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Monocyte-macrophage activation by IFN-g is characterized by a pronounced increase of high affinity Fc receptors for IgG
(FcgRI), capable of triggering respiratory burst, phagocytosis, Ab-dependent cytotoxicity, and release of proinflammatory cyto-
kines. In view of the antagonism of IFN-b on IFN-g action, of interest in the chronic inflammatory disorder multiple sclerosis, we
examined the possible effect of IFN-b on IFN-g induction of FcgRI gene expression. We found that IFN-b significantly down-
regulated IFN-g-induced FcgRI surface expression in peripheral blood monocytes from healthy donors, in a dose- and time-
dependent manner. This down-regulation of FcgRI surface levels did not correspond to a decrease in FcgRI mRNA, suggesting
a posttranscriptional effect of IFN-b. Down-regulation of FcgRI surface expression correlated with diminished cellular signaling
through FcgRI, since the IFN-g-induced increase in Fcg receptor-triggered respiratory burst was nearly completely abrogated by
simultaneous addition of IFN-b. Finally, the same antagonism between both IFNs on FcgRI surface expression was observed in
peripheral blood monocytes derived from multiple sclerosis patients; inhibition by IFN-b was even increased (826 11%), as
compared with healthy controls (676 4%). These results may partially help explain the beneficial effect of IFN-b in multiple
sclerosis. The Journal of Immunology,1998, 161: 1568–1574.

T he antagonism of IFN-b on IFN-g action has gained con-
siderable clinical significance, in view of their opposite
effects in the chronic inflammatory disorder multiple scle-

rosis (MS)3. Administration of IFN-g to MS patients has been
shown to provoke exacerbations of the disease (1), whereas IFN-b
treatment reduced exacerbations and actively diminished disease
progression as monitored by magnetic-resonance brain scanning
(2-4). This antagonistic action has been extensively documented in
vitro for MHC class II gene regulation (5-7), which may partly
explain the beneficial effect of IFN-b in vivo, by down-regulating
pathogenic IFN-g-induced MHC class II expression in the central
nervous system, where it is absent under normal physiologic
conditions (8, 9).

Central nervous system Ag presentation through IFN-g-induced
MHC class II expression leads to activation of autoreactive T cells,
a primary event in the pathogenesis of MS and of its animal mod-
els (10-12). This was demonstrated by adoptive transfer of the

disease by encephalitogenic T cells in rodents (13, 14) and recently
in the Callithrix jacchusprimate model (15), which more closely
resembles MS. However, autoreactive T cells are not sufficient to
provoke experimental allergic encephalomyelitis (EAE), since
IgG-deficient rats fail to develop EAE (16) and, inC. jacchus,
encephalitogenic T cells only cause full demyelination in the pres-
ence of anti-myelin Abs (17). In MS patients as well, data on
cellular (auto)immune reactivity predominate, but humoral im-
mune reactivity to myelin Ags has been demonstrated (18, 19).

Moreover, in later stages of the disease, T lymphocytes are
greatly outnumbered by macrophages (20), which in fact execute
the final step in demyelination, i.e., myelin phagocytosis (21). Cap-
ping of IgG on macrophages in MS plaques, differential uptake of
opsonized myelin by macrophages and microglia, macrophage at-
tachment of oligodendrocytes in the presence of anti-myelin Abs,
and increased Fc receptor expression in MS lesions (22-25) argue
for a deleterious role for Fc receptors in demyelination.

Monocyte-macrophage activation by IFN-g is characterized by
a pronounced increase of high affinity Fc receptors for IgG (FcgRI,
CD64), capable of mediating phagocytosis, respiratory burst, Ab-
dependent cytotoxicity, and secretion of proinflammatory cyto-
kines, such as TNF (26), that have been incriminated in MS and
EAE pathogenesis (20, 27-30).

