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Intracellular Pool of IL-10 Receptors in Specific Granules of
Human Neutrophils: Differential Mobilization by
Proinflammatory Mediators™*

Carole Elbim, Héléne Reglier, Michéle Fay, Charlotte Delarche, Valérie Andrieu,
Jamel El Benna, and Marie-Anne Gougerot-Pocidal®

IL-10 has a wide range of effects tending to control inflammatory responses. We used flow cytometry to study IL-10 binding at
the polymorphonuclear neutrophil (PMN) surface and its modulation by various proinflammatory agents. Little IL-10 bound to
the surface of resting PMN. However, binding was strongly increased after stimulation with LPS and proinflammatory cytokines
such as TNF and GM-CSF. IL-1 and IL-8 did not significantly modify IL-10 binding. Cycloheximide had no effect on TNF-induced
IL-10 binding, strongly suggesting the release of a pre-existing pool of IL-10R rather than de novo receptor synthesis by PMN.
This was confirmed by the inhibitory effect of pentoxifylline, an inhibitor of degranulation. The existence of an intracellular pool

of IL-10R was shown by flow cytometry, immunocytochemical staining, and Western blotting with several anti-human IL-10R
Abs. In subcellular fractions of resting PMN, IL-10R was mainly located in the specific granule fraction, and was absent from
azurophil granules and cytosol. We also tested the mobilization of specific granules by measuring the release of lactoferrin, their
reference marker. The differential effects of the proinflammatory agents on IL-10 binding matched their effects on lactoferrin
release and may therefore be related to differential mobilization of specific granules by these agents. Furthermore, the kinetics of
TNF-induced up-regulation of IL-10 binding to PMN ran parallel to the kinetics of the inhibitory effect of IL-10 on the oxidative
burst, suggesting a key role of IL-10R mobilization from specific granules to the membranes in optimal regulation of inflammatory
responses. The Journal of Immunology,2001, 166: 5201-5207.
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in host defenses against invading microorganisms (1). Intargets (5). Originally identified as an inhibitor of proinflammatory

response to pathogens, PMN move from the circulatingcytokine synthesis by monocytes and T lymphocytes (4, 6), IL-10 &
blood to infected tissues, where their activation triggers microbi-was subsequently found to have a wide range of additional effects, @
cidal mechanisms such as release of proteolytic enzymes and asspecially on PMN (7). For instance, recent studies have shown&
timicrobial peptides, and rapid production of reactive oxygen spethat IL-10 is a potent inhibitor of LPS-induced PMN production of €
cies (ROS), a phenomenon known as the oxidative burst. PMNyroinflammatory cytokines such as TNE-IL-1, IL-8, MIP-1q,
also participate in the regulation of immune and inflammatory re-\jp-18, and IL-12, whereas it potentiates LPS-elicited secretion
sponses by producing various mediators. Excessive or inapproprif | -1 receptor antagonist (8—13). IL-10 also down-regulates
ate stimulation of PMN can lead to tissue damage through excessiner PMN effector functions, such as phagocytic and bactericidal

sive release of proinflammatory mediators into the extracellulagyities, Ab-dependent cellular cytotoxicity, and platelet-activat-

medium (2, 3). T_herefc_>re, tight regulation _of PMN responses, |o_aring factor and ROS production (14—17).

Flcula_lrly by cytc_>k|nes, is necessary for optimal r_:lntlbacterlal activ- | 10 activities are mediated by a high-affinity cell surface re-
ity \_N'thOUt detrlm(_ental consequences for h_OSt tissues. |L-10 play%eptor (IL-10R) that is structurally related to IFN receptors (18—
an '”.“po”f’.‘”t role in the down-regulat_lon OT |nflammatory and C(?"'20). IL-10R is a complex of a ligand-binding chain (IL-R1 @y
mediated immune responses (4). This pleiotropic cytokine, mamlyand a recently identified IL-10R2 (CRFB4/CRF-2) molecule

whose linking to the ligand-binding chain results in a functional
IL-10R (21-23). IL-10R1 has been found at the surface of a variety
of cells, including several human lymphoid and myeloid cell lines

Received for publication August 21, 2000. Accepted for publication February 5, 2001.(24_28)' IL-10 bmdmg to the PMN surface has recemly been re-

o o i ‘Ported, albeit to a lesser extent than to monocytes and lymphocytes
The costs of publication of this article were defrayed in part by the payment of pag . . . . .
charges. This article must therefore be hereby masddertisemenin accordance (29)- However, no information is available on the regmatlon of
with 18 U.S.C. Section 1734 solely to indicate this fact. IL-10 binding at the surface of mature PMN.
* This work was supported by a grant from the Association pour la Recherche surle To further define the pro- and anti-inflammatory balance at an
Cancer. inflammatory site, we investigated IL-10 binding to the PMN sur-
2 Address correspondence and reprint requests to Dr. Marie-Anne Gougerot—PocidaI?ace during treatment with proinflammatory mediators (LPS
Laboratoire d’Immunologie et d’Hématologie, Centre Hospitalier Universitaire R '
Xavier Bichat, 46 rue Henri Huchard, 75877 Paris Cedex 18, France. E-mail addresst NF-a, GM-CSF, IL-1, IL-8) that have different effects on PMN
pocidalo@bichat.inserm.fr functions (8, 10, 30-34). We observed differential modulation of
3 Abbreviations used in this paper: PMN, polymorphonuclear neutrophil(s); ROS,|L-10 binding to PMN by these proinflammatory agents, which
reactive oxygen species; hTIk-recombinant human TNE; DFP, diisopropylflu- . a4 related to differential mobilization of the subset of specific

orophosphate; PTX, pentoxifylline; HE, hydroethidine; MFI, mean fluorescence in- ;
tensity; S, stimulation index. granules, which was found to stock IL-10 receptors.

Polymorphonuclear neutrophils (PMRIplay a critical role  secreted by monocytic, T, and B cells, has a variety of cellular
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Materials and Methods in 1% paraformaldehyde-PBS and kept on ice until flow cytometry on the
Reagents same day.

