
Eur. J. Immunol. 1995. 25: 1267-1273 Selective induction of IL-lra and IL-8 by normal IgG 1267 

Selective induction of interleukin-l receptor 
antagonist and interleukin-8 in human monocytes 
by normal polyspecific IgG (intravenous 
immunoglobulin) 

Valkria Ruiz de Souza’, 
Marie-Paule Carreno’, 
Srinivas V. Kaveri’, 
Annick Ledurl, 
Hoss Sadeghi’, 
Jean-Marc Cavaillon*, 
Michel D. Kazatchkme’ and 
Nicole Haeffner-Cavaillonl 

INSERM U430 and Universite 
Pierre et Marie Curie, HBpital 
Broussais, Paris, France 
Unite d’lmmunoallergie, 
Institut Pasteur, Paris, France 

We have investigated the effects of intravenous immunoglobulin (IVIg), a 
therapeutic preparation of normal human polyspecific IgG, on the synthesis and 
release of cytokines by peripheral blood monocytes. IVIg was found to selectively 
induce gene transcription and secretion of interleukin-l receptor antagonist 
(IL-lra) and IL-8 in cultures of normal human monocytes.The addition of IVIg to 
cultures of purified monocytes induced a dose-dependent secretion of IL-lra and 
IL-8 without stimulating the production of IL-la, IL-lp, tumor necrosis factor-a 
or IL-6. The effects of IVIg required both the Fc and F(ab’)2 portions of IgG. 
IVIg-induced production of IL-8 by monocytes was enhanced by lipopolysac- 
charide (LPS), although LPS inhibited the secretion of IL-lra, suggesting that 
IVIg and LPS stimulate distinct intracellular pathways in monocytes. Induction 
of IL-lra and IL-8 by IVIg was enhanced in the presence of autologous 
T lymphocytes. Our observations document the selectivity of the effects of IVIg 
on the synthesis of cytokines and cytokine antagonists by human monocytes. 
Induction of IL-lra and IL-8 by IVIg may contribute to the anti-inflammatory 
effects of immunoglobulin therapy in patients with autoimmune and systemic 
inflammatory disorders. 

1 Introduction 

Normal polyspecific IgG given intravenously (IVIg) is 
increasingly used in the treatment of autoimmune and 
systemic inflammatory diseases (reviewed in [l]). Immuno- 
modulatory effects of IVIg depend on the biological 
properties of the Fc portion of the IgG molecule and on the 
wide spectrum of reactivities expressed by V regions in 
IVIg preparations. Proposed mechanisms of action of IVIg 
in autoimmune disease include the reversible blockade of 
Fcy receptors on phagocytic cells, inhibition of the binding 
of activated complement proteins to targets of complement 
activation, selection of B and T cell repertoires by V re- 
gions of immunoglobulin, and modulation of functional 
phenotypes of lymphocytes and monocytes through 
changes in patterns of cytokine secretion [2-51. 

The addition of IVIg to cultures of activated peripheral 
blood mononuclear cells (PBMC) was shown to inhibit the 
production of several cytokines [6-141. Thus, IVIg 
decreased the number of IL-2, IL-10 and IFN-y-producing- 
cells in cultures stimulated with anti-CD3 [13], decreased 
the number of IL-6-producing monocytes in cultures stimu- 
lated with Borrelia burgdorferi [9], inhibited the production 

of IFN-y and TNF-fl by PBMC stimulated with streptococ- 
cal exotoxin-A or anti-CD3 [13, 141, and decreased the 
amount of IL-6, IL-2 and IFN-y transcripts in PWM- 
stimulated PBMC [ll]. No effect on IL-1, IL-lra and IL-8 
production has been observed upon addition of IVIg to 
cultures of streptococcal exotoxin-A-stimulated PBMC 
~ 4 1 .  

In the present study, we have observed that IVIg selectively 
induces the production of IL-1 receptor antagonist (IL-lra) 
and IL-8 by normal human monocytes cultured in vitro. 
The effects of IVIg required both the Fc and F(ab’)2 
portions of IgG, LPS potentiated the production of IL-8 by 
monocytes cultured in the presence of IVIg, although it 
inhibited IVIg-induced secretion of IL-lra, suggesting that 
IVIg and LPS stimulate distinct intracellular pathways in 
monocytic cells. The effect of IVIg on the synthesis of 
IL-lra and IL-8 by monocytes was enhanced in the presence 
of autologous lymphocytes. Our observations document 
the selectivity of the modulatory effects of IVIg on the 
synthesis of cytokines and cytokine antagonists by inflam- 
matory cells. 

