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Abstract

Production of the neutrophil-activating peptide (NAP)-l/IL-8
by mononuclear phagocytes from patients with RA and from
control subjects was studied under various conditions. Mononu-
clear cells from bone marrow (BMMC), PBMC, and synovial
fluid (SFMC) were cultured for up to 48 h in the absence or
presence of Escherichia coli LPS, different interleukins, inter-
feron-gamma, zymosan, or immune complexes, and the neutro-
phil-stimulating activity released into the culture medium was
determined. As shown by neutralization with an antiserum
raised against human recombinant NAP-1/IL-8, over 90% of
this activity could be attributed to NAP-1/IL-S.

In unstimulated mononuclear cells from control individuals
and BMMCfrom RApatients, the production of NAP-l/IL-8
was very low and was enhanced moderately by stimulation with
LPS. By contrast, the spontaneous production of NAP-1/IL-S
was 3- to 10-fold higher in PBMCand even much higher in
SFMCfrom RApatients. In all instances, the yield of NAP-I/
IL-8 could be enhanced by stimulation in culture. In addition to
LPS, rheumatoid factor-containing immune complexes, zymo-
san, and IL-I were highly effective in inducing NAP-i/IL-8
production, while IL-3, GM-CSF, tumor necrosis factor
(TNF), and IL-2 were somewhat less potent. An inhibitory ef-
fect was obtained with IFN-gamma, which significantly de-
creased the spontaneous NAP-I /IL-8 release from SFMCand
the IL-I- and LPS-induced NAP-i/IL-8 from RAand control
PBMC. Inhibition was also observed with glucocorticoids. The
production of NAP-I /IL-8 was markedly reduced by dexameth-
asone in phagocytosis-stimulated PBMC, and almost totally
inhibited in SFMCobtained from joints after intraarticular ad-
ministration of betamethasone. By contrast, the cyclooxygen-
ase inhibitor, indomethacin, tended to increase the NAP-I/IL-
8 yield from PBMCin culture. (J. Clin. Invest. 1991. 87:463-
469.) Key words: mononuclear phagocytes - peripheral blood .
synovial fluid * immune complexes * cytokines

Introduction

Neutrophil migration and activation at inflammatory sites de-
pend on a complex series of interrelated humoral and cellular
control mechanisms that regulate the generation and expres-
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sion of neutrophil directed stimuli and modulate the activity of
the responding cells. In RA, neutrophils migrating into the sy-
novial membrane and the synovial fluid may be exposed to a
number of mediators such as C5a formed upon complement
activation (1) and several products secreted by endothelial and/
or mononuclear cells like platelet-activating factor, leukotriene
B4 (2, 3), IL- 1, and tumor necrosis factor-alpha (TNF)' (4, 5).
Neutrophils contain a wide spectrum of cartilage-degrading en-
zymes (6) which, upon stimulation, can be released along with
cytotoxic oxygen metabolites. Activated neutrophils, therefore,
may contribute, besides mononuclear phagocytes, chondro-
cytes, and other cells, to tissue damage at sites of inflammation.

A novel monocyte-derived cytokine that specifically inter-
acts with neutrophils has been described recently. Purification
and sequence analysis studies performed in several laboratories
led to the identification of a 72-amino acid peptide, that ini-
tially became known as MDNCFfor monocyte-derived neutro-
phil chemotactic factor (7), MONAPfor monocyte-derived
neutrophil-activating peptide (8) and NAFfor neutrophil-acti-
vating factor (9). Presently the term neutrophil-activating pep-
tide (NAP)-I/IL-8 is most widely accepted (10). NAP-1/IL-8
presumably plays a major role in neutrophil diapedesis through
vascular endothelium and focal recruitment at inflamed sites.
This notion is supported by the observation that upon expo-
sure to IL- 1 or TNF, endothelial cells not only express adhesion
proteins (1 1, 12) that promote their interaction with circulating
neutrophils, but also produce NAP-1/IL-8 (13, 14). In addi-
tion, human fibroblasts express NAP- 1 /IL-8 mRNAin re-
sponse to IL- 1 or TNF (15), and human synovial cells release
neutrophil-stimulating activity when challenged with IL- 1
(16). NAP- I /IL-8 is also effective in vivo. Intradermal injection
in rabbits results in plasma exudation and massive neutrophil
infiltration (17). Similar observations were made in rats, mice,
guinea pigs, and dogs (Zwahlen, R., et al., manuscript in prepa-
ration).

