
TIMP-1, ulinastatin, or medium alone for 30 min at 37°C.
Either eosinophils alone or a combination of eosinophils
and neutrophils was applied to the upper compartment of
Matrigel® -coated Transwell®. The migration of eosinophils
was then examined by an EPO assay. EOS alone([]), EOS
+NEUT(H). Data are expressed as mean = S.E. N.S. ; not
significant.

3% LTB, (5 (S), 12 (R)-dihydroxy-6, 14-cis-8,
10-trans-eicosatraenoic acid) &, 7 I F F Vg 71 X
T—RD55, 5-URFITFF—ERICKDEEZ
N5 AREE T, ke rn7 7 —IU N E
RPFEEIRTH O, PAF LA, UFEBER & 4frhBRoD
WIS EE R EER I 2 FE T 2%, chsnc
X0, I ERILTEIC X B ff s BRI JE I o S e D
BERICIE, PAF 55 WELTB, OIEHZ M LIZE D
ThHEENMEEI N Z2 TINS5 %
MiEt U7z, WEB2170(3 pM) 35 & U WEB2086 (10 p
M) & PAF IZ & %, BIIL260 (10 uM) & LTB, I &
%8RI RKDOMEERIS (%1 uM) Z2H%~2 95%LL F
L, HEhD, KIS TEHICET % cell viability
l&, Tripan blue talc XD 5% LULETH S T & ZH
FLIe (F—2AKER). PAF ZAKIEHE WEB2170
B pM) &, IL-8 JIHUF P BRILAFIC K 2 IF i BREL K
JESiEE 2, H M TR dH 2 DEZICHIH Lz (7.4
+2.1% by control vs. 3.7£1.0% by WEB2170, p=
0.04, N=5, Fig. 6A). [EIf£IT, fih D PAF &KL
T H 5 WEB2086 (10 uM) &, IL-8 il ks rhER L
171 K % b F BRI JE IR0 7 72 A5 =S U 7z (24.4+
8.3% by control vs. 17.31+6.1% by WEB2086, p=0.03,
N=5). IL-8 il T DU HERILAT NIC X 2 if B ERELE
JiE5E 8 D YRRk, LTB, 2 AAFSH1IE BIIL260 I X -
T, WO TR ZNERICHEIENE A3+
0.7% by control vs. 2.70.5% by BIIL260, p=0.02, N=7,
Fig. 6B). 7x3 WEB2170 & BIIL260 Ot UL %17 >
TH, MR EEEICEERES N a7z (F—&
RER).
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Fig. 6. Effects of WEB2170 (A), a PAF antagonist, and
BIIL260 (B), a LTB, receptor antagonist, on the neutrophil-
dependent enhancement of eosinophil trans-basement
membrane migration in response to IL-8 (N=5). Eosinophils
and neutrophils were preincubated with either WEB2170,
BIIL260, or medium alone for 15 min at 37°C, and then
applied to the upper compartment of the Matrigel® -coated
Transwell® filter. The migration of eosinophils was then
examined by an EPO assay. EOS alone([_), EOS+NEUT(H).
Data are expressed as mean = S.E. N.S. ; not significant.
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6. IFHERHET COFBIKEERESBRGIEEICH
VF BUFRER - IFEEIREREIEE D FOBE S DR

BFFREREE AT T C 0D 7 P R IR JEC A it 52 s M 5 U 35
%, WEEER & ar i ERD R aE 77 1 OB 572 Mt
U7z, IL-8 R TORFHRBRILE IS 31T 5 Af B BERAEE
e, HFERER & iFrhERDWE 251 B, A T TV
HUATIF L 7256, AR E Nz (6.1+1.6%
by control vs. 3.1£1.0% by anti- 8 ,integrin, p<<0.05, N
=5, Fig. 7).

7. WFEEEK - 1FPERIETE TD superoxide anion (0,)
EE DR

BFREER, HFHER, 755 TICli#E DHEAFTD O, R
ROSE, RIEYIIEGFE F TR EREEN G- Tz (N=
5, Fig. 8). 10nMIL-8 f#{f N TI&, AFEeBRELM, ffrh
BREJMDG T H AL O, PEAEZBE LR 5 Th,
GFERER « GFrhERILE FCUE, SRS S CICUFEER L
MTOIL-8HIIC K BTN LI L THERX 0,
OB EIE X N7 (nmole/10°cells ; 0.7+0.2 by
control vs. 0.97£0.3 by IL-8, p<<0.05, N=5, Fig. 8).

z =

AWFEIC BT BRI F T, IL-8, GRO- a,
LTB, $IBIC K % B ER 0D J2k JEC 53 3 5 i 0D 3 IH 7 4
MBS E Nz, IL-8 R T OUFhBRITE Fic kT %
G ERERDILIECELEME T, G ERDUFEEERIC e T L C
WS 3 EDMERE Nz, IR ERELAZIC & B UFREER
LR IEOm i O Hss A S, PAF 2k H13E & LTB,

p<0.05
8. I 1
p<0.05 p<0.05
L
Z
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H
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Fig. 7. Effect of anti- 3 , integrin antibody on the neutrophil-
dependent enhancement of eosinophil trans-basement
membrane migration in response to IL-8 (N=5). Eosinophils
and neutrophils were pretreated with either anti- 3, integrin
mADb (L130) or an isotype-matched control mouse IgG1 for
15 min at ambient temperature, then applied to the upper
compartment of the Matrigel” -coated Transwell® filter. The
migration of eosinophils was then examined by an EPO assay.
EOS alone([]), EOS+NEUT(H). Data are expressed as
mean = S.E.N.S. ; not significant.
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Fig. 8. The combined effect of eosinophils and neutrophils on
0O, generation (N=5). Either eosinophils alone, neutrophils
alone, or a combination of eosinophils and neutrophils was
added to 96-well plates in the presence or absence of IL-8.
O, generation was examined by a cytochrome C reduction
method. Control([ ), IL-8 10 nM (). Data are expressed as
mean &= S.E.N.S.: not significant.
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