2 Materials and methods 

2.1 Isolation and culture of monocytes and 
[I 134931 polymorphonuclear leukocytes 
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venous blood was collected from healthy donors and 
PBMC were obtained by centrifugation of venous blood on 
MSL (milieu de separation des  lymphocytes, Eurobio, 
France). For isolation of monocytes, suspensions of PBMC 
were adjusted to 1 x 1O6/ml in RPMI 1640 following enu- 
meration of nonspecific esterase (NSE)-positive cells by 
NSE staining using a-naphthyl acetate as substrate [15]. 
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Monocytes were allowed to adhere to 24-well plastic culture 
dishes (Costar, Cambridge, MA) (0.5 ml of cell suspen- 
sion/well) in the absence of serum for 45 min at 37°C. 
Under these conditions, adherent cells contained more 
than 85% monocytes as assessed by morphological analysis 
and immunohistochemical staining. Non-monocytic cells in 
the preparation were T lymphocytes [16]. Adherent cells 
were then cultured in RPMI 1640 (Whittaker MA Biopro- 
ducts, Walkersville, MD) containing antibiotics in the 
presence or absence of cytokine inducers for 24 h at 37 "C. 
Culture supernatants and cell lysates obtained by three 
freeze-thaw cycles were collected and kept at -20°C until 
use for cytokine assays [16]. 

Polymorphonuclear leukocytes (PMN) were isolated from 
whole blood by sedimentation on dextran followed by 
density gradient centrifugation on MSL and lysis of ery- 
throcytes with ammonium chloride. Purified PMN were 
cultured at 2.5 x 109rnl in RPMI containing 10% heat- 
inactivated normal human serum. In contrast to monocytes 
[ 171, PMN exhibit an absolute requirement for serum in the 
culture in order to produce cytokines upon appropriate 
stimulation. 

Co-cultures of monocytes with autologous CD4+ or CD8+ 
T cells were performed following removal of CD4+ and 
CD8+ T cells from suspensions of PBMC using antibody- 
coated plates (Techgen, Menlo Park, CA). The procedure 
allowed for depletion of over 90% of cells in the relevant 
T cell subset. 

2.2 Immunoglobulins and reagents 

IVIg was Sandoglobulin (batch 4361109, a gift from the 
Central Laboratory of the Swiss Red Cross, Bern, Switzer- 
land). F(ab')2 fragments of IVIg were prepared by pepsin 
digestion (0.02% w/w) in apyrogenic sterile sodium acetate 
0.2 M, pH 4.2. The digested material contained no intact 
IgG and no Fc fragments as assessed by SDS-PAGE and 
ELISA using goat anti-human Fcy antibodies (Jackson 
Immunoresearch, West Grove, PA). F(ab')z fragments 
were extensively dialyzed against PBS and RPMI, filter- 
sterilized and frozen in aliquots at -20°C until use. Fcy 
fragments obtained by plasmin digestion of IgG were kindly 
supplied by Pasteur MCrieux (batch S2449) [18]. Lyophi- 
lized preparations of IVIg or Fc fragments were reconsti- 
tuted in RPMI 1640. LPS from Neisseria meningitidis was a 
gift from D. Schulz, Institut MCrieux, France. 

2.3 Assays for cytokines 

The concentration of IL-lD (Immunotech, Marseille, 
France), IL-6 (Immunotech) and IL-lra (R&D Systems, 
Oxon, GB) was determined in culture supernatants by 
ELISA according to the manufacturer's instructions. Con- 
centrations of TNF-a, IL-8 and IL-la were also determined 
by ELISA. Flat-bottom 96-well microtiter plates (Maxisorp 
Immuno-plates, Nunc, Glostroup, Denmark) were coated 
with mouse monoclonal anti-human TNF-a antibody 
(1 kg/ml), mouse monoclonal antibody against recombi- 
nant human IL-8 (5 pg/ml) or mouse monoclonal antibody 
against human IL-la (10 pg/ml) 119,201 in carbonate 
buffer 0.05 M, pH 9.6 and incubated overnight at 4°C. 

