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Immune complexes (IC) down-regulate the basal and interferon-y-induced
expression of MHC Class II on human monocytes
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SUMMARY

The interaction of Fc receptors for IgG (FcyRs) on monocytes/macrophages with immune complexes
(IC) triggers regulatory and effector functions. Previous studies have shown that FcyR-IC interactions
inhibit the IFN-vy-induced expression of MHC class II in murine macrophages. However, the
mechanism(s) responsible for these effects have not been elucidated. In addition, whether this IC-
dependent effect also occurs in human cells is not known. Taking into account the fact that IC and IFN-y
are frequently found in infections and autoimmune disorders, together with the crucial role MHC class II
molecules play in the regulation of immune response, we explored the effect and mechanism of IC-
induced MHC class II down-regulation in human peripheral blood mononuclear cells (PBMC). This
effect was studied either in the presence or absence of IFN-y. We demonstrate that IC exert a drastic
inhibition of basal and IFN-vy-induced expression of MHC class II on human monocytes. This effect was
mediated through the interaction of IC with both FcyRI and FcyRII. Moreover, similar results were
obtained using supernatants from IC-treated PBMC. The IC-induced down-regulation of MHC class II is
abrogated by pepstatin and phosphoramidon, supporting the role of aspartic protease(s) and
metalloprotease(s) in this process. In parallel with MHC class II expression, antigen presentation was

markedly inhibited in the presence of IC.
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INTRODUCTION

The formation of circulating immune complexes (IC) is the
physiological consequence of antibody responses to different
antigens, including microorganisms [1], or the result of auto-
immune disorders such as rheumatoid arthritis, vasculitis or lupus
erythematosus [2]. These IC can interact with the Fc receptors for
IgG (FcyRs) present on cells of the immune system, triggering a
variety of regulatory and effector functions [3—8].

Three different types of FcyRs (FcyRI, FcyRII and FcyRIII)
are widely and heterogeneously distributed on different cells
including B and T lymphocytes, neutrophils, and monocytes/
macrophages [9-11]. Monocytes, which constitutively express
FcyRI and FcyRIIL, are known as one of the most important cells
at sites of chronic inflammation. Thus, the interaction of FcyRs
on monocytes/macrophages and IC, their natural ligands, enables
these cells to induce the secretion of different substances such as
enzymes, oxygen species, prostaglandins, leukotrienes [3-5], a
variety of cytokines, such as interleukin-18 (IL-13), IL-6, IL-10,
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tumour necrosis factor alpha (TNF-a) [6,7], and also to increase
intracellular cAMP levels [8].

Interferon-y (IFN-vy) has been largely recognized as capable
of inducing an increase in the expression of FcyRI and class II
molecules from the major histocompatibility complex (MHC class
II) in monocytes/macrophages [12—17]. Since monocytes are
intimately involved in immune mechanisms, the consequences of
the FcyR-IC interaction on these cells has been investigated in
the last two decades. Previous studies by Schreiber [18] and
Virgin [12] have shown that the preincubation of murine
macrophages with IC inhibits either the ability of IFN-y to
induce tumoricidal activity or the enhancement of the expression
of MHC class II. However, the mechanism(s) responsible for these
effects have not been elucidated. In addition, whether this IC-
dependent effect also occurs in human cells is not known.

Taking into account the fact that IC are frequently found in
infections and autoimmune disorders, in conjunction with the
known pleiotropic effects induced by IFN-y and the crucial
importance of MHC class II in the regulation of the immune
response, studies concerning the interactive mechanisms between
these aspects are needed in order to obtain a comprehensive view
of the interplay, and for any eventual therapeutic intervention.
In this report, we explored the effect and possible mechanism
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of IC-induced MHC class II down-regulation in human peripheral
blood mononuclear cells (PBMC), either in the presence or
absence of IFN-vy.

