Immunology

The Journal of cells, molecules, systems and technologies

« British Society for
immunologq}

IO eIeA @ ORIGINAL ARTICLE

MG132 proteasome inhibitor modulates proinflammatory cytokines
production and expression of their receptors in U937 cells:
involvement of nuclear factor-xB and activator protein-1

Pablo C. Ortiz-Lazareno," Georgina
Hernandez-Flores,' Jorge R.
Dorninguez-Rodriguez,1 Jose M.
Lerma-Diaz,' Luis F. ]ave-Sueurez,1
Adriana Aguilar-Lemarroy,' Piedad
C. Gomez-Contreras,! Daniel Scott-
Algara® and Alejandro Bravo-
Cuellar"?

'Division de Inmunologia, Centro de
Investigacion Biomédica de Occidente del
IMSS, Guadalajara, Jal. México, *Institut
Pasteur, Paris, France, and >*CUALTOS,
Universidad de Guadalajara, Tepatitlan, Jal.
Meéxico

doi:10.1111/j.1365-2567.2008.02806.x
Received 21 September 2007; revised 17
December 2007; accepted 3 January 2008.
Correspondence: Professor Dr Alejandro
Bravo-Cuellar, Division de Inmunologia del
Centro de Investigacion Biomédica de
Occidente, IMSS, Sierra Mojada No. 800,
Col. Independencia, CP 44340, Guadalajara,
Jalisco, México. Email:
abravocster@gmail.com

Senior author: Pablo C. Ortiz-Lazareno,
email: paulcesar05@hotmail.com

Introduction

Summary

In response to inflammatory stimuli, monocytes/macrophages secrete
greater quantities of the proinflammatory cytokines tumour necrosis fac-
tor-o. (TNF-a), interleukin-1f (IL-1PB) and IL-6. The inflammatory process
and the innate immune response are related to the activation of several
transcription factors, such as nuclear factor kB (NF-kB) and activator
protein 1 (AP-1). The proteasome is a multimeric protease complex,
which plays a vital role in several cellular functions, including the regula-
tion of transcription factors like NF-xB. In this study, we used the human
monocyte cell line U937 stimulated with lipopolysaccharide (LPS) and
phorbol 12-myristate 13-acetate (PMA) as a model to investigate the
in vitro effects of MG132, a proteasome inhibitor, on the release of
TNF-o, IL-1f and IL-6 and on the expression of their membrane and
soluble receptors TNF-R1, IL-1R1 and IL-6R. We also analysed the effects
of MG132 on the activation of NF-kB and AP-1 and on the IxB molecule.
MG132 significantly inhibited the secretion of those proinflammatory
cytokines. MG132 increased the release of the soluble receptors TNF-R1
and IL-1R1 from U937 cells and decreased their cell-surface expression.
MGI132 also increased IL-6R cell-surface expression and decreased its
release. Proteasome inhibition also led to an increase in LPS+PMA-
induced AP-1 activation and the attenuation of LPS+PMA-induced IxB
degradation, resulting in the abolition of NF-xB activation. Our experi-
ments strongly suggest that the proteasome is an important factor in the
regulation of proinflammatory cytokines and their receptors.

Keywords: activator protein 1; cytokine receptors; nuclear factor kB; pro-
inflammatory cytokines; proteasome

cytoplasm, and consists of the 20S proteasome with pro-
teolytic activity and the 19S regulatory complex.” This