The reagents and sources were as follows: recombinant humanaTNF-Flow cytometry

(rhTNF-; 10° U/ml), IL-18 (10° U/ml), and IL-8 (77 aa) produced by

endothelial cells (Genzyme, Cambridge, MA); GM-CSF (%.20° ng/ml; We used a Becton Dickinson FACScan (BD Immunocytometry Systems,
Schering-Plough, Kenilworth, NJ); LPS endotoxin frdéscherichia coli San Jose, CA) with a 15-mW 488-nm argon laser. Forward and side scatter
(055:B5), PMA, diisopropylfluorophosphate (DFP), fMLP, primaquine, were used to identify the granulocyte population and to gate out other cells
and a protease inhibitor mixture (Sigma, St. Louis, MO); pentoxifylline and debris. The purity of the gated cells was assessed by using FITC- or
(PTX; Hoechst, Paris-La-Défense, France); rhiL-1@u{gml), biotinylated PE-conjugated anti-CD3, CD45, CD14, and CD15 Abs (BD Biosciences).
rhiL-10, FITC-avidin, and mouse biotinylated anti-human IL-10R poly- Ten thousand events were counted per sample, and the fluorescence pulses
clonal Ab (R&D Systems, Abingdon, U.K.); rat anti-human IL-10R mAb were amplified by 4-decade logarithmic amplifiers. The green fluorescence
(3F9) (a gift from Kevin Moore, DNAX Research Institute, Palo Alto, CA); of FITC-avidin was recorded from 515 to 545. The orange fluorescence of
rabbit anti-human IL-10R polyclonal Ab (Santa Cruz Biotechnology, Santaethidium was recorded from 549 to 601 nm (5726). All the results were
Cruz, CA); peroxidase-conjugated swine anti-goat Ig (BioSource Internaobtained with a constant photomultiplier gain value. The data were ana-
tional, Camarillo, CA); Dako LSAB alkaline phosphatase kit (Dakopatts, lyzed with LYSIS Il software (BD Biosciences, San Jose, CA) and the
Glostrup, Denmark); purified monoclonal mouse anti-human CD11b;mean fluorescence intensity (MFI) was used to quantitate the responses.
FITC-streptavidin (Immunotech, Marseille, France); FCS (Life Technolo- The effect of IL-10 on TNF priming of the PMN oxidative burst was cal-
gies Laboratories, Grand Island, NY), and hydroethidine (HE; Fluka,culated as the percentage inhibition, as follows: (MFI of the TNF-prein-
Buchs, Switzerland). Stock solutions of HE (15 mg/ml) and fMLP-(A0 cubated sample- MFI of the TNF-preincubated sample treated with IL-
mol/L) were prepared in acetonitrile and DMSO, respectively, and storedL0)/MFI of the TNF-preincubated sampte 100%.

at —20°C. The solutions were diluted in PBS (Pharmacia Fine Chemicals,

Uppsala, Sweden) immediately before use. All of the recombinant cytoymmunocytochemical staining of intracellular IL-10R

kines were used as recommended by the manufacturers.
Smears of unstimulated blood from healthy donors were air-dried for 24 h

Study of IL-10 binding to the PMN surface and incubated in cold acetone/methanol (1:1) at 4°C for 10 min to fix and

- permeabilize the membranes. Nonspecific staining was blocked by a 5-min
IL-10 binding to the PMN surface was measured by means of flow cytom+ncybation with the blocking reagent from the Dako LSAB kit. The smears
etry in whole blood, to minimize procedure-related changes in surface reyere then incubated with a rat anti-human IL-10R mAb (@g/mi;
ceptor expression (35). Whole blood (1 ml) from healthy donors was eithepynax) for 30 min, followed by sequential 10-min incubation steps with
kept on ice or incubated with TNE-(0.1-1000 U/ml), GM-CSF (0.1-500 5 pjptinylated goat anti-rat Ig Ab and alkaline phosphatase-labeled strepta-
U/ml), IL-1p (0.1-500 U/ml), IL-8 (0.1-50 ng/ml), LPS (0.1-kg/ml), .~ vidin, as recommended by the manufacturer (Dako LSAB Alkaline Phos-
PMA (100 ng/ml), or PBS for 5-30 min (depending the stimulus) at 37°C yatase kit). Staining was revealed with freshly prepared substrate-chro- &
with constant agitation. In some experiments, samples were preincubatgfogen solution. Counterstaining was then performed with hematoxylin
with PTX (1 uM to 10 mM), primaquine (25Qg/ml), or a protease in-  5n4 ammonia water. Positive staining developed as a fuchsia-colored re-
hibitor mixture (10ug/ml) for 5 min before adding TNF. IL-10 binding ~  4¢tion product. The negative control consisted of incubating smears with an

to the PMN surface was determined by using a biotinylated IL-10, Withjrelevant Ab of the same isotype, and the positive control with an
FITC-avidin revelation according to the manufacturer guidelines. Briefly, 3nii-cD11b mAb.

samples (10@l) were incubated with biotinylated IL-10 for 60 min at 4°C.

Nonspecific binding was determined by incubating samples with a negativ . . .

contrgl reagent cor?sisting ofa soybea>r/1 trypsin in%libitorpbiotinylated t% th:SubceIIular fractionation of isolated PMN
same extent as the cytokine ¢&/ml). The cells were then directly treated y,;man PMN were purified in sterile conditions by 2% dextran sedimen-
with FITC-avidin for 30 min at 4°C. The specificity of the reaction was ation and centrifugation on Ficoll-Paque cushions (38). Contaminating
checked by preincubating the cytokine reagent for 15 min with a bIOCI('ngerythrocytes were removed by hypotonic lysis, and the purified neutrophils @
anti-hIL-10 Ab. After erythrocyte lysis with FACS lysing solution (BD (100 x 10°/ml) were suspended in PBS and treated with DFP (2.7 mM for
Biosciences, Mountain View, CA) and one wash in PBS, cells were resusy 5 min at 4°C), then washed and resuspended in 5 ml of ice-cold relaxation o
pended in washing buffer and kept on ice until flow cytometry. buffer [L00 mmol/L KCI, 3 mmol/L NaCl, 1 mmol/L ATPNa3.5 mmol/L
P . . MgCl,, 10 mmol/L PIPES, pH 7.2], until subcellular fractionation. To
Determination of intracellular IL-10R expression by flow stdeztranslocation under stlijmulatigan, DFP-treated PMN (L.L0%/ml)
cytometry were incubated in Hank’s buffer supplemented with 0.05% BSA, in the
absence or presence of PMA (100 ng/ml for 10 min at 37°C) or TNF (100 &

Erythrocytes were |ySEd with FACS Iysing solution. Leukocytes were X - X . N

: ; e /ml for 30 min at 37°C). he reaction was stopped by addlng ice-cold o
P % F P 0,

washed twice with PBS containing 2% FCS. araformn aldehyde (0.25/0|EBS n ubseauent trifugation at 40Qy for 10 min at 4°C. Then s}

was then added while vortexing, and samples were incubated in the da MN were resuspended in ice-cold relaxation buffer supplemented with

for 15 min at room temperature. After one wash with PBS, the leukocyte ntiprot Subcellular fractionation w rformed reviously d
were incubated with ice-cold PBS-70% methanol in the dark for 60 min anuProteases. subcelluiar fractionation was perlormed as previously de-

4°C to permeabilize the membranes as previously described (36). After ong<"i0€d (39). Briefly, PMN were pressurized wit fér 20 min at 450 psi
wash in PBS, the samples were incubated with a mouse biotinylated ant}/—‘"th constant stirring in a nitrogen bomb. The cavitas was then collected

human IL-10R Ab (R&D Systems) for 30 min at 4°C and then with FITC- {/0PWse o BGTA suficient for ‘;'”g"bconcet”.tfra“otr.‘ of 1.25 mmoll..
streptavidin for 30 min at 4°C. After one wash with ice-cold PBS contain- ucler and unbroken cells were pefieled by centritugation of the cavitas a
%OO X g for 10 min. The supernatant was decanted, loaded at the top of a

ing 2% FCS, cells were resuspended in 1% paraformaldehyde-PBS ar}w .
: : i oo : o-layer Percoll gradient (1.05/1.12 g/ml) precooled to 4°C, and spun at
kept on ice until flow cytometry. Nonspecific Ab binding was determined oC f0¥ 30 min at 20 000K g( This resul%ed i)npa gradient with three vis?ble

on cells incubated with the same concentration of an irrelevant biotinylatecﬁ ) . .