Wehave studied the production ofNAP- I /IL-8 by mononu-
clear phagocytes obtained from RApatients and healthy indi-
viduals. These results show that blood and synovial mononu-
clear phagocytes from RApatients, in contrast to blood mono-
cytes from control individuals, release NAP- 1 /IL-8
spontaneously, and that NAP- I /IL-8 production by these cells
is further enhanced by stimulation in culture.

Methods

Subjects. 43 patients satisfying the American Rheumatism Association
criteria for RA (18) were included in this study. 34 were seropositive

1. Abbreviations used in this paper: BMMCand SFMC, bone marrow
and synovial fluid mononuclear cells; hrNAP, human recombinant
neutrophil-activating peptide; GM-CSF, granulocyte/macrophage col-
ony-stimulating factor; RF-IC, rheumatoid factor-containing immune
complexes; TNF, tumor necrosis factor.
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and 9 seronegative according to latex fixation and Waaler-Rose tests
for rheumatoid factor. All patients received nonsteroidal antiinflam-
matory drugs. Additional medication was low dose steroids (predni-
sone 7.5 mg/d or less; 16 patients), gold salts ( 14 patients), D-penicilla-
mine (6 patients), chloroquine diphosphate (6 patients), or salazopyr-
ine (2 patients). None of the patients received immunosuppressants.
The control population consisted of 24 healthy hospital workers and 19
patients with degenerative spine disease of which only 8 received anal-
gesics. Disease duration in RA patients was 0.5-12 yr. Patients with
other diseases, in particular intercurrent infections, were excluded.

Cell preparations. Mononuclear cells were isolated from heparin-
ized bone marrow blood (4 control subjects and 4 RApatients), hepa-
rinized venous blood (43 control subjects and 43 RA patients), and
knee synovial fluid (12 RApatients) by standard Ficoll-Hypaque frac-
tionation (19). The cells were washed three times in PBS and resus-
pended in culture medium (106 cells/ml). Cell viability was tested by
trypan blue exclusion (90-96% viable cells) and the number of mono-
cytes (varying between 16-54%) was determined after staining for non-
specific esterase (20) and by the monoclonal antibody Leu M3(Becton
Dickinson, Heidelberg, FRG). Monocyte content was 16-28% in
PBMCfrom healthy controls, 26-54% in PBMC, and 24-36% in
SFMCfrom RA patients. Routinely, total mononuclear cell fractions
were cultured. In a few selected experiments isolated monocytes pre-
pared by adherence (25) were also used.