MATERIALS AND METHODS

Reagents

Ficoll 400, tissue culture medium (RPMI 1640), human
recombinant IFN-y, chromatographically purified ovalbumin
(OA), phenyl methyl sulphonyl fluoride (PMSF), pepstatin,
phosphoramidon and leupeptin were all purchased from Sigma
Chemical Co., St Louis, MO, USA. Fluorescein isothiocyanate
(FITC)-labelled anti-HLA-DR, phycoerythrin (PE)-labelled anti-
CDI14 monoclonal antibodies (MoAb), affinity purified F(ab’),
fragment goat antimouse IgG (H + L), and mouse IgGl and
IgG2a control isotype antibodies were obtained from Immuno-
tech, Marseille, France. MoAb anti-CD64 (anti-FcyRI) was
purchased from Calbiochem, San Diego, CA, USA. MoAb IV.3
(anti-FcyRII) was from Medarex, West Lebanon, NH, USA. [*H]-
Thymidine came from New England Nuclear, Boston, MA, USA.
The Mycobacterium tuberculosis strain H37Rv was grown on
7H11 agar (Difco Laboratories, Detroit, USA) at 37°C in 5% CO,
air at mid-log phase. M. tuberculosis were harvested, sonicated to
break up the clumps, washed three times by centrifugation and
resuspended in phosphate buffer saline (PBS) free of pyrogen at a
concentration of 1x10% bacteria/ml. Bacteria were killed by
heating at 85°C for 20 min and then aliquoted and stored at
—20°C until their use.

Immune complexes and heat-aggregated I1gG

Immune complexes (IC) were prepared using rabbit IgG anti-
ovalbumin (OA), isolated from heat-inactivated serum by affinity
chromatography. Precipitating ovalbumin (OA)-rabbit IgG anti-
OA immune complexes were prepared at three-fold antigen
excess, based on equivalence points determined by quantitative
precipitation curves. Antigen and antibodies were incubated for
30 min at 37°C and 1 h at 4°C. After this period, IC were
centrifuged at 10 000 g for 5 min, the supernatant was discarded
and precipitating IC were suspended at 1 mg antibody/ml. The
soluble human heat-aggregated IgG (agg-IgG) was prepared by
heating purified human IgG at a concentration of 5 mg/ml for
12 min at 63°C. Then, the heat aggregated human IgG was
centrifuged at 10 000 g for 5 min and the precipitate was
discarded. The supernatant containing soluble agg-IgG was
diluted with medium to a concentration of 1 mg/ml.

Preparation of human mononuclear cells

Fresh human blood was obtained by venipuncture from healthy
adult volunteers and collected into citrate/dextrose/adenine. Blood
was diluted 1:2 with saline, layered on a Ficoll-Hypaque
cushion, and centrifuged at 400 g for 25 min as described
previously [19]. Peripheral blood mononuclear cells (PBMC)
were collected, washed and resuspended in RPMI 10% heat-
inactivated (56°C, 30 min) fetal calf serum and 50 pg/ml
gentamycin. Viability of mononuclear cells was always greater
than 98% as measured by the trypan blue exclusion test.

Flow cytometry

After different treatments, 1 X 10° mononuclear cells were
washed and incubated with different MoAbs. The cells were
washed, resuspended in ISOFLOW and flow cytometry was

performed using a FACS Analyser (Becton-Dickinson Immuno-
cytometry System, San Jose, CA, USA). The results were
expressed as the percentage of median of fluorescence intensity
(MFI) of CDI14 positive cells (CD14™) of non-treated groups
(controls). Background fluorescence intensity was obtained using
mouse IgG1 or IgG2a isotype matched control antibodies.

Supernatant assay

PBMC (4 x 10° cells/ml) were treated with IC (100 pg/ml) or
RPMI at 37°C in a 5% CO, atmosphere for 18 h. After this period,
supernatants (1 ml) were collected, spun down to remove cellular
debris (10 min at 6000 rpm) and stored at —70°C until their use,
unless stated otherwise.