Ab of the same isotype. The positive control used an anti-CD11b Ab. ands_ _(from th(_e‘bottom. a _band containing azurophil granulle‘s, a band
containing specific and gelatinase granules, and a band containing plasma

02—" production by PMN membranes and secretory vesicles). The cytosol remained above the upper
band, on top of the Percoll gradient. The different fractions were then

O, production was measured by using a flow cytometric assay derivedollected. The purity of the specific and azurophilic granule fractions was

from the HE oxidation technique described by Rothe and Valet (37).assessed by measuring their respective markers, lactoferrin and myeloper-

Whole-blood samples (1 ml) were preincubated for 15 min with HE (15000xidase, in each fraction (azurophil granules, specific granules, and mem-

ng/ml) in a water bath with gentle horizontal agitation at 37°C. (HE dif- branes) and in the total cavitas using ELISA methods (R&D Systems).

fuses into the cells and, during the PMN oxidative burst, nonfluorescent

intracellqlar HE is oxidized_ by © to_highly quorescent_ethidium that is Electrophoresis and blotting

trapped in the nucleus by intercalation into DNA, leading to an enhance-

ment of fluorescence.) Samples were then incubated with TNF (100 U/mIA cellular equivalent of total cavitas and of each subcellular fraction (cy-

for various times (0, 5, 10, 15, 30, 45, or 60 min); PBS or IL-10 (30 ng/ml) tosol, membranes, specific and azurophilic granules) was addec to 2

was then added for 35 min, followed by fMLP (1®mol/L) for 5 min. The Laemmli sample buffer, and proteins were electrophoresed in 9% SDS-

reaction was stopped and RBC were lysed with FACS solution (BD Bio-polyacrylamide gels. Proteins were transferred to nitrocellulose membranes

sciences). After one wash (400g for 5 min), white cells were suspended (Protran BA83; Schleicher & Schuell, Keene, NH) at 100 V for 1 h in 25
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mM Tris, pH 8.3, 192 mM glycine, and 20% methanol buffer. The mem- early as 10 min after TNF treatment and increased in a time-de-
branes were first blocked overnight at 4°C in TBS-Tween (25 mM Tris- pendent manner, with maximum expression at 30 min (Table ).

HCI, pH 7.6, 137 mM NacCl, and 0.2% Tween 20) containing 7.5% BSA, | _ s ; ;
and then incubated (60 min, 37°C) with a rabbit anti-human IL-10R pon-IL 10 binding decreased 45 and 60 min after TNF treatment. This

clonal Ab (final concentration, 0,2g/ml; Santa Cruz Biotechnology). The diminution was reversed by sample preincubation with prima-
membranes were then washed and incubated for 45 min at room tempe@iuine, an endocytosis inhibitor (40) (Table Il), whereas protease
ature in TBS-Tween with a HRP-conjugated swine anti-rabbit Ig Ab (1/inhibitors had no effect (data not shown), suggesting an internal-
10,000 dilution). The immunoblots were developed using a chemiluminesizaﬂOn of IL-10 receptors.

cence method (ECL; Amersham Life Sciences, Arlington Heights, IL) . . -
following the manufacturer guidelines. Mononuclear cells (lymphocytes We then examined the regulation of IL-10 binding to the PMN

and monocytes) obtained after separation of peripheral blood on FicollSurface by other proinflammatory mediators that are known to reg-
Paque were loaded and blotted in parallel and served as a positive contrallate PMN. As shown in Table Ill, incubation of whole blood with
predetermined optimal concentrations of LPSu@ml for 30 min)

or GM-CSF (100 U/ml for 30 min) increased IL-10 binding to the
Whole blood collected in sterile lithium heparinate tubes was either kept orPMN surface. This increase in IL-10 binding was in the same
ice orincubated at 37°C for 30 min with TNi¢100 U/ml), GM-CSF (100 range as that observed with the PKC activator PMA (100 ng/ml for

U/ml), IL-18 (100 U/ml), IL-8 (50 ng/ml), or LPS (xg/ml), or for 5 min - . .
with PMA (100 ng/ml). Control samples were incubated with PBS. Sam-5 min), a potent stimulus of numerous PMN functions. Indeed, the

ples were then centrifuged at 1560 for 15 min at 4°C. Plasma samples Stimulation index (SI) (ratio of the MFI of agonist-treated cells to
were stored at-70°C for no longer than 15 days before the assay. Lac-that of PBS-treated cells) was4 -5 in the presence of TNF, GM-
toferrin in plasma was assayed in duplicate by using ELISA methodsCSF, LPS, or PMA. In contrast, in our conditions of stimulation,

(R&D Systems) with a detection limit of 1 ng/ml. PMN counts in whole , _ ; _ ; ;
blood were obtained using an automated hemocytometer (HZ1; Bayer”‘ 1 (100 U/ml for 30 min) and IL-8 (50 ng/mi for 30 min) did not

Elkhart, IN). The measurement of lactoferrin in total cavitas of isolatedéignificantly modify specific IL-10 binding to the PMN surface,
PMN (as previously described) permitted us to evaluate the percentage &¥ith a Sl always<2 (Table lII); other times and higher concen-
release from the intracellular pool to the extracellular medium. trations had no effect either (data not shown). Moreover, IL-1 and
IL-8 did not down-regulate TNF-induced IL-10 binding to PMN
(data not shown).