Plates were washed with PBS containing 0.05% Tween 20 
(Sigma, St. Louis, MO) and saturated with PBS containing 
2.0% BSA for 1 h at 37°C. Test samples and recombinant 
human cytokine standards were added to the plates and 
incubated for 2 h at 37 "C. Plates were washed and further 
incubated with polyclonal rabbit anti-human TNF-a anti- 
body (Dr. c .  Rougeot, Institut Pasteur, Paris), rabbit 
polyclonal anti-human IL-8 antibody (Sanofi Elf Biore- 
cherche, Labkge, France) or mouse monoclonal anti- 
human IL-la IgG2b antibody [19, 211 diluted in PBS- 
Tween 0.1% , BSA 1.0% for 2 h at 37 "C. After washing, the 
plates were incubated with goat anti-rabbit IgG antibodies 
(Biosys, Compiegne, France) or goat anti-mouse IgG2b 
antibodies (Southern Biotechnology, Birmingham, AL) 
conjugated to horseradish peroxidase. The chromogen 
orthophenylenediamine (Sigma) and H202 were used as 
substrates. The reaction was read at 490nm using the 
ELISA reader from Molecular Devices (Menlo Park, CA). 
Concentrations of IL-4 (R&D Systems) and IL-10 (Medge- 
nix, Fleurus, Belgium) were determined by ELISA. 

2.4 Northern blot analysis 

Total RNA was extracted from adherent monocytes using 
the RNAzolTM B method according to manufacturer's 
instructions (Bioprobe Systems, Montreuil-Sous-Bois, 
France). In brief, cells were lysed in the presence of 0.2 ml 
RNAzolTM B/106 cells. Chloroform was added to lysates 
before centrifugation of the reaction mixture at 12 000 x g 
for 15 min at 4°C. The aqueous phase was collected and 
mixed with isopropanol. Total RNA was separated by 
centrifugation at 12 000 x g for 15 min at 4 "C. The pellets 
were dissolved in diethypyrocarbonate-treated (Sigma) 
water. RNA was then separated by electrophoresis in 
formaldehyde/agarose (1.1%) gels and blotted onto 
Hybond N+ membranes (Amersham, Les Ulis, France). 
Amounts of total RNA per line were adjusted by monitor- 
ing 28s and 18s rRNA. The membranes were hybridized 
with 32P-labeled specific probes overnight at 63 "C. The 
probes were obtained by appropriate digestion of plasmids 
containing the cDNA for human IL-8 (0.7-kb ApoI 
fragment of PSE 1) (Sanofi), IL-lp (3-kb Pst 1 fragment), 
IL-la (1.6-kb Pst 1 and Eco R1 fragment) (a kind gift of 
S. Durum, NIH, Bethesda) IL-lra (0.5-kb insert of Eco RI 
and Hind111 fragment of pUC8, a kind gift from Dr. 
E.  Vannier, Tufts University, Boston, MA), p-actin (1-kb 
Pst 1 fragment of pUC18). The membranes were exposed at 
- 80 "C to Hyperfilm-MP (Amersham) for appropriate 
periods of time before revealing the autoradiograms. 

3 Results 

3.1 Selective induction of IL-lra and IL-8 by IVIg in 
vitro 

Purified monocytes (1 x lo6 cells/ml) from five healthy 
donors were incubated in the presence of increasing 
amounts of IVIg (0 to 167 nM; 0 to 25 mg/ml) for 24 h at 
37°C. The concentrations of IL-lra, IL-la, IL-lp, TNF-a, 
IL-6 and IL-8 were then assessed in culture supernatants 
and/or cell lysates. Cytokine production was assessed in 
parallel cultures of unfractionated PBMC of the same 
individuals, adjusted to contain 1 x lo6 NSE+ cells/ml. 
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neutrophils to that present in cultured PBMC produced 40 
times less IL-lra (mean k SEM = 13 k 5 ng/m1/2.5 X lo6 
PMN vs. 60 k 16 ng/ml/PBMC) and more than 100 times 
less IL-8 than total PBMC when stimulated with IVIg 
(mean k SEM = 8 k 2 ng/mV2.5 x lo6 PMN vs. 218 .+ 
58PBMC). 