Proliferation assay

PBMC at a concentration of 1 x 10° cells/ml were left to adhere
in 96-well flat-bottomed plates for 2 h at 37°C. Then, the non-
adherent cells were removed and the adherent population was
incubated with either IC (100 wg/ml), IFN-y (240 U/ml) or both
at 37°C, 5% CO, for 24 h. After this period, the cells were washed
and incubated with non-adherent PBMC (1x10° cells/ml) in the
absence (controls) or presence of M. tuberculosis (1x 10° bacteria/
ml). Cells were incubated for 5 days at 37°C, 5% CO,, pulsed
with [3H]—thymidine for 18 h and harvested as described
previously [20]. The index of [*H]-thymidine incorporation was
calculated for each treatment as: cpm in presence of M.
tuberculosis/cpm in absence of M. tuberculosis.

Statistical analysis

All experiments were repeated at least five times and a
representative one is shown unless otherwise stated. Statistical
significance of results was calculated using the non-parametric
Mann—Whitney test (two-tailed).

RESULTS

IC down-regulate the basal and IFN-vy-induced expression of
MHC class Il antigens on human monocytes

Preincubation of PBMC with precipitating ovalbumin (OA)-rabbit
IgG anti-OA immune complexes exerted a drastic inhibition of
MHC class II up-regulation induced by IFN-y on human
monocytes. The IC treatment also reduced the basal expression

Table 1. The effect of IC on MHC class Il down-regulation is reversible

Treatment
agg-IgG IFN-y % MFI of control
- - 100
+ - 84
- + 285
+ + 248

PBMC (1 x 10° cells/ml) were incubated with medium or soluble agg-IgG
(200 pwg/ml) during 24 h at 37°C. Then, the cells were washed and
incubated with medium or IFN-y (240 U/ml) during additional 24 h as
indicated. After this period, PBMC were stained with anti-HLA-DR and
anti-CD14 antibodies. The table shows a representative experiment of
n = 3. Data are expressed as percentage MFI of control cells and
correspond to the CD14™ population of PBMC.
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of MHC class II (Fig. 1). Similar results were achieved using
soluble human heat-aggregated IgG (agg-IgG) instead of IC (data
not shown).

In order to discount a possible non-specific effect such as steric
hindrance induced by IC on the subsequent binding of FITC-
labelled MoAb to class II antigens, 1x10° PBMC were incubated
with IFN-vy for 24 h in order to increase MHC class II expression,
and then incubated with IC in a crushed ice bath (to arrest metabolic
activity) for 3 additional hours. Immediately after this period, flow
cytometry was performed. The percentage MFI of both IFN-y and
IFN-7y/IC-treated cells were similar and not significantly different
(% MFI of control, IFN-y: 183%; IFN-y+ IC: 215%; a
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representative experiment of n = 3), indicating that the low values
of MHC class II expression observed in Fig. 1 were due to effective
IC-induced down-regulation.

IC-dependent MHC class 1l down-regulation is mediated by
FcyRI and FcyRIl

Although FcyRI and FcyRII are constitutively expressed on human
monocytes [9,11], only FcyRI is up-regulated by IFN-vy treatment
(data not shown) [21]. Thus, it was important to determine if the IC-
induced MHC class II down-regulation was mediated through the
interaction of IC with overexpressed FcyRI, FcyRII, or both
receptors. For this purpose, PBMC were incubated with anti-FcyRI
and/or anti-FcyRII monoclonal antibodies, followed by incubation
with a F(ab’), anti-mouse IgG to induce the FcyRs cross-linking
necessary to induce the down-regulation of class II antigens.
Finally, the cells were treated with IFN-vy and 24 h later MHC class
IT expression was determined. As shown in Fig. 2, both monoclonal
antibodies were able to inhibit the MHC class II up-regulation
induced by IFN-+y. Furthermore, the combination of both antibodies
did not induce additional inhibition.