Therefore, we envisaged a possible effect of IFN-b on IFN-g
induction of FcgRI, which, besides its likely pathologic signifi-
cance, was also particularly interesting from the viewpoint of IFN
signalization. Elucidation of the process by which IFNs induce
transcription of immediate response genes has revealed two fam-
ilies of proteins required for signal transduction by IFNs and nu-
merous other cytokines and growth factors (31). The first protein
family consists of receptor-associated Janus protein tyrosine ki-
nases (JAKs); the second comprises a group of latent cytoplasmic
transcription factors, designated signal transducers and activators
of transcription (STATs), which become activated and translocate
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to the nucleus upon tyrosine phosphorylation (31, 32). FcgRI
mRNA induction by IFN-g does not require de novo protein syn-
thesis, in contrast to MHC class II genes, since tyrosine phosphor-
ylation of STAT1 was shown to be the necessary and sufficient
signal for IFN-g triggering of FcgRI transcription in myeloid cells,
through the GAS (g-IFN-activated sequence) promoter element
(33-35). Activation of STAT1 through both type I (IFN-a and
IFN-b) and type II (IFN-g) IFN signaling pathways allowed to
explain their synergism in antiviral activity and transcriptional ac-
tivation of the 29-59-A synthetase gene (36, 37) but did not provide
clues for a possible antagonism at the transcriptional level. How-
ever, Lu et al. (38) recently demonstrated that IFN-b blocking of
IFN-g induction of MHC class II gene expression occurred down-
stream of class IItrans-activator (CIITA) mRNA induction by
IFN-g, and hence downstream of JAK/STAT signalization, which
explains the observed gene specificity of IFN-b antagonism.

In this report, we demonstrate the ability of IFN-b to down-
regulate IFN-g-induced FcgRI surface expression in peripheral
blood monocytes, in a dose- and time-dependent manner. This de-
crease of surface expression did not correlate with a reduction of
FcgRI mRNA levels, suggesting a posttranscriptional effect of
IFN-b. In addition, we demonstrated that the observed down-reg-
ulation of FcgRI surface expression was physiologically relevant,
since the strong increase in Fcg receptor-triggered respiratory
burst in IFN-g-treated cells was almost completely abrogated
when IFN-b was added simultaneously, indicating that down-reg-
ulation of FcgRI surface expression correlated with diminished
cellular signaling through FcgRI. The same antagonism between
both IFNs on FcgRI surface expression was observed in peripheral
blood monocytes obtained from multiple sclerosis patients, and
inhibition by IFN-b was even more pronounced, as compared with
healthy controls.

Materials and Methods
Patients

Blood was obtained from 10 Caucasian patients (7 females) with clinically
definite multiple sclerosis (39). The age range was 22 to 50 years. Seven
patients were examined during exacerbation or the chronic progressive
phase of MS and three patients during remission. All patients had devel-
oped moderate to severe disability. None had received immunosuppressive
drugs in the previous 3 mo. The study protocol was approved by the ethics
committee of the Pitie´-Salpêtrière Hospital, and an informed consent was
obtained from all patients.

Cell isolation and culture

PBMC were separated by density gradient centrifugation (Ficoll-Paque,
Pharmacia, Uppsala, Sweden) of cytapheresis residues obtained from nor-
mal blood donors (age range 18-55 yr). Monocytes were isolated by 1-h
adherence on plastic in culture medium (RPMI 1640 supplemented with
10% FCS, Life Technologies, Paisley, Scotland), followed by extensive
washing with PBS, which yielded.90% CD14-positive cells, as deter-
mined by FACS analysis. For small-scale preparations (patients and con-
trols), approximately 20 ml of blood was diluted with an equal volume of
PBS and processed as above. Cell recoveries (as assessed by trypan blue
staining) were always.90% of initial cell counts for untreated as well as
IFN-treated monocytes cultured for up to 72 h.

Cytokines and cytokine assay

Recombinant human (rHu) IFN-b (sp. act. 43 108 U/mg protein) was a
gift of Ares-Serono (Geneva, Switzerland); rHuIFN-g (sp. act. 23 107

U/mg protein) was a gift from Roussel-Uclaf (Romainville, France). Bio-
logic activity of IFNs was determined on WISH cells using vesicular sto-
matitis virus as a challenge. TNF was quantified in a cytotoxicity assay
using L929 cells in the presence of actinomycin D. IL-6 was quantified by
measuring its hybridoma growth factor activity upon 7TD.1 cells.