Culture conditions. The culture medium consisted of DMEMsup-
plemented with 100 IU/mI penicillin/streptomycin (Gibco AG, Basel,
Switzerland), 25 mMNaHCO3, 20 mMHepes, 200 mML-glutamine,
and 1% pasteurized plasma protein solution (5% PPL SRK; Swiss Red
Cross Laboratory, Bern, Switzerland). 2 x 10' cells in 0.2 ml medium
were incubated in flat bottom microtiter plates (Nunc, Roskilde, Den-
mark) in a humidified atmosphere of 5%CO2at 370C for 8, 24, or 48 h.
From each well, duplicate portions of 50 /d of the cell-free medium
were then transferred to a second plate for determination of neutrophil-
stimulating activity, and stored at -70'C until use. Where indicated,
culturing was performed in the presence of various human recombi-
nant cytokines. The following concentrations, which had previously
been shown to induce optimum production of NAP-1/IL-8 in PBMC
and SFMC, were used: IL-I-beta (10 ng/ml; Glaxo, Geneva, Switzer-
land), IL-2 (200 U/ml; Glaxo), granulocyte/macrophage colony-stimu-
lating factor (GM-CSF) (100 U/ml; Sandoz Ltd., Basel, Switzerland),
IL-3 (100 U/ml; Sandoz Ltd.), TNF-alpha (10 ng/ml; Hoffmann-La
Roche Ltd., Basel, Switzerland), and IFN-gamma (100 U/ml; Biogen,
Laupheim, FRG). In addition, E. coli LPS (100 ng/ml; Gibco AG),
zymosan and/or C3b-opsonized zymosan (1 mg/ml; Sigma Chemical
Co., Munich, FRG), and immune complexes (see below) were used as
stimuli. In some experiments, polymyxin B (100 U/ml; Sigma Chemi-
cal Co.) was used to prevent possible LPS effects. Solutions were made
in pyrogen-free PBS or saline.

Preparation of immune complexes. Immune complexes were
freshly prepared for each experiment. Heat-aggregated IgG (IgG-IC)
was obtained by heating 10 mg/ml human IgG (Sigma Chemical Co.)
for 60 min at 63°C. After centrifugation at 15,000 rpm for 15 min and
washing three times in PBS, the IgG aggregates were suspended in sa-
line. To obtain rheumatoid factor-containing immune complexes (RF-
IC) 10 mghuman IgG was heat aggregated and then incubated over-
night at 4°C with 10 ml serum from an individual RA patient with a
Waaler-Rose titer of at least 1:256. In parallel, 10 mgheat-aggregated
human IgG was incubated with 10 ml normal serum from a young
healthy donor containing neither IgM nor IgG rheumatoid factors (IC).
RAand normal sera were not decomplemented. The cryoprecipitates
were centrifuged at 15,000 rpm for 15 min, washed three times in PBS,
and finally suspended in saline. IgG-IC, RF-IC, and IC were used at 10
gg/ml after preliminary experiments performed with 1, 10, and 100
jtg/ml had shown maximum stimulation of NAP-1/IL-8 release from
PBMCof controls and RA patients and from SFMCat 10 jig/ml.

NAP-J/IL-8 bioassay. A microtiter plate assay for elastase release
from human neutrophils treated with cytochalasin B was used to deter-
mine neutrophil-stimulating activity (21). Each assay was calibrated

with standard concentrations (0.1-30 nM) of human recombinant
NAP- 1/IL-8 (hrNAP- I/IL-8) (22). The neutrophil-stimulating activity
in the culture supernatants was expressed in NAP- 1 /IL-8 equivalents,
as calculated from the amount of hrNAP-l/IL-8 inducing the same
level of elastase release. This value was adjusted for 2 X 10' monocytes
on the basis of the number of monocytes determined in the mononu-
clear cell preparation used.

Anti-NAP- I /IL-8 antiserum was kindly provided by S. L. Kunkel,
University of Michigan Medical School, Ann Arbor, MI. Neutraliza-
tion of the biological activity of NAP-1/IL-8 was shown in bioassays
performed in the presence and absence of NAP- 1/IL-8 antiserum (di-
luted 1:500).

Statistics. The statistical evaluation of the data was performed by
the Mann-Whitney ranked-sum test.