IC inhibit MHC class Il expression in a reversible and
dose-dependent manner

As shown in Fig. 3, the IC-dependent down-regulation of MHC
class II is a dose-dependent effect for both basal and IFN-vy-
induced expression. Another important issue for a physiological
process was to determine whether this effect was reversible. For
this purpose, PBMC were exposed for 24 h to soluble human heat-
aggregated IgG (agg-IgG). Then, the cells were exhaustively
washed to eliminate the excess of agg-IgG and incubated with
IFN-v for an additional 24 h. As shown in Table 1, the expression
of MHC class II on agg-IgG/washed/IFN-vy-treated cells reached
similar levels to those on naive cells treated only with IFN-y
indicating that the agg-IgG-induced down-regulation of MHC
class 11 is reversible. A similar effect was observed in the recovery
of MHC class II expression on naive cells treated only with agg-
IgG and washed. However, when agg-IgG was maintained
throughout the experiment, a significantly lower amount of
MHC class II was expressed (% MFI of control, agg-IgG 48 h:
43%), indicating that the presence of IC is necessary for prolonged
MHC class II down-regulation.

Effect of IC after IFN-vy treatment
In the above-mentioned experiments, IC were added to PBMC

Fig. 1. Effect of IC on basal and IFN-y-induced MHC class II expression.
PBMC (1 x 10° cells/ml) were incubated with medium (control) or IC
(100 wg/ml). After 1 h at 37°C, the cells were incubated with IFN-g (240
U/ml) for 24 h as indicated in the figure. After this period, PBMC were
stained with anti-HLA-DR and anti-CD14 antibodies and evaluated by
flow cytometry. (a) Data are expressed as the percentage of median of
fluorescence intensity (% MFI) * s.e.m. of control cells and correspond to
the CD14" population of PBMC. Statistical significance was calculated
using Mann—Whitney test, two-tailed, n = 17.%*P < 0-0001 significantly
different from control. 2P < 0-0001 significantly different from control
and IFN-vy-treated cells. AP < 0-01 significantly different from control
and P < 0-0001 significantly different from IFN-y-treated cells. (b) The
histograms represent the CD14™ population of PBMC and correspond to
one representative experiment of n = 17. Background fluorescence
intensity (filled peak) was obtained using control isotype antibodies.
x-axis: fluorescence intensity (arbitrary units); y-axis: cell number.
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Fig. 2. Effect of anti-FcyRI and/or anti-FcyRII on IFN-y-induced MHC
class II expression. PBMC (1 x 10° cells/ml) were incubated with either
medium or anti-FcyRI (5§ wg/ml) and/or anti-FcyRII (5 pwg/ml) for 1 h at
4°C. Then, the cells were washed and incubated with medium or (Fab’),
anti-mouse IgG (10 pwg/ml) for 1 h at 37°C. After this period, the cells
were washed and incubated with medium or IFN-y (240 U/ml) for 24 h
and stained with anti-HLA-DR and anti-CD14 antibodies. Data are
expressed as percentage MFI of control cells and correspond to the CD14™
population of PBMC. The inhibition of class II antigen by IC (100 ug/ml)
in the same experimental conditions was 63%. The figure shows one
representative experiment of n = 5.

before IFN-vy. The next experiment was designed to investigate
whether IC would also be capable of inducing the down-regulation
of class II antigens on cells that have already been treated with
IFN-vy. Thus, PBMC were incubated with IFN-vy (time = 0 h). At
20 h post-IFN-y treatment, IC were added to the cells. The
expression of MHC class II was analysed at 24 h by flow
cytometry. As shown in Fig. 4, IC were effective at down-
regulating MHC class II expression in both cases. These results
suggest strongly that this is a post-translational effect. Further-
more, a time-dependent effect was observed (data not shown).

Effect of supernatants from PBMC stimulated with IC on MHC
class 1l expression

Taking into account the results shown in Fig. 4 and considering
that IC can induce secretory events in monocytes, we investigated
the role of supernatants obtained from IC-stimulated PBMC
during the MHC class II down-regulatory process. For this
purpose, PBMC were incubated with medium or IC for 18 h. After
this period, the supernatants were collected and added to IFN-y-
stimulated PBMC. The results shown in Fig. 5 indicate that
supernatants from IC-treated cells were able to reduce the IFN-+y-
induced expression of MHC class II. These data show clearly the
role of PBMC-released product(s) on MHC class II down-
regulation. Supernatants obtained from precipitating IC incubated
with medium alone for 18 h (controls) were devoid of effects (%
MEFI of control * s.e.m.: 198 = 2), discount the presence of IC in
these supernatants.