Antibodies

Anti-FcgRI (clone 32.2), anti-FcgRII (clone IV.3), and anti-FcgRIII (clone
3G8) mAbs, either purified or FITC-labeled were purchased from Medarex

(West Lebanon, NH). Anti-FcgRI (clone 22), control isotypes, anti-CD14
(clone RMO52), anti-a4 integrin (clone HP2/1), anti-CD11b (clone
BEAR1) mAbs, and goat anti-mouse FITC-conjugated F(ab9)2 were ob-
tained from Immunotech (Marseille, France). Anti-CD18 (clone MHM23)
mAb was obtained from Dako (Glostrup, Denmark). The polyclonal Ab
directed against FcRg-chain was a gift from Dr. J. P. Kinet (Beth Israel
Hospital, Boston, MA).

Flow cytometry

Cells were immunostained as previously described (40), except that Triton
X-100 was substituted for saponin to permeabilize cells. Analysis was per-
formed on a FACScan flow cytometer (Becton Dickinson, Mountain View,
CA) using Lysis II software. Results are expressed as mean fluorescence
intensity (MFI), which was corrected by subtraction of values of isotype-
matched controls for each data point. The percentage of inhibition of IFN-
g-induced FcgRI expression by IFN-b was calculated as follows: % inhi-
bition 5 (1 2 [(MFI IFN-b 1 IFN-g-treated cells2 MFI control cells)/
(MFI IFN-g-treated cells2 MFI control cells)])3 100.

RNA analysis

Total RNA was extracted using the acid guanidinium phenol chloroform
method (41). RNA (5-15mg) was run on a formaldehyde-containing 1%
agarose gel, transferred onto a nylon membrane (Biodyne Poly-Labs, Paris,
France), and hybridized with the appropriate probe (1-53 106 cpm/ml),
which had been labeled using [a-32P]dCTP (Dupont de Nemours, NEN,
Boston, MA) and a random primer labeling kit (Amersham-France, Les
Ulis, France).

Hybridizations were conducted in 50% formamide, 53 standard saline
phosphate/EDTA (SSPE), 0.5% SDS, 53 Denhardt’s, and 200mg/ml
denatured salmon sperm DNA at 42°C, followed by washing to a final
stringency of 0.23 SSPE at temperatures between 55 and 65°C. Resulting
bands were quantified using a PhosphorImager system (Molecular Dynam-
ics, Sunnyvale, CA) and normalized against corresponding glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) transcripts.

Superoxide assay

Production of superoxide was measured spectrophotometrically by reduc-
tion of ferricytochromec that was inhibited by superoxide dismutase, as
previously described (42).

Statistical analysis

All results are expressed as mean6 SEM. Statistical evaluation of data was
performed using a two-tailed Studentt test.

Results
IFN-b down-regulates IFN-g-induced surface expression of
FcgRI in peripheral blood monocytes of normal donors

In initial experiments, freshly isolated peripheral blood monocytes
from healthy controls were cultured overnight (16-18 h) in the
presence of IFN-b, IFN-g, or a combination of both, and cell sur-
face expression of FcgRI was quantified by flow cytometry, in
parallel with common monocyte surface molecules. Typical FACS
profiles are shown in Figure 1. IFN-g strongly induced FcgRI sur-
face expression, which was markedly inhibited by simultaneous
addition of IFN-b. Interestingly, addition of IFN-b alone had ei-
ther no or a slight enhancing effect on FcgRI expression. Similar
results were obtained with both anti-FcgRI mAbs (clone 32.2 and
22), as well as with monomeric human IgG1 (data not shown), the
latter demonstrating that IFN-b did not change FcgRI binding ca-
pacity for its ligand but merely reduced the number of surface
receptors.