Results

Spontaneous release of neutrophil-stimulating activity. PBMC
and SFMCwere cultured for up to 48 h, and neutrophil-stimu-
lating activity was determined in the medium. As shown in Fig.
1 A, the activity increased linearly in a time-dependent manner
with PBMCfrom both healthy individuals and RA patients.
The yield obtained with cells from RA patients was 3- to 10-
fold higher than that of the controls and showed marked inter-
individual variations. Similar results were obtained with cul-
tures of isolated monocytes instead of mononuclear cell frac-
tions. By far the highest yields, however, were observed with
the mononuclear cells from the synovial fluid. As shown by
direct comparison, SFMCproduced 6-10 times more neutro-
phil-stimulating activity than PBMCfrom the same RA pa-
tients (Fig. 1 B). In accordance with this finding, NAP-1/IL-8
was detected in the synovial fluid of six RA patients (0.2-5.0
pmol/ml).

Effect of LPS. It has been repeatedly shown that LPS is one
of the most potent inducers of NAP- l/IL-8 in human mono-
cytes (10). In this study we found that LPS also enhanced the
production of neutrophil-stimulating activity by mononuclear
cells from RA patients. LPS had maximum effects at concen-
trations of 1 ng/ml with cells from RApatients and 5-10 ng/ml
with cells from control individuals, and was used routinely at
100 ng/ml. The LPS-dependent induction of neutrophil-stimu-
lating activity in mononuclear cells from different sources is
shown in Fig. 2. The response of bone marrow-derived cells
was moderate and of similar extent for controls and RA pa-
tients. With PBMCthe effect was more pronounced, and
higher yields of neutrophil-stimulating activity were consis-
tently obtained with PBMCfrom RA patients. The strongest
responses were observed with SFMC. In each single experiment
LPS significantly enhanced the production of neutrophil-
stimulating activity, and the degree of enhancement was inde-
pendent of the level of spontaneous production.

Effects ofdifferent cytokines, immune complexes andphago-
cytosis. In order to identify mediators that might induce the
production of neutrophil-stimulating activity within rheuma-
toid joints, PBMCand SFMCwere cultured in the presence of
a variety of cytokines that are known to be formed in the in-
flamed synovium. In addition, RF-IC, LPS, and zymosan par-
ticles were used as stimuli. As shown by the yield after 24 h and
in particular after 48 h, RF-IC, LPS, zymosan, IL-1, IL-3, and
GM-CSFare powerful inducers ofneutrophil-stimulating activ-
ity in PBMCboth from control individuals and RA patients.
Since similar effects were observed with either non-opsonized
or C3b-opsonized zymosan, only data obtained with non-op-
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Figure 1. Time course of spontaneous release of
neutrophil-stimulating activity from mononuclear

5fi c cells. (Left) PBMCfrom ten normal subjects (o)
and ten RA patients (-) were cultured for 8, 24, and
48 h and the culture supernatants were tested for
NAP- l/IL-8-like activity. The difference between
controls and RA patients was statistically significant

C (P < 0.001). (Right) Spontaneous release of
b neutrophil-stimulating activity by PBMC(o) and

48 SFMC(n) from three RA patients (a, b, c).
Neutrophil-stimulating activity is expressed as

described in Methods.

sonized particles are presented. IFN-gamma, TNF, and IL-2
were less potent (Fig. 3 A). In agreement with the results ob-
tained with LPS, all stimuli were more effective on PBMCfrom
RApatients than from healthy individuals. The difference was

statistically significant in all cases. A similar pattern of re-

sponses was observed with SFMCwith the notable exception of
IFN-gamma which was inhibitory (Fig. 3 B). In SFMC, RF-IC,
IL-1, and LPS were the most effective stimuli.

In view of the high stimulatory effect of RF-IC, three differ-
ent immune complex preparations (RF-IC, IC, IgG-IC) were

compared in a further series of experiments. As shown in Table
I, all preparations were active, and similar effects were obtained
with IC and IgG-IC as with RF-IC on PBMCfrom RApatients
and normal controls.