Monocyte/macrophage cells play a central role in the
innate immune response and inflammatory processes.'
These cells perform many functions: natural antitumour
activity, antigen processing and secretion of biological
products, such as the proinflammatory cytokines tumour
necrosis factor-oo (TNF-at), interleukin-1f (IL-1B) and
IL-6, which act on different cells of the immune system,
activating and producing a system of feedback that limits
damage and restores homeostasis.”> However, the cyto-
kines do not act alone. Their respective membrane and
soluble receptors form a very important network that reg-
ulates the biological activity and bioavailability of these
proinflammatory cytokines.>® The proteasome is a large
multimeric protease complex, localized in the cellular

complex is essential for several cellular processes, includ-
ing protein degradation, cellular differentiation and anti-
gen presentation.”® Recent studies have also increasingly
implicated the proteasome in the regulation of some cell-
surface cytokine receptors (IL-2R, IL-9R).”® Another very
important activity of the proteasome is the regulation
of transcription factors, including nuclear factor B
(NF-xB).>'" This transcription factor induces the expres-
sion of a large number of genes related to the innate
immune response and the inflammatory process, such as
the TNF-ao, IL-1B and IL-6 cytokines, cytokine receptors
and other molecules.'” Other transcription factors are
involved in the regulation of these inflammatory
molecules, such as activator protein 1 (AP-1). This
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transcription factor is composed of Jun family members
(c-Jun, JunB and JunD).'"1?

In this study, we investigated the in vitro effects of the
proteasome inhibitor MG132 on the release of TNF-a,
IL-1p and IL-6 and their receptors, as well as on the
activation of NF-kB and AP-1 and the inhibitor of the
NF-kB (IxB) degradation, in the monocyte/macrophage-
derived cell line U937.

Materials and methods

Chemicals and reagents

Lipopolysaccharide (LPS) from Escherichia coli 055:B5
(Sigma, St Louis, MO) 1 mg/ml was dissolved in phos-
phate-buffered saline (PBS), the proteasome inhibitor
MG132 (Sigma) and phorbol 12-myristate 13-acetate
(PMA; Sigma) were dissolved in sterile dimethyl sulphox-
ide (DMSO; Sigma) at a concentration of 42 mm and
60 ng/ml respectively. Solutions were kept frozen in aliqu-
ots at —20° for up to 80 days until use.

Culture medium

RPMI-1640 culture medium (Sigma) was supplemented
with 10% fetal calf serum (Gibco, Carlsbad, CA), 2 mm
L-glutamine (Gibco) and antibiotics (Sigma); this medium
is referred to as RPMI-S.

Cell culture and in vitro treatment

U937 cells'? were cultured in RPMI-S at 37° in a humidi-
fied atmosphere containing 5% CO, and 95% air until
they reached the exponential phase (2-3 weeks), then the
cells were washed and resuspended in RPMI-S and seeded
in a 12-well flat-bottom tissue culture plate (Corning-
Costar, Lowell, MA) at a density of 1 X 10° cells in 2 ml
of RPMI-S per well. The cells were either treated or not
treated with the proteasome inhibitor MG132 (final con-
centration 10 puMm), and incubated for 2 hr at 37°. At the
end of the incubation period, the cells were washed three
times with RPMI-1640 tissue medium culture. The control
and experimental cultures were resuspended in either
RPMI-S with or without LPS (1 pg/ml) + PMA (30 ng/ml)
(LPS+PMA) in a final volume of 2 ml and cultured for
24 hr. The same amount of DMSO was added to the con-
trol samples as was added to the experimental cultures.

Assessment of apoptosis by flow cytometry

Cells (1 x 10°) were incubated for 10 min with Annexin
V-fluorescein isothiocyanate (FITC)/propidium iodide,
according to the kit instructions (Annexin-V-Fluos;
Roche, Mannheim, Germany) and analysed by flow
cytometry with a Beckman Coulter model EPICS-XL
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cytometer (Beckman Coulter, Fullerton, CA). The data
were processed using the System II software package
(Beckman Coulter). At least 20 000 events were analysed
for each treated sample. Viability was confirmed before
and after each experiment (Viability > 95%).