As shown in Figure 2A, down-regulation by IFN-b of IFN-g-
induced FcgRI was statistically highly significant (676 4% inhi-
bition for 20 independent donors,p 5 0.0008). No significant
modulation of the low affinity Fc receptor (FcgRII, CD32) was
observed following overnight stimulation with either IFN (Fig.
2B). Similarly, surface expression of CD11b, CD14, CD18, ora4

integrin remained unchanged under our experimental conditions
(data not shown), which confirmed that the observed effect of
IFN-b and IFN-g was specific for the FcgRI molecule and not due
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to general changes in cell size or membrane properties induced by
IFNs.

Down-regulation by IFN-b of IFN-g-induced surface expression
of FcgRI in human peripheral blood monocytes is dose- and
time-dependent

The antagonistic effect of IFN-b on IFN-g induction of FcgRI was
dose dependent. Although absolute levels of FcgRI varied between
different donors, strongest inhibition was generally observed at a
10:1 IFN-b/IFN-g ratio in antiviral units (Fig. 3), which corre-
sponds to a 1:2 molar ratio, however. Lower ratios were still ef-

fective; e.g., 10 U/ml of IFN-b caused a 28% decrease in FcgRI
surface level induced by 1,000 U/ml of IFN-g (Fig. 3). FcgRI
induction by IFN-g was nearly maximum at 100 U/ml, while in-
hibition by IFN-b reached a plateau at 1,000 U/ml. For highest
reproducibility between donors, half-maximal doses of IFN-g and
IFN-b (50 U/ml and 500 U/ml, respectively) were used in all ad-
ditional experiments.

As shown in Figure 4, FcgRI down-regulation by IFN-b was
also time dependent. At each time point, IFN-b was capable of
significantly down-regulating IFN-g induction of FcgRI surface
expression, but there was a gradual increase of approximately 50%
at 12 h to.90% inhibition at 72 h of culture (Fig. 4,inner graph).

FIGURE 1. IFN-b down-regulates IFN-g-induced surface expression of
FcgRI in peripheral blood monocytes of normal donors. Cells were cul-
tured for 16 h in the absence or presence of 500 U/ml of IFN-b, 50 U/ml
of IFN-g, or both, followed by immunostaining with FITC-labeled isotype
control (filled histograms) or FITC-labeled anti-FcgRI-FITC mAb (clone
32.2, open histograms). Typical FACS profiles are shown; highly similar
results were obtained from 20 independent donors.

FIGURE 2. Down-regulation of IFN-g-induced FcgRI surface expres-
sion by IFN-b is statistically significant and specific. Cells were cultured
overnight (16-18 h) in the absence or presence of 500 U/ml of IFN-b, 50
U/ml of IFN-g, or both, immunostained with (A) FITC-labeled anti-FcgRI
(clone 32.2) or (B) anti-FcgRII mAbs, and analyzed by FACS. Data are
represented as MFI6 SEM of (A) 20 (* p 5 0.0008) and (B) 5 independent
experiments.

FIGURE 3. Down-regulation of IFN-g-induced FcgRI surface expres-
sion by IFN-b is dose dependent. Cells were cultured for 16 h in the
absence or presence of increasing amounts of IFN-b, IFN-g, or both, im-
munostained with FITC-labeled anti-FcgRI mAb (clone 32.2), and ana-
lyzed by FACS. Data are representative of five experiments.

FIGURE 4. Down-regulation of IFN-g-induced FcgRI surface expres-
sion by IFN-b is time dependent. Cells were cultured in the absence (open
bars) or presence of 500 U/ml IFN-b (stippled bars), 50 U/ml IFN-g (filled
bars), or both (hatched bars) for different time periods, immunostained with
FITC-labeled anti-FcgRI mAb (clone 32.2), and analyzed by FACS. The
insetgraph shows percent inhibition of FcgRI expression in cells treated
with IFN-b and IFN-g, as compared with cells treated with IFN-g alone.
Data are representative of three experiments.
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These kinetics reveal a rather delayed effect of IFN-b, since max-
imal inhibition of IFN-g action was observed only after 3 days of
incubation.