Quantification of lactoferrin release after PMN stimulation

Statistical analysis

All results are expressed as meahsSEM. Means were compared using
Student’st test, andp values of 0.05 or less were considered significant. TNF increases IL-10 binding to the PMN surface by a
degranulation process

The TNF-induced increase in IL-10 binding to the PMN surface
was observed very rapidly after addition of the reagent and was
After 30 min of incubation at 4°C, IL-10 barely bound to resting maximal after 30 min of incubation. Furthermore, the kinetics of
whole-blood PMN. The MFI of the sample incubated with biotin- release was similar in the presence of GM-CSF and LPS at optimal
ylated-rhIL-10 and revealed with FITC-avidin was moderately, al-concentrations (data not shown). As PMA is also a potent inducer
though significantly, increased as compared with samples inCugf human neutrophil degranulation (41), these results suggested the
bated with the biotinylated control reagent and FITC-avidin 8.3  translocation, to the PMN surface, of intracellular IL-10R. Thus
2.5 vs 5.2+ 1.2, respectivelyn = 10, p = 0.0003). In contrast, e investigated whether the degranulation process after stimula-
incubation of whole blood with 100 U/ml TNE-for 30 min at tion contributed to the increased IL-10R expression.

37°C strongly increased IL-10 binding to the PMN surface, with a e tested the effect of PTX, a methylxanthine derivative known
MFI ~6-fold higher than that of the sample incubated in the sameg inhibit neutrophil degranulation (42, 43)n IL-10 binding after
conditions with PBS (Table I). A slightly increased value of IL-10 TNF stimulation. Pretreatment of whole blood with PTX induced
binding was observed in the sample incubated with PBS alone aoncentration-dependent inhibition of the TNF-induced increase in

37°C (10.75+ 1.1) as compared with the values obtained at 4°C.|L-10 binding (Table IV). The effect of TNF was completely re-
The effect of TNF was concentration-dependent (Table I). More~ersed by 10 mM PTX.

over, when a blocking anti-hIL-10 Ab was added before incubation

with TNF, IL-10 binding to the PMN surface was suppressed

(MFI: 4.6 £ 0.4), supporting the specificity of the reaction. A

kinetic study showed that IL-10 binding induced by TNF began 8Srable II. Time course of IL-10 binding to the PMN surface in response
to TNFx stimulatior?

Results
Characteristics of IL-10 binding to the PMN surface

2202 ‘T Yore N uo 1s9nb Aq /6107 jounwiw i [-mamm//:diy wioJ) papeojumoq

Table I. Effect of TN on IL-10 binding to the PMN surfaée

MFI

TNF (U/ml) MFI Time (min) TNF TNF + primaquine
0 10.7+ 1.1 5 147+ 2.1 16.0+ 2

0.1 9.0+ 17 10 342+ 45 32.2+28

1 9.3+ 0.9 15 53.8+ 6.8 52.8+ 3.1

10 225+2.9 30 56.9+ 3.0° 56.0+ 3.0
100 61.1+ 9.0 45 39.0% 4.8 56.6+ 2.9
500 61.8+ 9.4 60 32.4+ 3.4 58.6+ 5.2

1000 748+ 12.3

2Whole blood was stimulated with TNF(100 U/ml) alone or combined with

2Whole blood was incubated with TNFat various concentrations (0.1-1000 primaquine (250ug/ml) at 37°C for various times (5—-60 min) and then incubated
U/ml) or without TNF in presence of PBS, for 30 min at 37°C, and then incubatedwith biotinylated IL-10 for 60 min at 4°C. Flow cytometric analysis of IL-10 binding
with biotinylated IL-10 for 60 min at 4°C. Flow cytometric analysis of IL-10 binding to the PMN surface was performed by using biotinylated IL-10 and revealed by
to the PMN surface was performed with biotinylated IL-10 and revealed by FITC- FITC-avidin, as described iMaterials and Methods. The MFI of the sample incu-
avidin, as described iMaterials and Methods. The MFI of the sample incubated at bated at 37°C with PBS and then with the biotinylated irrelevant control was-4.5
37°C with PBS and then with the biotinylated irrelevant control was#4.6.3, and 0.3, and was not significantly modified by the incubation period. Values are means
was not modified by TNF stimulation. Values are meanSEM (n = 4). SEM (n= 5).

b Significantly different from sample incubated at 37°C with PBS alope<( b Significantly different from sample incubated at 37°C with PBS alope<(
0.05). 0.05).
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Table Ill. Differential effects of incubation with proinflammatory agents on IL-10 binding to the PMN
surface and on lactoferrin relea3e

IL-10 Binding Lactoferrin Release

Reagents MFI Sl ng/ml Sl
PBS 126+ 15 1 623+ 56 1
TNF (100 U/ml) 65.0+ 9.4 53+ 1.1° 2996+ 341° 49+0.7
GM-CSF (100 U/ml) 54.7+ 5.5° 4+0.7° 2299+ 214 3.8+ 0.4°
IL-8 (50 ng/ml) 16.0+ 3.0 1.3+ 0.1 744+ 96 1.2+ 0.1
IL-1 (100 U/ml) 20.0+ 3.0 1.5+ 0.2 857+ 101 1.3+ 0.1
LPS (5 ug/ml) 53.0* 4.8 39+0.2 2859+ 675 47+12
PMA (100 ng/ml) 57.7+ 9° 50+ 0.3 3501+ 760° 58+ 1.5

2Whole blood was incubated at 37°C for 30 min with PBS, TNF (100 U/ml), GM-CSF (100 U/ml), IL-8 (50 ng/ml), or IL-1
(2100 U/ml), or for 5 min with PMA (100 ng/ml). IL-10 binding was measured as describdthierials and Methods, by using
biotinylated IL-10 revealed by avidin-FITC and expressed as MFI. Lactoferrin was assayed with an ELISA method in the
supernatants obtained after centrifugation at 150§ for 15 min at 4°C as described Materials and Methods. The lactoferrin
content, measured in the total cavitas of isolated PMN, was 30:2D®45 ng/ml in 4.2+ 0.5 x 10° PMN. A Sl was calculated
as the ratio of agonist-treated versus PBS-treated samples. Values are-m8&ig (n = 5).

b Significantly different from sample incubated at 37°C with PBS alome<(0.05).

o
Furthermore pretreatment of whole blood with cycloheximide tent). The immunoreactive band detected in the total PMN cavitas, g
(20 pg/ml) for 15 min did not significantly modify TNF-induced specific/gelatinase granules, and membranes migrated to the sam%
binding of IL-10: the MFI values of samples preincubated with andregion as that obtained with a cavitas of mononuclear cells used asg&
without cycloheximide were similar (56% 11.2 vs 57.7+ 11.7, a positive control. Stimulation with PMA (100 ng/ml, 10 min at &
n = 3). This supported the hypothesis that IL-10R up-regulation37°C) induced a 60% increase of the 90-kDa band located in the &
was due to translocation of a pre-existing intracellular pool rathemembrane fraction as compared with unstimulated cells (Fig. 3) 2
than de novo protein synthesis. with no detectable decrease in the intensity of the specific granuleg_'