ELISA for TNF-a, IL-1f, IL-6 and soluble cytokine
receptors

The levels of TNF-a, IL-1f, IL-6, soluble TNF receptor 1
(STNF-R1), sIL-1R1 and sIL-6R receptors were deter-
mined in the supernatants of U937 cell cultures using a
sandwich enzyme-linked immunosorbent assay (ELISA)
technique. The TNF-a, IL-1B and IL-6 were measured
using kits from Amersham Biosciences (Little Chalfont,
UK). The sTNF-R1 and sIL-6R were quantified using kits
from Biosource Europe SA (Nivelles, Belgium); and the
concentration of sIL-1R1 was measured with a kit from
R&D Systems (Minneapolis, MN).The assays were per-
formed according to the manufacturers’ instructions.
Absorbance was read on an Opsys MR™ 96-well micro-
plate reader (DYNEX Technologies Inc., Chantilly, VA).

Analysis of TNF-R1, IL-1R1 and IL-6R membrane
expression by flow cytometry

The expression of TNF-R1, IL-1R1 and IL-6R was assessed
by flow cytometry. Independent assays were performed for
each receptor. Briefly, U937 cells (1 x 10°) were washed
twice with ice-cold PBS (0-1% bovine serum albumin,
0-1% NaNj3) and resuspended in PBS. Then, the cells were
incubated with hamster monoclonal anti-human TNF-R1
antibody (Santa Cruz Biotechnology, Santa Cruz, CA), rat
monoclonal anti-human IL-1R1 antibody (Serotec, Oxford,
UK), or mouse monoclonal anti-human IL-6R antibody
(Biosource, Camarillo, CA) for 30 min on ice. The cells
were washed three times with ice-cold PBS, and incubated
with phycoerythrin-conjugated goat F(ab’), anti-hamster
immunoglobulin G (IgG; Serotec), FITC-conjugated goat
F(ab’), anti-rat IgG (Biosource) or FITC-conjugated goat
F(ab’), anti-mouse IgG (Sigma) secondary antibody for
TNEF-RI, IL-1R1 and IL-6R, respectively, for 20 min at 4°.
The cells were then washed and fixed in 1% paraform-
aldehyde, and assessed for fluorescence by flow cytometry
using a Beckman Coulter model EPICS XL MCL cytometer
as described earlier. An appropriate isotype control was
used in each test to adjust for background fluorescence
(Serotec) and the results are reported as mean fluorescence
intensity (MFI).

Preparation of cell extracts

Nuclear and cytoplasmic extracts were prepared using a
modification of a previously published method.'* Briefly,
after the experiments, the U937 cells were washed in PBS,
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and then 100 pl buffer A [10 mm HEPES (pH 7.9),
1-5 mm MgCl,, 10 mm KCl, 0-5 mm dithiothreitol, 0-2%
Nonidet P-40, 100 pl protease inhibitor cocktail (Sigma)
per millilitre of buffer A] was added for extraction of
cytoplasmic extracts. For nuclear extracts we used 50 pl
buffer B [20 mm HEPES (pH 7-9), 25% glycerol, 0-42 mm
NaCl, 1-5 mm MgCl,, 0-5 mm dithiothreitol, 0-2 mm eth-
yldiaminetetraacetic acid (EDTA) and 100 pl protease
inhibitor cocktail per millilitre of buffer B]. We used 5 pl
of all the extract fractions to quantify their proteins by
the Bradford method."> The nuclear and cytoplasmic
extracts were frozen and stored at —80° until use.

Western blot analysis of IicB-o

For Western blot analysis, 50 pg of the cytoplasmic pro-
teins from each sample was fractionated on a sodium do-
decyl sulphate (Gibco) —polyacrylamide gel (12%) and
electrophoretically transferred to a nitrocellulose mem-
brane (Amersham, Arlington Heights, IL). The membrane
was washed twice with Tris-buffered saline [TBS; 50 mm
Tris—=HCI, 150 mm NaCl (pH 7-5)] and the non-specific
protein-binding sites on the membrane were blocked with
1% blocking solution (Roche) with shaking for 1 hr. The
membrane was incubated at 4° overnight, without shaking,
with a primary antibody directed against IxB-o (Oncogene,
San Diego, CA). Excess antibody was removed by washing
the membrane twice with TBST (TBS with 0-1% Tween 20)
for 10 min each. The membrane was then probed with
horseradish peroxidase-labelled secondary antibody (anti-
mouse IgG-POD/anti-rabbit IgG-POD; Roche). The
immobilized protein, bound to the antibody of interest,
was then detected with the BM Chemiluminescence
Western Blotting Kit (mouse/rabbit) (Roche).