To exclude the possibility of LPS contamination as a cause

of stimulation, the effects of polymyxin B, added at 100 U/ml
to immune complex, cytokine, and zymosan preparations,
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Figure 2. Spontaneous and LPS-induced release of neutrophil-
stimulating activity from BMMC,PBMC, and SFMC. BMMCfrom
four control subjects (o) and RA patients (-), PBMCfrom eight
control subjects (o) and RA patients (-), and SFMCfrom seven RA
patients (*) were cultured for 48 h with or without 100 ng/ml LPS
(left and right in each group, respectively). Significant differences were

observed between spontaneous release by PBMCand SFMC(P
< 0.05) and BMMCand PBMC(P < 0.001) from RApatients as well
as between LPS-induced release by BMMCand PBMCfrom control
subjects and RA patients (P < 0.005).

were studied. Polymyxin B decreased the effect of 100 ng/ml
LPS by at least 80%, but did not influence the response to the
other stimuli. Polymyxin B also did not affect the release of
neutrophil-stimulating activity by control and RA PBMCin
the absence of added stimuli (data not shown).

NAP-J/IL-8 identification. To show unequivocally that the
neutrophil-stimulating activity in the culture supernatants
corresponded to NAP- I /IL-8, neutralization experiments with
an antiserum raised against hrNAP- l/IL-8 (anti-NAP- l/IL-8)
were performed. As shown in Table II A, anti-NAP- l/IL-8 pre-
vented elastase release by human neutrophils induced by
hrNAP- l/IL-8, but not by FMLPor C5a, showing that it can be
used to inactivate NAP-1/IL-8 selectively. The effect of anti-
NAP-1/IL-8 on the neutrophil-stimulating activity in the cul-
ture supernatants of PBMCfrom five RApatients is shown in
Table II B. Onaverage, the antiserum inhibited the neutrophil-
stimulating activity that was released spontaneously or after
stimulation with LPS, RF-IC, zymosan, or IL- 1 between 92
and 99%. This indicates that virtually all neutrophil-stimulat-
ing activity released by the PBMCwas due to NAP-1/IL-8.

Effect of IFN-gamma. When studying the responses to
various cytokines, we were surprised to find that IFN-gamma,
which is a generally accepted macrophage activator (23), de-
creased the spontaneous release ofneutrophil-stimulating activ-
ity by SFMC(Fig. 3 B). This effect was also observed in stimu-
lated PBMC. As shown in Fig. 4, IFN-gamma inhibited the
enhancing effect of LPS and IL- 1 on the production of neutro-
phil-stimulating activity by PBMCfrom both RApatients and
healthy controls.

Effect of indomethacin and glucocorticoids. It is well known
that the release and oxygenation of arachidonic acid is stimu-
lated in monocytes from RA (24-28). Wehave, therefore, ex-

amined the effect of inhibition of prostaglandin synthesis (by
indomethacin) and the presumed inhibition of phospholipase
A2 (by dexamethasone) on the production of neutrophil-stimu-
lating activity by PBMC. Indomethacin clearly enhanced the
zymosan-induced release of neutrophil-stimulating activity
from PBMCof normal individuals and RApatients (Fig. 5). In
unstimulated and LPS-stimulated PBMCthe effect of indo-
methacin was minimal.

By contrast, as shown in Fig. 6, the strong inductive effect of
zymosan, in either control or RA PBMC, was almost totally
inhibited by dexamethasone at concentrations ranging be-
tween 10-9- 1 0- M. Since glucocorticoids are often used intra-
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Figure 3. Effect of various cytokines, LPS, zymosan, and RF-IC on

production of neutrophil-stimulating activity by mononuclear cells.
(Upper) PBMCfrom eight normal individuals (o) and eight RA
patients (e) were cultured with or without the indicated agent for 48
h. Neutrophil-stimulating activity is presented as the difference
between release from stimulated and unstimulated cells. Single values
(circles) and means (columns) are shown. Statistical difference
between effects on cells from normal controls and RA patients was P
= 0.01 for IL-2, P < 0.05 for TNF, P < 0.001 for IFN-gamma, P
= 0.02 for GM-CSF, P = 0.002 for IL-3, P = 0.01 for IL-1, P = 0.001
for LPS, P = 0.005 for zymosan, and P < 0.001 for RF-IC. (Lower)
SFMCfrom six RA patients were incubated with or without the
indicated agent for 48 h. Statistical difference between stimulated and
spontaneous release of neutrophil-stimulating activity was P = 0.05
for IFN-gamma, P < 0.05 for IL-3, P < 0.02 for GM-CSFand
zymosan, P = 0.005 for TNF, and P< 0.005 for LPS, IL- 1, and RF-IC.