Effect of proteases inhibitors on MHC class Il down-regulation
With the purpose of elucidating some characteristics of the
product(s) responsible for MHC class II down-regulation,
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Fig. 3. Effect of different amounts of IC on basal and IFN-vy-induced
MHC class II expression. PBMC (1 x 10° cells/ml) were incubated with
medium (control) or different ratios of IC as indicated in the figure (1 : 1
corresponds to the concentration 100 pg/ml). After 1 h at 37°C, the cells
were incubated with (a) IFN-vy (240 U/ml) or (b) medium for 24 h. After
this period, PBMC were stained with anti-HLA-DR and anti-CD14
antibodies and evaluated by flow cytometry. Data are expressed as
percentage MFI *+ s.e.m. of control cells and correspond to the CD14™
population of PBMC, n = 3.

Table 2. Effect of proteases inhibitors on the IFN-y-induced MHC class II

expression
Treatment
Supernatant Inhibitor % MFI of control * s.e.m.
- - 258-3 £ 39-40
+ - 163-3 + 27-82%
+ PMSF (2 mm) 178-3 = 28-59*
+ Pepstatin (1 mm) 2497 £ 13-38
+ Phosphoramidon (10 wm) 236-0 = 19-40
+ Leupeptin (50 uM) 190-5 £ 10-40*

PBMC (1 x 10° cells/ml) were incubated with IFN-vy (240 U/ml) during
24 h. Then, the cells were exposed to supernatants from IC-treated PBMC,
with or without protease inhibitors, during 3 h. After this period, PBMC
were stained with anti-HLA-DR and anti-CD14 antibodies. Data are
expressed as percentage MFI * s.e.m. of control cells and correspond to
the CD14" population of PBMC. Statistical significance was calculated
using the Mann—Whitney test, two-tailed; n = 5. *P < 0-05 significantly
different from IFN-vy-treated cells.
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Fig. 4. Effect of IC after IFN-y treatment. PBMC (1 x 10° cells) were
incubated with medium or IFN-y (240 U/ml) for 20 h. Then, IC (100 wg/
ml) were added and incubated for a further 4 h. After this period, the cells
were stained with anti-HLA-DR and anti-CD14 antibodies. Data are
expressed as percentage MFI * s.e.m. of control cells and correspond to
the CD14" population of PBMC. The percentage MFI of IFN-y-treated
cells at 24 or 20 h were similar and not significantly different (%
MFI * s.e.m. of control, IFN-y 24 h: 297 * 43; IFN-vy 20 h: 258 * 32;
n = 6). Statistical significance was calculated using Mann—Whitney test,
two-tailed; n = 6. *P < 0-002 significantly different from control.
#P < 0-02 significantly different from IFN-y-treated cells.
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Fig. 5. Effect of supernatants (spn) from PBMC stimulated with IC on
IFN-vy-induced MHC class II expression. PBMC (1 x 10° cells/ml) were
incubated with IFN-vy (240 U/ml) for 24 h. Then, the cells were exposed to
spn from untreated or IC-treated PBMC for 3 h. After this period, PBMC
were stained with anti-HLA-DR and anti-CD14 antibodies. Spn from IC
incubated with medium alone for 18 h were obtained by centrifugation and
were devoid of any effects on IFN-y-induced MHC class II expression.
Data are expressed as percentage MFI *+ s.e.m. of control cells and
correspond to the CD14" population of PBMC. Statistical significance
was calculated using Mann—Whitney test, two-tailed; n = 5. *P < 0-008
significantly different from control. #P < 0-02 significantly different from
IFN-vy-treated cells and P < 0-03 significantly different from spn
untreated PBMC-treated cells.
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Fig. 6. Effect of IC on antigen presentation. Adherent PBMC were obtained
as indicated in Materials and methods and were incubated with medium or
IC (100 wg/ml). After 1 h, the cells were incubated with IFN-y (240 U/ml)
for 24 h. Then, the cells were washed and incubated with non-adherent
PBMC in the absence or presence of Mycobacterium tuberculosis. The index
of [*H]-thymidine incorporation was calculated as indicated in Materials and
methods. Statistical significance was calculated using the Mann—Whitney
test, two-tailed; n = 5. *P < 0-05 significantly different from control.
0P < 0-03 significantly different from control and IFN-vy-treated cells.
AP < 0-03 significantly different from IFN-+y-treated cells.