NF-xB and AP-1 electrophoretic mobility shift assay

Electrophoretic mobility shift assays (EMSAs) were per-
formed using a LightShift Chemiluminescent EMSA Kit
(Pierce, Rockford, IL). The oligonucleotide sequences
were: for NF-kB: 5'-AGTTGAGGGGACTTTCCCAGGC-3'
and 5-GCCTGGGAAAGTCCCCTCAACT-3'; for AP-1: 5'-
CGCTTGATGACTCAGCCGGAA-3' and 5'-TTCCGGCTG
AGTCATCAAGCG-3'. Oligonucleotides for NF-xB and
AP-1 were annealed, and end-labelled with the Biotin 3’
End DNA Labeling Kit (Pierce). Binding reactions were
performed as follows: nuclear extract (5 pug) was preincu-
bated at 4° for 5 min in binding buffer [10 mm Tris—HCI
(pH 7-5), 50 mMm NaCl, 1 mm dithiothreitol, 1 mm EDTA,
5% glycerol and 1 pg/pl poly(dI-dC)]. The binding reac-
tion was initiated by the addition of 20 fmol of labelled
oligonucleotide. After 20 min incubation at room temper-
ature, DNA-protein complexes were resolved on non-
denaturing 6% polyacrylamide gels in low-ionic-strength
buffer (0-5 x TBE) at 200 V for 2 hr. After gel electropho-

resis, the DNA—protein complexes were transferred to a
nylon membrane (Biodyne B Positively Charged Nylon
Membrane; Pierce). After transfer, the membrane was
immediately cross-linked for 15 min on an ultraviolet
transilluminator equipped with 312-nm bulbs. A chemilu-
minescent detection method using a luminol/enhanced
solution and a stable peroxide solution (Pierce) was used
as described by the manufacturer, and the membranes
were exposed to radiographic film for 2-5 min before
development. Relative intensities were analysed using the
ImAGE] package. Transcriptional activity is expressed in fold
change, considering 1 as the basal activity (untreated cells).

Statistical analysis

The results represent the means + standard deviations
(SD) of the values obtained from at least four indepen-
dent experiments, carried out in triplicate. Comparisons
between groups were made with aNova, the Kruskal-Wal-
lis test and the Mann—-Whitney U-test. For correlations,
we used Pearson’s test. A value of P < 0-05 was consid-
ered significant.

Results

MG132 reduces the LPS+PMA-induced production of
TNF-a, IL-1$ and IL-6

We first investigated whether the proteasome inhibitor
MG132 reduces the production of TNF-a, IL-1$ and IL-6
in U937 monocytic cells. Figure 1 shows the basal levels of
TNF-0, IL-1B and IL-6 in control (untreated cells)
(520 £ 1-80, 1-18 + 0-8 and 12-79 + 4-50 pg/ml, respec-
tively). The spontaneous liberation of these cytokines from
U937 cells was similar in cultures treated only with MG132.
In contrast, a significant increase in the cytokine concentra-
tions (P < 0-001) was observed in the supernatants from
untreated cells stimulated with LPS + PMA (TNF-a,
705-12 + 213-26 pg/ml; IL-1B, 210-03 = 47-56 pg/ml; and
IL-6, 94-40 + 11-76 pg/ml). When the cells were treated
with MG132 and stimulated with LPS+PMA, the proin-
flammatory cytokine concentrations decreased dramati-
cally, with the supernatant concentrations 6-3-, 4-3- and
2-5-fold lower for TNF-a, IL-1B and IL-6, respectively, than
those of untreated cells stimulated with LPS+PMA
(P < 0-001). These results indicate that the proteasome
inhibitor MG132 decreases the production of TNF-a, IL-13
and IL-6 in cells stimulated with LPS+PMA but apparently
does not modify their expression in unstimulated cells.