Therefore, we considered the possibility that preincubation with
IFN-b might enhance or accelerate its antagonizing effect on
IFN-g. Monocytes preincubated with IFN-b for 2 h before addition
of IFN-g showed a slightly stronger decrease in FcgRI expression
(80 6 17%, n 5 3) as compared with cells to which both IFNs
were simultaneously added (676 4%, Fig. 2A); this difference was
not significant, however. Moreover, addition of IFN-b 2 h after
IFN-g was still effective in down-regulating FcgRI expression,
albeit to a lesser extent (416 19%,n 5 3).

IFN-b does not down-regulate IFN-g induction of FcgRI mRNA
in human peripheral blood monocytes

We next examined whether down-regulation of FcgRI at the cell
surface would be reflected by decreased FcgRI mRNA levels,
since FcgRI gene induction by IFN-g had previously been shown
to occur at the transcriptional level (33-35). FcgRI mRNA was
quantified by Northern blot analysis, using a cDNA probe that
hybridizes to all transcripts of the three FcgRIA, -IB and -IC
genes, but the FcgRIA mRNA, which encodes the bona fide high
affinity receptor, is strongly predominating. Surprisingly, there was
no difference in FcgRI mRNA between monocytes treated with
IFN-g or with IFN-b 1 IFN-g for 16 h (Fig. 5), the time point at
which surface expression was significantly down-regulated. When
looking at earlier mRNA kinetics (2 to 8 h), again no correlation
was found between FcgRI mRNA and surface expression (mea-
sured in parallel experiments at 16 h from the same donors) in
IFN-b 1 IFN-g-treated cells, in contrast to IFN-g-treated cells
(data not shown), suggesting a posttranscriptional effect of IFN-b.

IFN-b down-regulates total cellular IFN-g-induced FcgRI
protein, but not FcR-associatedg-chain in human peripheral
blood monocytes

A possible mechanism for IFN-b to decrease FcgRI surface ex-
pression without altering steady state mRNA levels might be in-
tracellular sequestration, which has been demonstrated for IFN-b-
induced down-regulation of transferrin receptor surface expression
in human macrophages (43). Therefore, untreated and IFN-treated
monocytes were fixed and permeabilized to allow intracellular
staining to quantify total cellular FcgRI protein content by FACS.
As shown in Table I, IFN-b decreased total IFN-g-induced FcgRI
protein levels, in permeabilized as well as unpermeabilized cells,
contesting intracellular sequestration of FcgRI.

Another conceivable mechanism through which IFN-b might
block FcgRI expression might be through decreasing FcRg-chain
levels, sinceg-chain expression has recently been demonstrated to

be essential for both FcgRI surface expression and function (44).
However,g-chain mRNA and protein levels did not alter upon
treatment with IFN-b, IFN-g, or both together (results not shown),
arguing against ag-chain-mediated effect of IFN-b.

IFN-b down-regulates IFN-g-induced Fcg receptor-mediated
respiratory burst and proinflammatory cytokine secretion in
human peripheral blood monocytes

To substantiate if the observed differences in FcgRI surface levels
corresponded to a different functional status of IFN-treated cells,
Fcg receptor-triggered respiratory burst was measured by deter-
mining superoxide production in a sensitive ferricytochromec re-
duction assay. As shown in Figure 6A, binding and subsequent
cross-linking of murine IgG2a, which binds with high affinity to
FcgRI, as well as anti-FcgRI mAb 32.2, resulted in a three- to
fourfold increase in superoxide production in IFN-g-treated cells.
This increase was almost completely abrogated in IFN-b 1 IFN-
g-treated cells (Fig. 6A), in agreement with the observed decrease
in surface expression. Likewise, IFN-b efficiently antagonized the
IFN-g-induced increase in secretion of TNF and IL-6, triggered by
FcgRI cross-linking, followed by overnight culture (Fig. 6B).