_ . . fraction. The amount of translocation from the specific/gelatinase =
Resting human PMN contain an intracellular pool of IL-10R  granules to the membranes after stimulation wa€% of the total
To investigate the existence of an intracellular pool of IL-10R in IL-10R content (as measured by scanning of the autoradiography).=.
resting human PMN, we performed intracellular immunostaining(Fig. 3). Similar results were obtained with TNF-stimulated PMN 3
after PMN permeabilization, using both flow cytometry and im- (data not shown).
munocytochemical staining. Flow cytometry, performed after ) . .
methanol permeabilization, revealed a pool of IL-10R in PMN. Differential effects of proinflammatory mediators on
The MFI of the sample incubated with a biotinylated mouse anti-degranulation of lactoferrin
IL-10R mAb (R&D Systems) and then with FITC-streptavidin was To explain the difference in the induction of IL-10 binding by the «
significantly higher than that of the control (biotinylated isotypic various proinflammatory agents and to confirm their differential
control and FITC-streptavidin) (4% 2 vs 25 *1, respectively). mobilizing effects of specific granules to the cell surface, we as- o)
Furthermore, the presence of intracellular IL-10R in PMN wassayed, in parallel to IL-10-binding, the extracellular release of lac- =
confirmed by immunocytochemistry: a rat anti-human IL-10R toferrin (a marker of specific granules; Ref. 44). As shown in Table 2
mAb (DNAX) yielded positive staining inside unstimulated PMN, 111, significant amounts of lactoferrin were released after 30 min of =
whereas no staining was observed with the negative isotype corstimulation with TNFe,, GM-CSF, and LPS as compared with the
trol (Fig. 1). Nevertheless, the staining was weaker than that obPBS control, whereas stimulation with IL-1 and IL-8 did not in-
served with the anti-CD11b Ab used as a positive control (data notluce significant lactoferrin release. The effects of TNF, GM-CSF,
shown). and LPS on lactoferrin release were similar to that of PMA, which

o ) N ) is known to induce strong degranulation, in particular of specific

Subcellular localization of IL-10R in specific/gelatinase gra”U|eSgranules. Variations of SI paralleled that of IL-10 binding using
To further localize the human PMN intracellular IL-10R pool, sub- the different agonists. In addition, the amount of lactoferrin re-
cellular fractionation of human PMN was performed. The purity of leased into the extracellular medium after TNF, GM-CSF, LPS,
fractionation was assessed by measuring the reference markers of
specific and azurophilic granules, lactoferrin and myeloperoxidaseT
respectively, in each fraction (azurophil granules, specific/gelati-
nase granules, membranes) and in the total cavitas, using ELISA
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able IV. Effects of PTX on IL-10 binding to the PMN surface

methods (R&D Systems). As shown in Table V, the measurements Reagents MF
showed>95% lactoferrin in the specific/gelatinase fraction and  PBS alone 11.2+ 1.3
>95% myeloperoxidase in the azurophil fraction, the other frac- PBS+ TNF 65.0+ 15.04
tions containi.n.g<5% pf each marker. ToFgI cavitas, membranes, E$§ i(;t)’\fu\; INTFNF %%gi ésséol
cytosol, specific/gelatinase, and azurophilic granule fractions were prx 1 mm + TNF 13.50+ 1.3%
immunoblotted. Fig. 2 shows the presence of a band@d kDa PTX 10 mM + TNF 5.0+ 0.4

(mlgr_atmg between the _77_ and 103""_3"" markers) in the SpeCIfIC/ 2Whole blood was preincubated at 37°C with PBS or PTX at various coneentra

gelatinase granule fraction as well as in the total PMN cavitas. Inions (1 M to 10 mM) for 5 min and then with TNF (100 U/ml, 30 min). Flow

contrast, no significant amounts of IL-10R were observed in thecytometric analysis of IL-10 binding to the PMN surface was performed using bio-
| in th hili | s I ts of IL lORtinyIated IL-10 and revealed by avidin-FITC, as describeMaterials and Methods.

cytosol or in the azurophilic granules. Small amounts of IL- Results are expressed as MFI. Values are meai@EM (n = 3).

were found in the membranes$% of the specific granule con- b Significantly different from samples incubated with PBSTNF (p < 0.05).
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FIGURE 2. Immunoblotting of IL-10R in human neutrophils. A total
cavitas, specific and azurophilic granules, membranes, and cytosol were
prepared as described Materials and Methods. Western blots were
probed with a rabbit anti-IL-10R polyclonal Ab. A positive control (mono-
nuclear cells) was loaded and blotted in parallel. The molecular masses of
protein standards are indicated in kilodaltons.

B by PMN in response to formyl peptides after TNF preincubation.
IL-10 was added after various times of TNF stimulation. Our re-

. sults showed that the inhibitory effect of IL-10 increased from 5%
{‘ when IL-10 was added simultaneously with TNF to a maximum of

- / 38 and 36% when IL-10 was added 15 and 30 min, respectively,
' \ after TNF treatment and thereafter decreased (Table VI). This
\ IL-10 inhibitory effect on Q" production paralleled the kinetic of
N increased IL-10 binding at the PMN surface (Table II).
e Discussion

This is the first report of an intracellular pool of IL-10R localized

| in specific human neutrophil granules, and their differential mobi-
& lization to the cell surface in response to inflammatory stimuli.
e IL-10 binding, which was very low at the surface of resting whole-
('”"‘ £ blood PMN, strongly increased as early as 10 min after preincu-
bation of whole blood with the proinflammatory reagents TNF,

GM-CSF, and LPS. In contrast, IL-1 and IL-8 did not significantly

£ ' A modify IL-10 binding to the PMN surface. Given the anti-

FIGURE 1. Immunocytochemical staining of intracellular IL-10R in inflammatory properties of IL-10, this differential modulation of
whole blood smearsA, Negative control: no staining with control 18, IL-10 binding could play a critical role in balancing beneficial and

Intracellular fuchsia staining was observed with the specific monoclonayetrimental PMN activities at inflammatory sites.

anti-IL-10R Ab. Smears were examined by light microscopy<a200. This study was performed with whole-blood PMN to minimize
cell activation related to isolation procedure (35). The low-level

and PMA Was“lp% of the total content of PMN as galculatgd binding of IL-10 to the surface of resting PMN, which confirms
from the lactoferrin content mgasured in the total cavitas of IS0-ata published by Bovolenta et al. (29), may explain the rarity of
lated PMN and PMN cour_lts in 1 ml of whole blood (mean data on the direct effect of IL-10 on PMN functions (17), whereas
SEM = 30,200 2545 ng in 4.2+ 0.5 x 10° PMN). IL-10 is widely reported to modulate LPS- and TNF-stimulated

TNF-induced up-regulation of IL-10 binding to the PMN surface functions such as proinflammatory cytokine down-regulation. We
was associated with increased inhibitory effect of IL-10 on PMN Cléarly show that IL-10 binding to the PMN surface is strongly and

oxidative burst

To assess the functional importance of the TNF-induced up-regu- & &
lation of IL-10R, we studied the effect of IL-10 on,Oproduction @“0 & <o°° &
S @(\ S i
- . . & o && S
Table V. Distribution of lactoferrin and myeloperoxidase among an\ Q& Qef’\ @ef‘\
subcellular fractions from nitrogen-cavitated human neutroghils 2 @
Lactoferrin Myeloperoxidase o
Cellular Fractions (%) (%)
L 11 !