MG132 decreases TNF-R1, IL-1R1 expression and
increases IL-6R expression on U937 cells

To investigate the effects of MGI132 on membrane
TNF-R1, IL-1R1 and IL-6R expression in U937 cells, we
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Figure 1. Proteasome inhibition induced a decrease in TNF-o,, IL-1f,
and IL-6. 1 x 10° U937 cells were cultured in RPMI-S medium in
the presence or absence of the proteasome inhibitor MG132
(10 pm final concentration) for 2 hr. The control and experimental
cultures were washed and stimulated or not with LPS (1 pg/
ml) + PMA (30 ng/ml) for 24 hr. The culture supernatants were
then recollected and the TNF-o, IL-1B, and IL-6 concentrations
determined by ELISA. The results represent the means + SD,
Mann-Whitney U test. P < 0-001.

analysed the expression of these receptors by flow cyto-
metry on U937 cells stimulated or not with LPS+PMA.
Figure 2 illustrates that MG132 decreased the expression
of TNF-R1 (26-15 + 2:20 MFI) and IL-1R1 (16-62 *
0-42 MFI) compared with the levels on untreated cells
(31-23 £ 2:10 MFI for TNF-R1 and 26-15 * 2-20 MFI for
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Figure 2. Regulation of TNF-R1, IL-1R1, and IL-6R expression in
U937 cells treated with MG132. 1 x 10° U937 cells were cultured in
the presence or absence of the proteasome inhibitor MG132 (10 pm
final concentration) for 2 hr. The control and experimental cultures
were washed and stimulated or not with LPS (1 pg/ml) + PMA
(30 ng/ml) for 24 hr. We then measured by flow cytometry the
expression of these receptors. The results represent the means + SD,
Kruskall-Wallis test. P < 0-05.

IL-1R1, P < 0:05). In contrast, the addition of the
MG132 proteasome inhibitor induced an increase on the
membrane expression of IL-6R (MGI132-treated cells,
29-19 £ 0-57 MFI  versus untreated cells, 26-44 £
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0-30 MFI; P < 0-05). Similarly, when MG132-treated cul-
tures were stimulated for 24 hr with LPS+PMA, we
observed a reduction in TNF-R1 and IL-1R1 expression
and an increase in IL-6R expression relative to that in the
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Figure 3. Quantification of soluble TNF-R1, IL-1R1, and IL-6R in
U937 cells treated with MG132 and stimulated with LPS + PMA.
1 x 10° U937 cells were cultured in the presence or absence of the
proteasome inhibitor MG132 (10 um final concentration) for 2 hr.
The control and experimental cultures were washed and stimulated
or not with LPS (1 pg/ml) + PMA (30 ng/ml) for 24 hr. Then
sTNF-R1, sIL-1R1, and sIL-6R soluble receptor release was deter-
mined by ELISA. The results represent the average concentrations
expressed in pg/ml. Statistical analysis was performed with aNova.
P < 0-001.

MG132-untreated cells stimulated with LPS+PMA.
Thus, proteasome inhibition decreased the expression of
TNF-R1 and IL1-R1 and increased the expression of
IL-6R.