No IL-lP,TNF-a nor IL-6 was detected in supernatants of 
IVIg-stimulated cultures (Fig. 1 and data not shown). No 
IL-la was detected in cell lysates (data not shown).The lack 
of secretion of IL-la, IL-1P, IL-6 and TNF-a by the cells 
upon stimulation with IVIg was not related to an inability of 
the cells to produce the cytokines since monocytes from the 
donors produced all four cytokines upon stimulation with 
10 pg/ml of LPS, as assessed by ELISA in culture superna- 
tants (data not shown). 

No IL-lra, IL-1P, IL-la, IL-6, IL-4 nor IL-10 were detected 
in IVIg, although it was found to contain 1100 k 130 pg 
TNF-a and 79 k 8 pg IL-S/mg IVIg. The addition of 
neutralizing anti-TNF-a monoclonal antibody to IVIg- 
stimulated cultures of purified monocytes did not decrease 
the amount of IL-8 and IL-lra that were induced in the 
cultures (data not shown). 

F 

IVIg induced the production of IL-lra and IL-8 by purified 
monocytes and by PBMC of all donors tested in a 
dose-dependent fashion (Fig. 1). IVIg did not interfere 
with ELISA measurements of IL-lra and IL-8, as assessed 
in preliminary experiments using recombinant cytokines. 
The dose-response curve of IL-lra secretion was bell- 
shaped, with maximal secretion being achieved upon 
stimulation of the cells with concentrations of IVIg of 
10 mg/ml(67 nM). The maximal amount of IL-lra secreted 
by the cells differed between donors. The dose-dependent 
curve of IL-8 induction differed from that of IL-lra in that 
the amount of cytokine secreted increased with incremental 
inputs of IVIg within the range of concentrations tested. 
Approximately three-fold higher amounts of IL-lra and 
IL-8 were found in supernatants of cultures of unfraction- 
ated PBMC as compared with supernatants of cultures of 
purified monocytes for each donor tested (Fig. 1). Contam- 
inating neutrophils in cultures of PBMC could not account 
for this difference since an equivalent number of isolated 
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Figure 1. Selective induction of IL-lra and IL-8 from monocytes 
by IVIg in vitro. Purified adherent monocytes (1 X lo6 NSE+ 
cells/ml) (A, C and E) or unfractionated PBMC (1 X lo6 NSE+ 
cells/ml) (B, D and F) from normal donors (n = 5) were cultured in 
the presence of increasing concentrations of IVIg for 24 h at 37°C. 
The concentration of IL-lra (upper panels), IL-8 (middle panels) 
and IL-16 (lower panels) were then determined in culture super- 
natants by ELISA. Each donor is represented by the same symbol 
in all panels of the figure. 

To gain insight into the mechanisms that resulted in 
enhanced induction of IL-lra and IL-8 in cultures of 
unfractionated PBMC as compared with cultures of puri- 
fied monocytes, PBMC were selectively depleted of CD4+ 
or CD8+ T cells before stimulation with IVIg. As shown in 
Table 1, a two- to threefold enhancement in IL-lra and IL-8 
production was observed in cultures of PBMC depleted in 
CD8+ cells as compared with cultures of purified mono- 
cytes. 

The kinetics of release of IL-lra and IL-8 by IVIg- 
stimulated PBMC and by purified cultured monocytes were 
similar to those observed upon triggering of the cells with 
LPS (Fig. 2). Amounts of IL-lra and IL-8 released in 
cultures stimulated with IVIg alone were higher than those 

Tablel. Induction of IL-lra and IL-8 by IVIg in cultures of 
purified monocytes, PBMC and PBMC depleted of CD4+ or CD8 + 

cellsa) 

Cell culture No IVIg IVIg 
IL-lra IL-8 IL-lra IL-8 
(pg/ml) ( P g w  ( P g w  ( P g w  

Monocytes 2525 1799 38383 25797 

PBMC 5530 19814 35598 42588 
PBMC depleted 
of CD8+ cells 

29709 15865 93035 49287 
PBMC depleted 8332 7258 44287 35991 
of CD4+ cells 

a) Purified adherent monocytes from one donor (1 X lo6 NSE+ 
cells/ml), unfractionated PBMC from the same donor, PBMC 
depleted in CD4+ cells by negative selection (1 X lo6 NSE+ 
cells/ml) or PBMC depleted in CD8+ cells (1 X lo6 NSE+ 
cells/ml) were cultured in the presence of 5 mg/ml of IVIg for 
24 h at 37 "C.The cultures contained less than 1.0% neutrophils. 
The concentrations of IL-lra and IL-8 were determined in 
culture supernatants by ELISA. 
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secreted in cultures performed in the presence of optimal 
amounts of endotoxin (Fig. 2). Stimulation of cultures of 
purified monocytes with both IVIg and LPS resulted in 
decreased amounts of IL-lra and increased amounts of IL-8 
secreted by cultured cells as compared with the amounts of 
the two cytokines that were secreted upon stimulation of 
the cells with IVIg alone (Table 2). No synergistic effect 
between IVIg and LPS was observed with regard to 
LPS-induced secretion of TNF-a and IL-6. 