IFN-vy-stimulated PBMC were incubated with supernatants
from IC-stimulated monocytes treated with different protease
inhibitors. These inhibitors included PMSF, capable of
inhibiting all serin proteases with a trypsin-like specificity
(e.g. trypsin, thrombin, plasmin, kallikrein) [22], pepstatin,
which is an inhibitor of aspartic proteases (e.g. cathepsin D, renin,
pepsin) [23], phosphoramidon, a metalloprotease inhibitor [24] and
the cysteine protease inhibitor leupeptin [25].

The results shown in Table 2 indicate that the down-regulation
of IFN-y-induced expression of MHC class II is abrogated by
pepstatin and phosphoramidon, supporting the role of aspartic
protease(s) and metalloprotease(s) in this process.

In a previous report [12], prostaglandins have been shown to
be involved in the regulation of MHC class II expression in mice.
However, the treatment of human PBMC with 0-35 pwg/ml (1 um)
or 1.75 pg/ml (5 um) indomethacin did not modify the IC-effect,
suggesting that prostanoids were not involved in the IC-induced
MHC class II down-regulation (n = 6, data not shown). Other
factors such as IL-10 have also been shown to be involved in the
regulation of IC-induced major susceptibility to Listeria mono-
cytogenes [26]. However, adding IC to IFN-y-treated or untreated
cells in the presence of anti-IL-10 (5-10 wg/ml) did not modify
the expression of MHC class II (n = 5, data not shown).

Effect of IC on antigen presentation

It is well known that MHC class II molecules are central for
antigen presentation [27]. Consequently, in light of the experi-
ments shown above, we investigated whether the observed IC-
induced MHC class II down-regulation correlated with the
functional activity of monocytes. For this purpose, we evaluated
the capacity for antigen presentation of untreated and IC-treated
PBMC using a M. tuberculosis proliferation assay [20]. As shown
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in Fig. 6, in parallel with MHC class II expression, antigen
presentation was markedly inhibited in the presence of IC.

DISCUSSION

The observation that IC inhibit IFN-y-dependent expression of Ia
antigens was initially reported by Hanaumi et al. [14] and Virgin
et al. [12] in mouse macrophages, although the mechanisms
underlying this effect were not elucidated.

In this report we found that IC down-regulate both basal and
IFN-vy-induced expression of MHC class II antigens on human
monocytes in a dose-dependent manner, and that the presence of
IC is necessary for a sustained effect. In fact, when soluble agg-
IgG are eliminated after initial PBMC exposure, the cells express
basal levels of MHC class II antigens (Table 1). These results
indicate that the effect of IC is reversible and they also discount
any deleterious effects exerted by IC on human monocytes.

Monocytes constitutively express two types of FcyRs (FcyRI
and FcyRII) and transduce signals through both of them [9]. Since
IFN-vy induces the up-regulation of FcyRI but not FcyRII, it was
important to know whether the IC-induced MHC class II down-
regulation was induced only through the interaction of IC with
FcyRI. However, the results shown in Fig. 2, where specific
MoAbs to FcyRI and FcyRII were used as agonists instead of I1C,
demonstrate clearly that both FcyRs are committed to MHC class
II down-regulation.