Effects of MG132 on sTNF-R1, sIL-1R1 and sIL-6R
in U937 cells

Our next goal was to investigate whether proteasome
inhibition altered sTNF-R1, sIL-1R1 and sIL-6R release in
the U937 monocyte cell line. In Fig. 3(a) and 3(b), it is
shown that the supernatants from U937 cells treated
exclusively with MG132 show high concentrations of
STNF-R1 (424-34 + 41-37 pg/ml) and sIL-1R1 (259-80 £
7-70 pg/ml), which are significantly greater than those
observed in the wuntreated control cells (104-20 +
572 pg/ml for sTNF-R1 and 129-03 % 30-03 pg/ml for
sIL-1R1, P < 0-001). There were no differences in the
liberation of sTNF-R1 and sIL-1R1 between the cell
group stimulated with LPS+PMA and the group treated
with MGI132 and later stimulated with LPS+PMA.
Finally, we determined the MG132 effect on sIL-6R
(Fig. 3c). The inhibitor diminished the liberation of
sIL-6R (956-68 + 180-06 pg/ml) compared with untreated
cells (1628-50 £ 165-97 pg/ml; P < 0-001). Cells treated
with MG132 and later stimulated with LPS+PMA liber-
ated less sIL-6R (4315-04 *+ 155-31 pg/ml) relative to that
liberated by cells stimulated with only LPS+PMA
(5143-13 + 203-44 pg/ml; P < 0-001).

Pearson’s correlation test was used to investigate a pos-
sible relationship between the membrane expression and
liberation of soluble forms of the TNF-R1, IL-1R1 and
IL-6R receptors induced by proteasome inhibition. We
found a significant positive correlation for TNF-R1
(P < 0-02), even though the r-value was low (0-285) and
negative correlation, with r = -0-954 (P < 0-001) for
IL-6R. No correlation was found for IL-1R1. These results
together strongly suggest that the MGI132 plays an
important role in the control of membrane and soluble
receptors.

Proteasome inhibitor MG132 reverses the effects of
LPS+PMA on IxB degradation

The degradation of IkB constitutes the first step in NF-kB
activation, we performed a set of experiments to deter-
mine whether MG132 blocks the effects of LPS+PMA on
IkB degradation in U397 cells. As illustrated in Fig. 4(a),
the addition of LPS+PMA for 2 hr resulted in a rapid loss
of IkB from the cytoplasmic extracts (LPS+PMA; lane 3).
However, pretreatment with MG132 reversed the effects
of LPS+PMA on IkB degradation (lane 4). Similarly, a
slight increase in IxB was seen in cells treated with
MG312 alone (lane 2), compared with untreated cells
(lane 1).
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Figure 4. Proteasome inhibition and its effects on IkB-o degradation
and NF-kB activation. 1 x 10° U937 cells were cultured in the pre-
sence or absence of the proteasome inhibitor MG132 (10 um final
concentration) for 2 hr. The control and experimental cultures were
washed and stimulated or not with LPS (1 pg/ml) + PMA (30 ng/ml).
After 2 hr, the cytoplasmic extracts were harvested and analysed by
western blot (a). Lane 1, control; lane 2, MG132; lane 3,
LPS + PMA; lane 4, MGI132 and LPS + PMA. The test was
repeated four times with similar results. Nuclear extracts were col-
lected following 4 hr of LPS + PMA stimulation and analysed by
EMSA. Representative blot showing the NF-kB-specific complexes
(b), and the means + SD of binding activity of four experiments
(c). Lane 1, biotin~-EBNA control DNA; lane 2, biotin~-EBNA con-
trol DNA + EBNA extracts; lane 3, biotin—-EBNA control
DNA + EBNA extracts + 200-fold molar excess of unlabeled EBNA
DNA; lane 4, Control; lane 5, MG132; lane 6, LPS + PMA; lane 7,
MGI132 and LPS + PMA. Statistical analysis was performed with
the Kruskal-Wallis test. P < 0-002.