Cavitas 100 100 Restin

Membrane <5 <5 g PMA

Cytosol <5 <5 FIGURE 3. Translocation of IL-10R from specific granules to the

Specific granules >95 <5 plasma membrane in PMA-stimulated PMN. PMN were incubated for 10

Azurophilic granules <5 >95 min in the presence or absence of PMA (100 ng/ml) at 37°C. Specific granules

2 Results are expressed as the percentage of the cavitas content of each mark@Rd membranes were prepared as describbthterials and MethodsNest-
Data are from a representative experiment. ern blots were probed with a rabbit anti-IL-10R polyclonal Ab.
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Table VI. Inhibitory effect of IL-10 on fMLP-induced ©production in parallel, in the same whole-blood conditions, the extracellular
by PMN after various times of TNF preincubatfon release of lactoferrin. We observed the same differential effects of
the proinflammatory mediators on lactoferrin release as on IL-10
) _ MFI U binding, with parallel variations in stimulation indices. These data
T'“;ié{,?g?,’b‘;{i;'f F INE + PBS  TNF+ IL-10 A;;,”,T_bl'ggn suggest thgt differenc_es in spe_cific_: granule mobilization could ex-
plain the differences in IL-10 binding.
0 1338+ 81 1250x7.4 5.2x3.1 That TNF, GM-CSF, LPS, and PMA induced increased IL-10
5 129584 1088+ 6.8 16.0= 5.7 binding is related to translocation from the specific granules to the
10 160.0+ 13.0 1252+ 14.F 222+2.6 . .
15 149.8+ 135 905+ 57 38.5-+5.8 me.mbr.ane.zs. is further supported by the observation that PTX,
30 148.0+ 46.8 85.8+ 16.4 36.5+ 7.0 which inhibits degranulation, completely reversed the effect of
45 1143+ 205 96.7- 4.4 10.7= 3.0 TNF on IL-10 binding to the PMN surface. In addition, we have
60 103.0+£ 9.7 100.3*= 3.2 4.7+ 3.0

previously shown that PMA- and TNF-induced vascular endothelial
2 After preincubation with HE (1500 ng/ml) for 15 minutes at 37°C, whole blood growth factor release from specific granules is inhibited by PTX (42).

was treated with TNF (100 U/ml) for various times. Then, II-10 or PBS was added t°LastIy PTX also reduced TNF-induced CD11b up-regulation at the
35 min, followed by fMLP (10°® mol/L) for 5 min. The MFI of the samples incubated !

with TNF, IL-10, or fMLP alone was always 20 and did not differ significantly rom ~ PMN surface (43).
that of the sample incubated with PBS alone. A low level of translocation of different molecules in PMN has

(TNbF;hf ,\’zeFrlc(e}”,\thgi ‘I’I_'lLo')l”?AF'TT'TF’K};?)”XW;‘SOEZ'CU'“" by using the ratio: MFI a0y shown to trigger a biological effect, e:g10% translocation
¢ Significantly different from samples treated with TNF and PBS. of p47phox is sufficient to induce NADPH oxidase activity with no
detectable decrease in the cytosolic fraction (48). It appears that
the low level of IL-10R translocation can indeed account for the
very rapidly (10 min) up-regulated by TNF, GM-CSF, LPS, and increased IL-10 binding and the biological effect of the cytokine.
PMA. The diminution of IL-10 binding observed after 45 and 60 Indeed, we demonstrated that IL-10 significantly inhibited PMN
min of TNF treatment was reversed by primaquine, an endocytosiexidative burst in response to formyl peptides when IL-10 was
inhibitor (40), suggesting an internalization of IL-10 receptors. added 15 or 30 min after TNF treatment. This kinetic pattern
This rapid up-regulation of IL-10 binding to the PMN surface, matched that of the increase in IL-10 binding during TNF incu-
together with the observation that cycloheximide did not inhibit bation, suggesting that TNF-induced up-regulation of IL-10 bind-
TNF-induced IL-10 binding, strongly suggested TNF-induceding to the PMN surface may play an important role in the regula-
translocation of a pre-existing pool of IL-10R instead of de novotion of inflammatory reactions by inhibiting neutrophil activation
synthesis of the receptor by PMN, at least at the early times studiednd thereby limiting tissue injury.
here. This intracellular pool of IL-10R was detected in permeabil- In addition to their role as phagocytic and killer cells, PMN can
ized neutrophils by both flow cytometry and immunocytochemis-produce and respond to numerous cytokines that regulate the im-
try, using two different Abs. It is noteworthy that these Abs did not mune processes. PMN potentiate inflammatory responses by re-
reveal IL-10R expression at the PMN surface by flow cytometry,leasing proinflammatory cytokines such as IL-8 and TNF, and gen-
even after optimal stimulation. These results are in keeping witherate ROS in response to various stimuli. Some proinflammatory g
the literature and with a low density of IL-10R expression on he-cytokines have been found to prime or activate PMN production of &
mopoietic cells (19, 20, 24, 26-28). The presence of IL-10R inROS. Thus PMN are a first line of defense against pathogens, andg
PMN was confirmed by Western blot analyses using another antiparticipate in the regulation of inflammatory responses. However, #
human IL-10R1 Ab on total extract of PMN disrupted by cavita- excessive or inappropriate PMN responses can lead to vascular org
tion, showing a band near the 90 kDa standard. The apparent massular injury. In acute settings, IL-10 production plays a major
lecular mass of-90 kDa is in keeping with previous data obtained role in establishing an anti-inflammatory balance, by down-regu-
with cell lines expressing rhiL-10R, and with mononuclear cellslating the inflammatory response and thereby limiting tissue dam-
(20, 26). age (49). Our results demonstrating that functional IL-10R may be
After subcellular fractionation, Western blotting also showedrapidly up-regulated by stimuli such as TNF, GM-CSF, and LPS,
the same band in the specific granule fraction, but not in cytosol owhich are potent inflammatory mediators, points to a potential in
in the azurophilic granules. A band ef5% the intensity of that vivo role of IL-10R in down-regulating PMN activities and
observed in specific granules was detected in the membrane frathereby preventing inappropriate inflammatory responses.
tion of resting PMN. The 60% increase in IL-10R observed in the In conclusion, this study shows that PMN contain an intracel-
membrane fraction after stimulation of PMN by PMA is in accor- lular pool of IL-10-receptors localized in specific granules. We
dance with data concerning rap proteins, predominantly associatealso observed increased IL-10 binding to the PMN surface after
with specific granules, which increase in similar amounts as IL-stimulation with LPS and the proinflammatory cytokines TNF and
10R in the plasma membranes following PMA stimulation (45). GM-CSF, but not with IL-1 and IL-8. This differential enhance-
The low level of translocation from the specific granules to the cellment of IL-10 binding was related to differential mobilization of
surface (10% of the total specific granule IL-10R pool) is in ac-the relevant specific granules by these agents. Differential modu-
cordance with previous reports concerning proinflammatory meiation of IL-10 binding may play a key role in optimal regulation
diator-induced degranulation of other molecules located in specifiof inflammatory responses.
granules, i.e., lactoferrin and vitamin B-12-binding protein, in con-
trast to observations for molecules in the more easily mobilizableAcknowledgments
granules such as secretory vesicles (46, 47). This low level ofve thank Dr. Kevin W. Moore from DNAX Research Institute (Palo Alto,
degranulation of specific granules was confirmed here with TNFCA) for providing the 3F9 anti human IL-10R mAb.
GM-CSF, and LPS, which all induced a release~af0% of the
total lactoferrin content in our experimental conditions (Table I1l). References
To further understand the differences between TNF, GM-CSF, 1. Babior, B. M. 1984. Oxidants from phagocytes: agents of defense and destruc-
and LPS on the one hand and IL-1 and IL-8 in contrast in the 2. tII-IOaan(:15;1|03dl\(/I341995£?5 Leukocyte-endothelial interactidi®od 65:513.
enhancement of IL-10 binding to the PMN surface, we measureds. Marx, J. L. 1987. Oxygen free radical linked to many diseaSeence 235:529.