IFN-b down-regulates IFN-g-induced surface expression of
FcgRI in peripheral blood monocytes of MS patients

By reason of its clinical significance in MS, we wondered if in
vitro supplementation of IFN-b would have the same inhibitory
potential on IFN-g induction of FcgRI in monocytes from MS
patients. As shown in Figure 7A, typical FACS profiles of mono-
cytes from a representative MS patient are highly similar to those
obtained from healthy controls (Fig. 1), except for the lower cell
number in patient samples, due to the limited quantity of blood
available. IFN-b was found to significantly down-regulate IFN-g
induction of FcgRI in monocytes of all 10 MS patients tested
(826 11% inhibition,p 5 0.01), as shown in Figure 7B. Inhibition
by IFN-b was even greater in monocytes of MS patients (826
11%, range 38-163%), as compared with healthy controls (676
4%, range 35-95%). Although the SEM was higher in patients
than in controls, this difference approached statistical significance
( p 5 0.07).

Discussion
The clinically opposed effects of IFN-b and IFN-g in MS have
been clearly demonstrated (1-4), but data on their antagonistic ac-
tion at the molecular level have so far been limited to MHC class
II expression (5-7). The aim of this study was to examine the
possible effect of IFN-b on the high affinity Fcg receptor, which is
not only a key effector molecule in monocyte/macrophage metab-
olism but also the prototype of an immediate early IFN-g-induced
gene, by virtue of its extensively studied GAS promoter element.

FIGURE 5. IFN-b does not down-regulate IFN-g-induced FcgRI
mRNA in human peripheral blood monocytes. Cells were cultured for 16 h
in the presence of 500 U/ml IFN-b, 50 U/ml IFN-g, or both. RNA was
extracted and subjected to Northern blot analysis using FcgRI cDNA as a
probe. Bands were quantified using PhosphorImager software and normal-
ized for glyceraldehyde-3-phosphate dehydrogenase (GAPDH) transcripts.
Data are representative of eight experiments.

Table I. IFN-b down-regulates IFN-g-induced surface as well as
intracellular FcgRI expressiona

Cell Treatment Intact Cells Permeabilized Cells

Untreated 396 3 596 6
IFN-b 366 9 586 11
IFN-g 1116 15 886 7
IFN-b 1 IFN-g 516 2 536 15

a Cells were cultured for 16 h in the absence or presence of 500 U/ml of IFN-b,
50 U/ml of IFN-g, or both, and either left untreated (intact cells) or permeabilized as
described inMaterials and Methods, before immunostaining with FITC-labeled anti-
FcgRI (clone 32.2) mAb and analysis by FACS. Data are represented as MFI6 SEM
of three different donors.
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We were able to demonstrate significant, dose-dependent down-
regulation of IFN-g-induced FcgRI surface expression by IFN-b.
This down-regulation by IFN-b was also time dependent, but with
apparently slow kinetics : 50% inhibition was observed at 12 h
already, but maximal inhibition (.90%) required 72 h (Fig. 4).
Preincubation with IFN-b 2 h before IFN-g moderately enhanced
its inhibitory effect at 16 h, but IFN-b added 2 h after IFN-g was
still effective, albeit to a lesser extent, at 16 h. At 72 h of treatment,
however, the percentage of inhibition was similar (.90%) for cells
to which IFN-b was added 2 h before, simultaneously, or even 2 h
after IFN-g. This time-dependent increase of IFN-b inhibition and
the very limited effect of short-term sequential addition were

somehow unexpected, considering that the necessary and sufficient
signal for FcgRI gene induction by IFN-g, i.e., tyrosine phosphor-
ylation of STAT1, occurs within minutes following receptor bind-
ing (33-35). Moreover, IFN-b did not decrease IFN-g-induced
FcgRI mRNA levels (Fig. 5). Taken together, these data strongly
suggest that IFN-b does not exert its antagonistic effect on IFN-g
induction of FcgRI by blocking JAK/STAT signalization and early
transcription, but through a posttranscriptional mechanism, most
probably FcgRI specific. We cannot exclude the possibility that
IFN-b might down-regulate IFN-g-induced transcription and si-
multaneously increase FcgRI mRNA stability, resulting in equal
mRNA levels. This assumption is highly unlikely, however, since
IFN-b by itself activates STAT1 (45) and slightly, but signifi-
cantly, induces FcgRI mRNA (Fig. 5). Furthermore, the absence of
correlation between high FcgRI mRNA levels and low surface