articularly to treat synovitis, we studied the release of neutro-
phil-stimulating activity by SFMCfrom 4 RA patients before
and 2 wk after intraarticular injection of 5 mgbetamethasone-
dipropionate and 2 mg betamethasone-disodiumphosphate.
This treatment dramatically reduced the spontaneous and
LPS-dependent release of neutrophil-stimulating activity and
decreased the total number of leukocytes as well as the percent-
age of neutrophils in the synovial fluid (Table III).

Discussion

In this study NAP-1/IL-8 production by mononuclear cells
from RA patients and healthy individuals was compared. It

Table L Induction of NAP-J/IL-8 Production in PBMC
by Different Immune Complexes

NAP- I/IL-8

Subjects No stimulus RF-IC IC IgG-IC

pmol/2 X 105 monocytes*

Controls
Experiment 1 1.4 6.75 6.0 7.7
Experiment 2 0 9.6 8.9 14.0
Experiment 3 0.55 8.35 7.2 11.9

RA patients
Experiment 1 7.0 23.5 25.5 41.5
Experiment 2 10.5 44.5 37.5 43.0
Experiment 3 4.0 21.5 18.0 10.5

* Mean of quadruplicate samples of 2 x 10 PBMCcultured for 48 h.

was found that the cells from RA patients produce high
amounts of neutrophil-stimulating activity, and that this activ-
ity can be attributed almost entirely to NAP-1/IL-8. Cultures
of mononuclear cells from bone marrow, peripheral blood, and
synovial fluid were compared. By far the highest production,
both in the absence and presence of added stimuli, was ob-
tained with cells isolated from synovial fluid. Furthermore,
NAP-1/IL-8 release from PBMCof RA patients was several-
fold higher than from PBMCof healthy individuals (P
< 0.001). LPS, IL- 1, zymosan, and immune complexes (in-
cluding rheumatoid factor-containing immune complexes)
were found to be very effective inducers of NAP- 1/IL-8 produc-
tion.

Our results suggest that rheumatoid factor-containing im-
mune complexes and IL- 1, which are produced in large
amounts in the inflamed synovium (29-32), are likely to be
important mediators of NAP- 1/IL-8 generation in rheumatoid
joints. The comparison of the yield of NAP- 1/IL-8 in cells from
the bone marrow, peripheral blood, and synovial fluid indi-
cates that differentiation and activation increase the capacity of
the mononuclear phagocytes to produce NAP- I /IL-8. The high
level of spontaneous NAP-1/IL-8 release by SFMCsuggests
that these cells are activated and that inducers are present in the
synovial fluid. This notion is supported by the recent finding of
appreciable amounts of NAP-1/IL-8 in synovial fluids from
RApatients. Enhanced HLA-DRexpression, another parame-
ter of activation, has been observed in synovial fluid and syno-
vial membrane mononuclear cells from arthritic joints
(33-35).