[:mmmy/:dny wouy pepeojumod

/BJo" jounwiw |

220z ‘T wren


http://www.jimmunol.org/

The Journal of Immunology

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

. Moore, K. W., A. O'Garra, R. de Waal Malefyt, P. Vieira, and T. R. Mosmann. 28.

1993. Interleukin-10Annu. Rev. Immunol. 11:165.

. de Vries, J. E. 1995. Immunosuppressive and anti-inflammatory properties of
29.

interleukin-10.Ann. Med. 27:537.

. Mosmann, T. R. 1994. Properties and functions of interleukinrAti0. Immunol.

56:1.

. Cassatella, M. A. 1998. The neutrophil: one of the cellular targets of interleukin-

10. Int. J. Clin. Lab. Res. 28:148.

terleukin-10 inhibits the release of proinflammatory cytokines from human poly-
morphonuclear leukocytes: evidence for an autocrine role ofd &fd IL-18 in
mediating the production of IL-8 triggered by lipopolysaccharigleExp. Med.
178:2207.

. Cassatella, M. A., L. Meda, S. Gasperini, F. Calzetti, and S. Bonora. 1994. In-

terleukin-10 upregulates IL-1 receptor antagonist production from lipopolysac-

charide-stimulated human polymorphonuclear leukocytes by delaying mRNA32.

degradation. J. Exp. Med. 179:1695.

Cassatella, M. A. 1999. Neutrophil-derived proteins: selling cytokines by the
pound.Adv. Immunol. 73:369.

Kasama, T., R. M. Strieter, N. W. Lukacs, M. D. Burdick, and S. L. Kunkel.
1994. Regulation of neutrophil-derived chemokine expression by IL310n-
munol. 152:3559.

Marie, C., C. Pitton, C. Fitting, and J. M. Cavaillon. 1996. IL-10 and IL-4 syn-
ergize with TNFe to induce IL-1ra production by human neutrophi@ytokine
8:147.

Wang, P., P. Wu, J. C. Anthes, M. I. Siegel, R. W. Egan, and M. M. Billah. 1994.
Interleukin-10 inhibits interleukin-8 production in human neutroptBigod 83:
2678.

Bussolati, B., F. Mariano, G. Montrucchio, G. Piccoli, and G. Camussi. 1997.
Modulatory effect of interleukin-10 on the production of platelet-activating factor
and superoxide anions by human leukocytasnunology 90:440.

Capsoni, F., F. Minonzio, A. M. Ongari, V. Carbonelli, A. Galli, and C. Zanussi. 37.

1997. Interleukin-10 down-regulates oxidative metabolism and antibody-depen-
dent cellular cytotoxicity of human neutrophilScand. J. Immunol. 45:269.
Chaves, M. M., A. A. Silvestrini D. N. Silva-Teixceira,

J. A. Nogueira-Machado. 1996. Effect in vitro gfinterferon and interleukin-10
on generation of oxidizing species by human granulocytéamm. Res. 45:313.

Laichalk, L., J. M. Danforth, and T. J. Standiford. 1996. Interleukin-10 inhibits 39.

neutrophil phagocytic and bactericidal activiBEMS Immunol. Med. Microbiol.
15:181.

Donnelly, R. P., H. Dickensheets, and D. S. Finbloom. 1999. The interleukin-1040.

signal transduction pathway and regulation of gene expression in mononuclear
phagocytesJ. Interferon Cytokine Res. 19:563.

Ho, A.S. Y., Y. Liu, T. A. Khan, D. H. Hsu, and J. F. Bazan. 1993. A receptor 41.

for interleukin-10 is related to interferon receptoPsoc. Natl. Acad. Sci. USA
90:11267.

Liu, Y., R. W. Malefyt, F. Briere, C. Parham, J. M. Bridon, J. Banchereau, 42.

K. W. Moore, and J. Xu. 1997. The EBV IL-10 homologue is a selective agonist
with impaired binding to the IL-10 receptad. Immunol. 158:604.

Kotenko, S. V., C. D. Krause, L. S. Izotova, B. P. Pollack, W. Wu, and S. Pestka43.

1997. Identification and functional characterization of a second chain of the in-
terleukin-10 receptor compleMBO J. 16:5894.

Spencer, S. D., F. Di Marco, J. Hooley, S. Pitts-Meek, M. Bauer, A. M. Ryan, 44,

B. Sordat, V. C. Gibbs, and M. Aghet. 1998. The organ receptor CRF2-4 is an
essential subunit of the interleukin 10 receptbrExp. Med. 187:571.

Tan, J. C., S. Braun, H. Rong, R. DiGiacomo, E. Dolphin, S. Baldwin,
S. K. Narula, P. J. Zadovny, and C. C. Chou. 1995. Characterization of recom-
binant extracellular domain of human interleukin-10 recepforBiol. Chem.
270:12906.