To investigate the respective roles of the Fc and V regions of 
IgG for the induction of IL-lra and IL-8, purified peripher- 
al blood monocytes were cultured in the presence of 
equivalent molar concentrations (67 nM) of intact IvIg, 
F(ab‘)2 fragments and Fc fragments of IVIg. Fc fragments 
were two to three times less effective than intact lVIg in 
inducing the secretion of IL-lra and IL-8 (Fig. 3). F(ab’)Z 
fragments were two to three times less potent than IVIg in 
inducing IL-8 production and ineffective in inducing IL-lra. 
The simultaneous addition of Fc and F(ab’)Z fragments 
(67 nM) did not fully reproduce the effect of intact IVIg 
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Figure2. Kinetics of secretion of IL-lra and IL-8 by purified 
monocytes and unfractionated PBMC from one representative 
donor cultured in the presence of IVIg (10 mg/ml; closed circles), 
LPS ( I  pg/ml, closed squares) or RPMI alone (open circles). 
Culture conditions are those described in the legend of Fig. 1. 

(67 nM). Preincubation of monocytes with F(ab’)Z frag- 
ments of IVIg (67 nM) suppressed by 70% the subsequent 
secretion of IL-lra by the cells when further stimulated 
with 67 nM intact IVIg. Preincubation of the cells with 
Fc fragments (67 nM) had no effect. Neither F(ab’)2 frag- 
ments of IVIg (67 nM) nor Fc fragments (67 nM) interfered 
with IVIg-induced IL-8 secretion (data not shown). 
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Figure 3. Induction of IL-lra secretion (left panel) and IL-8 (right 
panel) by purified normal peripheral blood monocytes cultured for 
24 h in the presence of 67 nM of IVIg (10 mg/ml). 67 nM of F(ab’)z 
fragments of IVIg, 67 nM of Fc fragments of IVIg or both Fc 
(67 nM) and F(ab’)z fragments (67 nM) of IVIg. Each bar repre- 
sents the mean k SEM of the amount of cytokine secreted by 
monocytes from four donors. Culture conditions were those 
depicted in the legend to Fig. 2. 

Transcription of cytokine genes was investigated by North- 
ern blotting of mRNA of cultured monocytes stimulated 
with IVIg, LPS, or co-stimulated with IVIg and LPS at 3, 6 
and 9 h of culture. Transcription of IL-lra and IL-8 genes 
was detected after 3 h in cultures performed in the presence 
of IVIg. Lesser amounts of specific mRNA for the 
cytokines were induced by IVIg as compared with those 
induced in cultures stimulated with optimal amounts of 
LPS (Fig. 4). IL-lra mRNA levels were higher than those 
detected in LPS-stimulated cultures at 6 and 9 h (Fig. 5 and 
data not shown). Transcription of the IL-8 gene was 
maximal at 6 h of stimulation with IVIg and decreased 
thereafter. After 6 h of culture, the amount of IL-8 
transcript was similar to that induced by LPS alone. IL-lp 
transcripts were detected in IVIg-stimulated cultures after 3 
and 6 h, declining thereafter to reach baseline levels of 
unstimulated cells at 9 h. As expected, LPS induced high 
levels of IL-1fl transcripts between 3 and 9 h of culture. No 
IL-la mRNA was detected in IVIg-stimulated monocytes 
at any time point. Co-stimulation of monocytes with LPS 
and IVIg resulted in a synergistic effect on IL-8 and IL-lfl 

Table 2. Cytokine production by purified monocytes stimulated with IVIg and LPS 

Cytokine (ng/ml)a) 

IL-lP IL-la IL- 1 ra IL-8 IL-6 TNF-O. 