Previous reports have shown that IC inhibit IFN-vy-induced
signals by preventing tyrosine phosphorylation of the transcription
factor STATI, through the inhibition of the tyrosine kinases JAK1
and JAK?2 [28]. This mechanism, although carefully studied for
IFN-vy-induced expression of FcyRI, has also been proposed for
the inhibition of MHC class I and II genes, which are similarly
dependent on STAT1 activation [28]. Although our results
obtained with PBMC treated with IC and later with IFN-y (Figs 1
and 2) might be in agreement with this interpretation, evidence
confirming this possibility is lacking. On the other hand, the
diminished expression of MHC class II induced by IC on naive or
IFN-vy-pretreated PBMC (Figs 1 and 4) is incompatible with the
inhibition of early IFN-y signalling pathways (JAKs/STAT1)
induced by IC [28]. In fact, our results demonstrate that IC induce
the elimination of MHC class II molecules already expressed on
the surface of monocytes, indicating a different mechanism of
down-regulation. The cause of this effect could be attributed to
either a delay in the turnover of these molecules, to an IC-
dependent accelerated shedding of MHC class Il antigens in
monocytes or it could be due to the cleavage of molecules from
the cell surface.

Several membrane molecules are cleaved from the surface of
leucocytes and other cells by endogenous cellular enzymes,
thereby releasing their soluble fragments into the extracellular
medium [29,30]. Hence, we investigated the role of supernatants
obtained from IC-stimulated PBMC in MHC class II down-
regulation. Our results demonstrate that these supernatants were
able to significantly reduce the expression of MHC class II
molecules on monocytes. Other molecules capable of inducing
MHC class II down-regulation such as prostaglandins [12] or IL-
10 [26] were discounted since neither indomethacin nor anti-IL-10
MoAb altered the IC effects. Alterations in the number and/or
affinity of IFN-vy receptors induced by IC were not studied here
because they have been explored exhaustively and discounted by
others [28,31].

Two types of mechanisms have been described for the
physiological enzymatic cleavage of leucocyte membrane mole-
cules. One of these requires an interaction between receptors and
their specific agonists, such as IL-3 [32] and CD27 [33] ligand,
leading to cleavage of the receptors themselves. Another pathway
is initiated by agonists that stimulate cells via receptors that are
different from the molecules to be cleaved [29]. Our results are
clearly in agreement with the latter scenario since IC down-
regulation operates via the secretion of products that later
modulate MHC class II expression. Nevertheless, we cannot
discard the involvement of other proposed mechanisms for MHC
class II down-regulation such as IC-inhibition of JAKs/STAT1
pathways [28]. However, this latter mechanism could only be
involved in those experiments where preincubation of IC with
PBMC was performed before their exposure to IFN-y. In fact,
MHC class II down-regulation on cells that have already
expressed MHC class II molecules, cannot be dependent on
JAKSs/STATs effects.

With the purpose of investigating the mechanism responsible
for MHC class II down-regulation, supernatants from IC-
stimulated monocytes were treated with inhibitors of serine,
aspartic, cysteine, and metalloproteases [22—25]. Down-regulation
of MHC class II was abrogated only by pepstatin and
phosphoramidon, supporting the role of aspartic and metallopro-
tease(s) in this process (Table 2). In relation to this, it has been
demonstrated recently that MHC class I antigens are also cleaved
by metalloproteases [34].

Wherever possible, a correlation between phenotypic marker
and function should be investigated. Therefore, an important
MHC class II-dependent function such as antigen presentation was
assayed to assure the functionality of the cells after the exposure
to different treatments. The results obtained in Fig. 6 resemble a
typical antigen-driven lymphocyte proliferation, providing clear
evidence that monocytes were indeed under IC regulatory effects.

Since the expression of MHC class II constitutes a central
event in the control of the immune system and inflammatory
reactions, the regulation of these molecules by IC may be crucial
for eventual therapeutical intervention. Whether the IC-dependent
release of active molecules described in this paper represents a
regulatory mechanism of class II antigens in vivo is currently
under investigation in our laboratory using a model of localized
inflammation.
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