FIGURE 6. IFN-b down-regulates IFN-g-induced FcgRI receptor-trig-
gered respiratory burst and proinflammatory cytokine secretion in human
peripheral blood monocytes.A, Cells were incubated in the absence or
presence of 500 U/ml IFN-b, 50 U/ml IFN-g, or both for 24 h, washed
twice with PBS, incubated for 1 h at 37°C with 10mg/ml mouse IgG2a
(black bars) or 5mg/ml anti-FcgRI mAb 32.2 (hatched bars), washed, and
resuspended in superoxide assay buffer (42) in the presence of goat anti-
mouse F(ab9)2 fragments and incubated for 1 h at37°C. Superoxide pro-
duction was quantified spectrophotometrically, as previously described
(42). Data represent the mean6 SEM of three experiments.B, Cells were
incubated in the absence or presence of 500 U/ml IFN-b, 50 U/ml IFN-g,
or both for 24 h, washed twice with PBS, incubated for 1 h at37°C with
5 mg/ml anti-FcgRI mAb 32.2, washed, and stimulated overnight in the
presence of goat anti-mouse F(ab9)2 fragments. TNF (black bars) and IL-6
(hatched bars) were quantified in cell-free supernatants by sensitive bio-
assays. Data are representative of three experiments.

FIGURE 7. IFN-b down-regulates IFN-g-induced surface expression of
FcgRI in peripheral blood monocytes of multiple sclerosis patients. Cells
were cultured for 16 h in the absence or presence of 500 U/ml of IFN-b,
50 U/ml of IFN-g, or both, followed by immunostaining with FITC-labeled
isotype control (filled histograms inA) or FITC-labeled anti-FcgRI-FITC
mAb (open histograms inA). FACS profiles of monocytes from a repre-
sentative patient are shown in (A); similar profiles were obtained from all
MS patients tested (n 5 10). The MFI6 SEM of 10 patients is given in
(B); * p 5 0.01.
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expression in cells treated with IFN-b 1 IFN-g clearly demon-
strates that the physiologically important down-regulation occurs
downstream of mRNA accumulation. To our knowledge, this is the
first demonstration of IFN-b and IFN-g antagonistically regulating
the expression of the same protein at two different molecular
levels.

A possible posttranslational mechanism through which IFN-b
might down-regulate FcgRI surface expression is through intra-
cellular sequestration, since IFN-b has been previously shown to
down-regulate transferrin receptor surface expression in human
macrophages by keeping these receptors in intracellular compart-
ments (43). However, as shown in Table I, IFN-b decreased total
IFN-g-induced FcgRI protein levels, in intact as well as in per-
meabilized cells, i.e., intracellular as well as at the cell surface.
This finding was confirmed by confocal microscopy (not shown),
which allowed us to exclude the possibility of IFN-b-induced in-
tracellular sequestration of FcgRI.

Since FcRg-chain expression has been recently revealed to be
essential for both FcgRI surface expression and function (44), an-
other conceivable mechanism of IFN-b action might be an indirect
one, i.e., blocking FcgRI expression by reducing the available
g-chain pool. However,g-chain mRNA and protein levels did not
alter upon treatment with IFN-b, IFN-g, or both together (results
not shown), arguing against ag-chain-mediated effect of IFN-b.
The observed decrease in FcgRI production might thus be due to
an IFN-b-induced decrease in protein synthesis, i.e., a block in
FcgRI mRNA translation, or to an IFN-b-induced protein degra-
dation. To test the latter hypothesis, we have repeated our FACS
analysis with untreated and IFN-treated monocytes cultured in the
presence of a mixture of protease inhibitors. Addition of this mix-
ture had no effect on either IFN-g up-regulation or IFN-b down-
regulation, arguing against IFN-b-enhanced FcgRI proteolysis.
The strongest argument against IFN-b-induced degradation comes
from delayed addition experiments, where IFN-b had to be added
until up to 12 h after IFN-g (i.e., the time needed for FcgRI to be
expressed at the cell surface) to be fully effective. When mono-
cytes were pretreated with IFN-g for 24 or 48 h, IFN-b provoked
only a minor decrease in FcgRI surface expression, which in fact
corresponded to inhibiting a further increase by IFN-g. In other
words, IFN-b was ineffective in down-regulating IFN-g-induced
FcgRI already expressed at the cell surface, which ought to be the
case if IFN-b were to induce FcgRI proteolysis. Accordingly, we
favor the hypothesis of translational inhibition by IFN-b, which is
currently under investigation.