In addition to C5a, which is generated mainly through im-
mune complex-dependent complement activation, NAP- 1 /IL-
8 must be considered a major mediator of the continuous accu-
mulation and activation of neutrophils, which contributes to
the amplification and perpetuation of the inflammatory pro-
cess. Besides mononuclear phagocytes, fibroblasts and syno-
viocytes have been shown to produce NAP- 1/IL-8 upon stimu-
lation with IL-1 (10, 16, 36), indicating that this neutrophil
attractant is presumably also released by the resident cells of
the inflamed joint. Since NAP- 1/IL-8 is much more resistant to
inactivation by peptidases and proteases than C5a (37), it is
likely to retain its activity in the synovial fluid and to have a
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Table II A. Effect of Anti-NAP-J/IL-8 on Elastase Release
by HumanNeutrophils Induced by Chemotactic Peptides

Anti-NAP-I
Inhibition

Peptide Concentration - + (%) n

nM

NAP-1/IL-8 1 145±8* 0 100 4
3 352±14 0 100 4

10 603±51 2 99.7 4
30 816±104 311±239 61.8 4

FMLP 3 143±77 125±79 12.8 3
10 914±19 833±58 8.9 3

C5a 0.3 634 573 9.5 2
1 1466 1430 2.5 2

* Relative fluorescence units. Means±SD; n, number of experi-
ments with different neutrophil preparations.

Table II B. Effect of Anti-NAP-J/IL-8 on Elastase Release
from HumanNeutrophils by PBMCCulture Supernatants

Stimulus in PBMCculture
RA Anti-

patient NAP-I None LPS RF-IC Zymosan IL-I

1 - 58* 56 172 24
+ 9.5 7.5 25 3

(84) (87) (85) (88)
2 - 115 128 56

+ 20 26 3
(83) (80) (94)

3 - 24 216 322 92
+ 0 6 37.5 1.5

(100) (97) (88) (98)
4 - 5 65 52 156 53

+ 0 1 0.5 2 0
(100) (98) (99) (99) (100)

5 - 121 242 194 351
+ 2 3 1.5 6

(98) (99) (99) (98)

* Values are relative fluorescence units; in parenthesis, values are
percent inhibition.

long lasting effect on neutrophil recruitment. In vivo studies in
rabbits have shown that NAP-1/IL-8 is chemotactic for neutro-
phils for up to 10 h after intradermal injection (17, 38).

In this study, we confirmed that several cytokines are strong
inducers of NAP-l/IL-8 production. IL-2, IL-3, TNF, GM-
CSF, and especially IL- I were stimulatory. Secondary effects of
factors released from stimulated mononuclear cells other than
monocytes are unlikely, since, as previously shown (37), mono-
cytes are the predominant producers of NAP- l/IL-8 and very
similar results were obtained when isolated monocytes instead
of mononuclear cells were used. IFN-gamma, in contrast to the
above cytokines, inhibited the spontaneous formation of NAP-
1/IL-8 by SFMC, and the stimulated release by PBMCfrom
normal individuals and RA patients. Since the effect of IFN-
gammawas very pronounced on SFMCfrom rheumatic joints,
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Figure 4. Effect of IFN-gamma. PBMCfrom 10 normal individuals
(o) and 10 RA patients (-) were incubated with or without IFN-
gamma(100 U/ml) for 1 h and then cultured for 48 h in the absence
and presence of LPS (100 ng/ml) or IL-I (10 ng/ml). A statistical
significant difference between corresponding cultures with and
without IFN-gamma pretreatment was found for spontaneous (P
< 0.001), LPS- (P < 0.01), and IL- I -stimulated (P < 0.001) release
from normal PBMCand for IL- I-stimulated release from RAPBMC
(P < 0.05).