Medium 0.08 f 0.08 0 3.43 f 1.40 2.21 f 1.06 0 0 
LPS 4.03 f 1.01 3.45 f 0.96 7.31 f 2.28 42.76 f 8.20 1.60 f 0.40 3.29 f 1.59 

1.21 f 0.53 IVIg 0.19 f 0.09 0.07 f 0.04 28.54 f 8.87 64.36 f 8.65 0.12 f 0.12 
TVIg + LPS 5.07 f 2.01 2.26 f 0.53 10.86 f 4.46 120.97 f 32.46 1.11 f 0.34 4.63 f 1.55 

a) Purified monocytes (0.5 x loh NSE+ cells/well) from five healthy donors were cultured in the presence of medium alone, or in the 
presence of LPS (10 pg/ml), IVIg (10 mg/ml) or LPS + IVIg at 37 “C for 24 h. IL-lP, IL-lra, IL-8, IL-6 and TNF-a concentrations were 
determined by ELISA in culture supernatants, and the concentration of IL-la was determined in cell lysates. Numbers represent the 
mean f SEM of cytokine concentrations measured. 
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Figure 4. Expression of cytokine genes in purified monocytes 
stimulated with lVlg or LPS. Adherent monocytes were cultured in 
medium alone (lane l), or in the presence of IVIg (10 mg/ml; 
lane 2) or LPS (1 pg/ml; lane 3) in petri dishes at 37°C. After 3 h, 
total RNA was extracted from 12 X lo6 cells and analyzed by 
Northern blotting, followed by hybridization with specific probes 
for IL-lra, IL-8, IL-la, IL-10 and 0-actin. 
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Figure 5. Effect of the co-stimulation of monocytes with IVIg and 
LPS on transcription of cytokine genes. Adherent monocytes were 
cultured for 9 h in medium alone (lane 1), or in the presence of 
IVIg (10 mg/ml; lane 2 ) ,  LPS (1 pglml; lane 3) or a mixture of IVIg 
and LPS (lanc 4). Specific mRNA for the indicated cytokines were 
analyzed as described in the legend to  Fig. 4. 

mRNA transcription when analyzed at 6 h (data not 
shown) and 9 h of culture (Fig. 5) .  The amount of IL-lra 
mRNA was, however, equivalent in cell cultures stimulated 
with LPS and IVIg to that in cells stimulated with IVIg 
alone. These observations suggest that the inhibitory effect 
of LPS on IVIg-induced secretion of IL-lra is mediated at a 
post-transcriptional level. Transcription of IL-la was 
enhanced in cultures that were co-stimulated with IVIg and 
LPS (data not shown). 
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4 Discussion 

The present study demonstrates that IVIg selectively 
induces the synthesis and secretion of IL-lra and IL-8 by 
normal human monocytes cultured in vitro, without affect- 
ing the production of IL-la and p, TNF-a and IL-6. The 
synthesis of IL-lra and IL-8 by monocytes induced by IVIg 
was enhanced in the presence of autologous lymphocytes in 
cell cultures. Our observations document the selectivity of 
the induction by IVIg of monocytic cytokines and cytokine 
antagonists, which may be of relevance for understanding 
the mechanisms involved in the anti-inflammatory effects 
of IVIg in vivo. 

We have observed that IVIg induces the selective release of 
IL-lra and IL-8 in cultures of purified adherent monocytes 
and of unfractionated PBMC from healthy donors. At 24 h 
of culture, maximal secretion of the antagonist was 
achieved upon stimulation of cells with 10 mg/ml of IVIg, 
whereas secretion of IL-8 increased in a dose-dependent 
manner with inputs of IVIg ranging between 5 and 
25 mg/ml. Induction of IL-lra and IL-8 by IVIg could not 
be attributed to contaminating LPS, since no endotoxin was 
detected in IVIg preparations using the Limulus amebocyte 
lysate assay, and since IVIg alone did not induce the 
production of IL-la or IL-lfi in cultures of purified 
monocytes. Induction of IL-1 is a sensitive means for 
detecting low amounts of endotoxin in biological samples 
[22]. Under the experimental conditions used, IVIg and 
LPS exhibited a synergistic effect on the production of IL-8. 
In contrast, the secretion of IL-lra induced by IVIg, was 
inhibited in the presence of LPS, as reported by others [lo, 
231, although equivalent amounts of IL-lra mRNA were 
present in monocytes stimulated with IVIg alone or in the 
presence of both IVIg and LPS. These results indicate that 
the inhibitory effect of LPS on IVIg-induced IL-lra secre- 
tion is a post-transcriptional event, and suggest that IVIg 
and LPS stimulate distinct intracellular pathways in mono- 
cytic cells. 