Carson, W. E., M. J. Lindemann, R. Baiocchi, M. Linett, J. C. Tan, C. C. Chou,

S. Narula, and M. A. Caligiuri. 1995. The functional characterization of inter- 47.

leukin-10 receptor expression on human natural killer c&leod 85:3577.
Jurlander, J., C. F. Lai, J. Tan, C. C. Chou, C. H. Geisler, J. Schriber,
L. E. Blumenson, S. K. Narula, H. Baumann, and M. A. Caligiuri. 1997. Char-

acterization of interleukin-10 receptor expression on B-cell chronic lymphocytic 48.

leukemia cellsBlood 89:4146.

Liu, Y., S. H. Y. Wei, A. S. Y. Ho, R. de Waal Malefyt, and K. W. Moore. 1994.
Expression, cloning and characterization of human IL-10 receftdmmunol.
152:1821.

Tan, J. C., S. R. Indelicato, S. K. Narula, P. J. Zavodny, and C. C. Chou. 1993.
Characterization of interleukin-10 receptors on human and mouse &eB#l.
Chem. 268:21053.

30.
. Cassatella, M. A, L. Meda, S. Bonora, M. Ceska, and G. Constatin. 1993. In-

31.

33.

34.

35.

36.

and 38.

45,

46.

49.

5207

Weber-Nordt, R. M., M. A. Meraz, and R. D. Schreiber. 1994. Lipopolysaccha-
ride-dependent induction of IL-10 receptor expression on murine fibroblasts.
J. Immunol. 153:3734.

Bovolenta, C., S. Gasperini, P. P. McDonald, and M. A. Cassatella. 1998. High
affinity receptor for IgG (FgRI/CD64) gene and stat protein binding to the IFN-
response region (GRR) are regulated differentially in human neutrophils and
monocytes by IL-10J. Immunol. 160:911.

Elbim, C., S. Chollet-Martin, S. Bailly, J. Hakim, and M. A. Gougerot-Pocidalo.
1993. Priming of polymorphonuclear neutrophils (PMN) oxidative burst by tu-
mor necrosis factoa in whole blood: identification of two PMN subpopulations

in response to formyl-peptideBlood 82:633.

Elbim, C., S. Bailly, S. Chollet-Martin, J. Hakim, and M. A. Gougerot-Pocidalo.
1994. Differential priming effects of proinflammatory cytokines on human neu-
trophil oxidative burst in response to bacterial N-formyl peptidiefect. Immun.
62:2195.

Yee, J., and N. V. Christou. 1993. Neutrophil priming by lipopolysaccharide
involves heterogeneity in calcium-mediated signal transduction: studies using
fluo-3 and flow cytometryJ. Immunol. 150:1988.

Topham, M. K., H. J. Carveth, T. M. Mcintyre, S. M. Prescott, and
G. A. Zimmerman. 1998. Human endothelial cells regulate polymorphonuclear
leukocyte degranulatiofr=ASEB J. 12:733.

Cassatella, M. 1995. The production of cytokines by polymorphonuclear neutro-
phils. Immunol. Today 16:21.

Macey, M. G., D. A. McCarthy, S. Vordermeier, A. C. Newland, and
K. A. Brown. 1995. Effects of cell purification methods on CD11b and L-selectin
expression as well as the adherence and activation of leukodytésmunol.
Methods 181:211.

Elbim, C., S. Pillet, M. H. Prevost, A. Preira, P. M. Girard, N. Rogine,
H. Matusani, J. Hakim, N. Israel, and M. A. Gougerot-Pocidalo. 1999. Redox and
activation status of monocytes from human immunodeficiency virus-infected pa-
tients: relationship with viral load. J. Virol. 73:4561.

Rothe, G., and G. Valet. 1990. Flow cytometric analysis of respiratory burst
activity in phagocytes with hydroethidine and 2',7’-dichlorofluorestih.euko-

cyte Biol. 47:440.

El Benna, J., P. M. C. Dang, M. Gaudry, M. Fay, F. Morel, J. Hakim, and
M. A. Gougerot-Pocidalo. 1997. Phosphorylation of the respiratory burst oxidase
subunit p67phox during human neutrophil activatidnBiol. Chem. 27:17204.
Borregaard, N., J. M. Heiple, E. R. Simons, and R. A. Clark. 1983. Subcellular
localization of the b-cytochrome component of the human neutrophil microbici-
dal oxidase: translocation during activation. J. Cell Biol. 97:52.

Davis, W., P. T. Harrison, M. J. Hutchinson, and J. M. Allen. 1995. Two distinct
regions of FgRI initiate separate signalling pathways involved in endocytosis
and phagocytosiEMBO J. 14:432.

Richter, J., T. Andersson, and I. Olsson. 1989. Effect of tumor necrosis factor and
granulocyte/macrophage colony-stimulating factor on neutrophil degranulation.
J. Immunol. 142:3199.

Gaudry, M., O. Bregerie, V. Andrieu, J. El Benna, M. A. Pocidalo, and J. Hakim.
1997. Intracellular pool of vascular endothelial growth factor in human neutro-
phils. Blood 90:4153.

Elbim, C., M. Lefebvre, J. Hakim, and M. A. Gougerot-Pocidalo. 1995. Effects of
pentoxifylline on human polymorphonuclear neutrophil responses to TNF in
whole blood.Eur. Cytokine Netw. 6:113.

Borregaard, N., and J. B. Cowland. 1997. Granules of the human neutrophilic
polymorphonuclear leukocyt®lood 89:3503.

Maridonneau-Parini, I., and J de Gainsburg. 1992. Association of rapl and rap2
proteins with the specific granules of human neutrophils: translocation to the
plasma membrane during cell activation. J. Biol. Chem. 267:6396.

English, D., and V. Graves. 1992. Simultaneous mobilization of Mac-1 (CD11b/
CD18) and formyl peptide chemoattractant receptors in human neutrdploitsi
80:776.

Kjeldsen, L., D. F. Bainton, H. Sengelov, and N. Borregaard. 1993. Structural and
functional heterogeneity among peroxidase-negative granules in human neutro-
phils: identification of a distinct gelatinase-containing granule subset by com-
bined immunocytochemistry and subcellular fractionat®lnod 82:3183.

Faust, L. P., J. El Benna, B. M. Babior, and S. J. Channock. 1995. The phos-
phorylation targets of p47phox, a subunit of the respiratory burst oxidase: func-
tions of the individual target serines as evaluated by site-directed mutagenesis
J. Clin. Invest. 96:1499.

Van der Poll, T., R. de Waal Malefyt, S. Coyle, and S. Lowry. 1997. Anti-
inflammatory cytokine responses during clinical sepsis and experimental endo-
toxemia: sequential measurements of plasma soluble IL-1 receptor type Il, IL-10
and IL-13.J. Infect. Dis. 175:118.

2202 ‘YT Yoe N uo 1s9nb Aq /6.0 jounwiw i [-mamm//:diy wioJ papeojumoq


http://www.jimmunol.org/