this observation may have important pathophysiological and
possibly therapeutical implications. It has in fact been reported
that the production of IFN-gamma by mononuclear cells is
decreased or defective in RA (39-41), resulting in lower levels
of IFN-gamma in the synovial fluid (42, 43). In addition,
Ghezzi and Dinarello (44) recently showed that IFN-gamma
specifically downregulates the autocrine IL-1-dependent pro-
duction of IL- 1 by PBMC. It is conceivable that IFN-gamma
exerts a regulatory function by lowering the self-perpetuating
production of IL- 1, and consequently the IL- 1-induced NAP-
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Figure 5. Effect of indomethacin. PBMCfrom four normal subjects
(open columns) and four RApatients (solid columns) were incubated
with or without 20 AMindomethacin for I h, and were then cultured
for 48 h in the absence and presence of LPS (100 ng/ml) or zymosan
(1 mg/ml). A statistical significant difference between corresponding
cultures with and without indomethacin was found for spontaneous
release from RAPBMCand for zymosan-stimulated release from
control and RAPBMC(P = 0.05).
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Table III. Effect of Intraarticular Glucocorticoid Injection on NAP-I/IL-8 Production by Cultured SFMC

Before injection 14 d after i.a. injection

NAP-l/IL-8* Cell recovery NAP-I/IL-8* Cell recovery

RA No Total cells/ PMN No Total cells/ PMN
patient stimulus LPS (%) stimulus LPS (%)

I 7.2 16.0 26,000 92 0.8 3.0 14,000 72
2 14.5 36.0 12,000 94 1.6 11.0 8,000 84
3 9.6 21.0 18,000 9 1 1.0 5.6 12,000 65
4 12.5 44.0 21,000 94 0.7 14.0 14,000 56

* NAP- l/IL-8 (pmol/2 x 105 monocytes). Mean values from quadruplicate 48-h cultures of 2 x 10' SFMCwith or without LPS (100 ng/ml).

l/IL-8 release in the RA synovium. Contrary to the LPS-in-
duced IL-1 production where IFN-gamma had a stimulatory
effect (44), LPS-stimulated NAP-1/IL-8 release was inhibited
as well. As evidence for a major role for NAP- 1 /IL-8 in chronic
inflammation is increasing, the search for possible physiologi-
cal inhibitors and antagonists becomes an important goal. Pre-
liminary results of a study in progress on NAP- 1/IL-8 release
by PBMCfrom RA patients treated with hrIFN-gamma have
shown that in some patients that responded to the treatment,
NAP-1/IL-8 production was downregulated.

Mononuclear cells from patients with rheumatoid arthritis
produce high amounts of prostaglandins (23-25). In this study,
inhibition of cyclooxygenase by indomethacin tended to en-
hance the spontaneous and stimulated release of NAP- l/IL-8
by PBMC. This observation suggests that PGE2 and possibly
other prostanoids may inhibit NAP-I/IL-8 production, and
that, therefore, treatment of RApatients with nonsteroidal an-
tiinflammatory drugs may favor neutrophil recruitment and
activation. A quite different situation was obtained with dexa-
methasone, which almost completely inhibited phagocytosis-
induced NAP-l/IL-8 at concentrations as low as l0-9 M. Ac-
cordingly, application of intraarticular glucocorticoids resulted
in a dramatic reduction of both spontaneous and stimulated
NAP-I/IL-8 production by cultured SFMCobtained from the
treated joints. The treatment also decreased the number of neu-

Exp.1

Figure 6. Effect of
dexamethasone (DM).

Exp.2 PBMCfrom two
normal individuals
(open columns) and two
RA patients (solid
columns) were
preincubated for 1 h
with or without
dexamethasone (10-9-
1O' M), and were then
stimulated with

M zymosan (1 mg/ml) for
48 h.

trophils in the synovial fluid, which may result from a direct
effect on NAP-1/IL-8 production or from inhibition of IL-1
synthesis.

This study suggests a role for NAP-1/IL-8 in the recruit-
ment and activation of neutrophils in rheumatoid joints and
directs attention towards the possible effects of nonsteroidal
antiinflammatory drugs, glucocorticoids, and IFN-gamma in
the modulation of this proinflammatory process. It must, how-
ever, be kept in mind that our study so far was limited to the
production of NAP- I /IL-8 by mononuclear cells from RApa-
tients. The behavior of PBMCand SFMCfrom patients with
other forms of chronic inflammatory joint disease is currently
under investigation.
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