The induction of IL-8 by IVIg in cultured monocytes was 
not dependent on a paracrine effect of IL-lp or of TNF-a, 
since these cytokines were not produced by cells stimulated 
with IVIg. It was not dependent on the presence of small 
amounts of TNF-a in IVIg preparations, since addition of 
neutralizing anti-TNF-a antibody did not alter the amount 
of cytokine induced by IVIg in cultured monocytes. IL-4 
and IL-10, which modulate the release of IL-lra by 
monocytes [24], could not account for the effect of IVIg, 
since there cytokines were not detected in IVIg. 

The production of IL-lra and IL-8 was significantly 
enhanced when monocytes were cultured in the presence of 
autologous T lymphocytes in unfractionated PBMC. 
Enhanced cytokine production observed in cultures of 
PBMC was not due merely to the presence of contaminat- 
ing neutrophils in PBMC, although an enhancing effect of 
T cells on cytokine production by neutrophils cannot be 
excluded. Although human Tcell clones have been 
reported to produce IL-8 mRNAupon stimulation [25,26], 
we did not observe any secretion of IL-lra nor IL-8 by 
mitogen-activated purified human peripheral blood T cells 
in vitro (unpublished results). Thus, the increased secretion 
of IL-lra and IL-8 in cultures of PBMC stimulated with 
IVIg suggests that autologous lymphocytes positively co- 
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operate with stimulated monocytes, resulting in IL-lra and 
IL-8 production. Co-cultures of monocytes with autologous 
CD4+ or CD8+ cells indicated that either CD4+ T cells 
provide helper signals to monocytes or, alternatively, that 
CD8+ cells inhibit the production of the cytokines by 
IVIg-stimulated monocytes. We have previously reported 
that autologous T lymphocytes down-regulate the IL-1 
response of monocytes to LPS [27]. Human T cell clones 
have been shown to enhance the production of IL-1 and 
TNF-a by monocytes through cognate interactions [28]. 
Thus, T cells exert complex regulatory functions on cyto- 
kine production by monocytes. 

F(ab’)z fragments and Fcy fragments of IVIg, alone or in 
combination, induced the production of IL-lra and IL-8 by 
purified monocytes, although to a lower extent than intact 
IVIg. Induction of IL-lra by IgG has been reported 
previously [lo]. Indeed, IL-lra was originally isolated from 
supernatants of monocytes cultured on IgG- and immune 
complex-coated plates, and its gene cloned from cells 
grown under such conditions [29]. The requirement for 
intact IgG that we observed for maximal cytokine response 
has been documented in the case of other secondary 
responses of human monocytes to IgG [30,33]. The 
selectivity of the IL-lra and IL-8 response to soluble IVIg 
without induction of IL-1 and TNF-a, however, contrasts 
with the previously reported ability of aggregated IgG to 
induce IL-1 and TNF by monocytes through interaction 
with CD32 (FcyRII) [32]. 

The effects of infusion of IVIg on cytokine production 
in vivo have not yet been fully documented, and may be 
influenced by the underlying pathological condition. 
Administration of IVIg to patients with primary hypogam- 
maglobulinemia has been shown to result in an increase of 
IL-6, IL-8,TNF-a and soluble receptors for TNF-a in serum 
[32, 331. Early resolution of fever and long-term reduction 
in the occurrence of coronary artery aneurisms in patients 
with Kawasaki disease treated with IVIg have been attri- 
buted to down-regulation of IL-6, IL-1 and TNF-a produc- 
tion in vivo [34, 351. Our observations demonstrate that 
IVIg selectively induces gene transcription and secretion of 
two cytokines involved in the regulation of inflammatory 
processes. IL-lra is a cytokine with potent anti-inflamma- 
tory properties in vitro and in vivo [36]. Although IL-8 was 
originally described as a chemokine, intravenous infusion 
of IL-8 into animals has been shown to suppress the 
recruitment of neutrophils at sites of inflammation [37]. 
The induction of IL-lra and IL-8 by IVIg may thus 
potentially contribute to the anti-inflammatory effects of 
immunoglobulin therapy in patients with autoimmune and 
systemic inflammatory disorders. 
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