This posttranscriptional regulation by IFN-b contrasts with the
mechanism of action on FcgRI expression of other cytokines, such
as IL-4 and IL-10, which both act at the transcriptional level.
Down-regulation by IL-4 is mediated by activation of STAT6,
which competes with STAT1a for GAS binding (46), whereas
up-regulation by IL-10 corresponds to STAT1 activation (47), as
for IFN-g. However, our results are concordant with those of Lu et
al. (38), who demonstrated that blocking by IFN-b of IFN-g-in-
duced MHC class II gene expression occurs downstream of CIITA
mRNA induction and hence downstream of JAK/STAT activation
by IFN-g. This implies a high selectivity of IFN-b-IFN-g antag-
onism, apparently limited to MHC class II and FcgRI genes, in
contrast to IL-4, which abrogates IFN-g signaling through
STAT1a and hence causes a generalized block of GAS-mediated
gene induction and FcgRI, as well as IFN regulatory factor (IRF)-1
guanylate-binding protein (GBP), CIITA, tryptophanyl tRNA syn-
thetase, and other IFN-g-inducible genes. This gene-specificity of
IFN-b action might be physiologically interesting in fine-tuning an
IFN-g-mediated inflammatory response by selectively blocking
key activator molecules without hampering other essential func-

tions of IFN-g, such as antimicrobial or antiviral activity, the latter
being synergistically enhanced by IFN-b (36).

To substantiate if the observed differences in FcgRI expression
were physiologically relevant, FcgRI-mediated respiratory burst
and secretion of proinflammatory cytokines (TNF and IL-6) were
quantified in untreated and IFN-treated cells. IFN-g and IFN-b
were indeed found to up- and down-regulate FcgRI-triggered re-
spiratory burst, respectively, (Fig. 6A), as well as FcgRI-triggered
secretion of TNF and IL-6 (Fig. 6B), demonstrating that FcgRI
surface expression and function were tightly linked. Besides trig-
gering of the respiratory burst and secretion of proinflammatory
cytokines, cellular signaling through FcgRI comprises phagocyto-
sis and Ab-dependent cytotoxicity (26). In addition, FcgRI is en-
dowed with Ag presentation capacity, as demonstrated both in
vitro (48) and in vivo (49). Accordingly, the high affinity Fcg
receptor can be incriminated in the pathogenesis of demyelination
for its potency to mediate cellular as well as humoral autoimmune
reactivity.

Finally, FcgRI is predominantly expressed in cells of the mono-
cyte-macrophage lineage, which are prevailing in MS lesions at
later stages of the disease. Nevertheless, it remained to be dem-
onstrated if the observed antagonistic effect of both IFNs could be
reproduced in monocytes from MS patients, since MS monocytes
have been shown to differ phenotypically and functionally from
normal monocytes (Ref. 50, and references therein). We found that
in vitro supplementation of IFN-b indeed inhibited IFN-g-induced
FcgRI surface expression in monocytes of all ten patients tested
and that this inhibition was even more pronounced (826 11%)
than in healthy controls (676 4%) when monocytes were cultured
for 24 h.

In conclusion, we provide strong evidence that FcgRI might be
considered, in addition to MHC class II, as a physiologically rel-
evant target protein for antagonistic regulation by IFN-g and
IFN-b, which may partially explain the beneficial effect of IFN-b
in multiple sclerosis.
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