Proteasome inhibition decreases LPS+PMA-mediated
NF-kB activation

To examine whether the proteasome participates in the
regulation of the transcription factor NF-xB in U937
cells, these cells were treated with MG132 before stimula-
tion with LPS+PMA. As shown in Fig. 4(b) and 4(c),
LPS+PMA increased NF-kB activation 3-27-fold relative
to that in untreatead cells (P < 0-002). The increase in
NF-xB activation induced by LPS+PMA diminished sig-
nificantly from 3-27-fold to 0-94-fold in the group treated
with  MG132 and later stimulated with LPS+PMA

Proteasome inhibition and cytokine receptors
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Figure 5. Proteasome inhibition and its effects on AP-1 activation.
1 x 10° U937 cells were cultured in the presence or absence of the
proteasome inhibitor MG132 (10 um final concentration) for 2 hr.
The control and experimental cultures were washed and stimulated
or not with LPS (1 pg/ml) + PMA (30 ng/ml). After 4 hr, the nuclear
extracts were collected and analyzed by EMSA. Representative blot
showing the AP-1 specific complexes (a), and the means + SD of
binding activity of four experiments (b). Lane 1, biotin—-EBNA con-
trol DNA; lane 2, biotin—-EBNA control DNA + EBNA extracts; lane
3, biotin—-EBNA control DNA + EBNA extracts + 200-fold molar
excess of unlabeled EBNA DNA; lane 4, Control; lane 5, MG132; lane
6, LPS + PMA; lane 7, MG132 and LPS + PMA. Statistical analysis
was performance with the Kruskal-Wallis test. P < 0-002.

(P < 0-002). The activation of NF-«B induced by
LPS+PMA was blocked by MG132.

Proteasome inhibition enhances LPS+PMA-mediated
AP-1 activation

We studied whether the proteasome regulates AP-1 acti-
vation in U937 cells. Addition of LPS+PMA increased
AP-1 activation 1-57-fold relative to its activation in
untreated cells (P < 0-002; Fig. 5a,b). MG132 increased
the levels of AP-1 activation 2-06-fold compared with the
levels in the untreated cells (P < 0-002). There was also a
2-46-fold increase in the activation of this transcription
factor in cells treated with MG132 and later stimulated
with LPS+PMA compared with the 1-57-fold increase in
cells only stimulated with LPS+PMA (P < 0-002).
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Discussion

To study the effects of proteasomal inhibition on the
interrelationship between cytokines and their receptors,
we initially determined the effects of MG132 on proin-
flammatory cytokines (TNF-o, IL-1B and IL-6). Our
results are consistent with previous observations of the
proteasome inhibitor MG132, which indicated that
MG132 significantly diminishes proinflammatory cytokine
release.'®!”

It has been reported that the proteasome regulates the
levels of receptors on the cell surface in different ways.
For example, inhibitors of the proteasome [(e.g. MG132,
Z-1le-Glu-(O-t-butyl)-Ala-leucinal (PSI) and N-acetyl-L-
leucinyl-L-leucinyl-norleucinal (LLnL)] prevent the inter-
nalization of the interleukins, including IL-2 and IL-9,
and affect the densities of the receptors IL-2R, IL-9R,
the growth hormone receptor and the erythropoietin
receptor.”®!®

We chose to investigate TNF-R1, IL-1R1 and IL-6R
because most biological events induced by TNF-a, IL-1B
and IL-6 are mediated by these receptors.'®?® Interest-
ingly, the proteasome inhibitor MGI132 induced a
decrease in the membrane receptors TNF-R1 and IL-1R1
and an increase in the soluble receptors sTNF-R1 and
sIL-1R1. However, at the same time, the proteasome
inhibitor increased the IL-6R and decreased sIL-6R. These
results together indicate a complex and specific activity of
MG132 on TNF-a, IL-1B and IL-6, and their receptors,
which cannot be explained as toxic effects of MG132
because cellular viability was not affected. Moreover, these
observations strongly suggest the existence of a novel
mechanism by which the activity of the proteasome regu-
lates the bioavailability of these inflammatory cytokines
and consequently their bioactivity.

We found a statistically significant
between membrane and soluble receptor for TNEF-R1
and IL-6R but not for IL-1R1. This could be explained
by the fact that membrane receptors can be interna-
lized into the cells and at the same time shed from the
cell surface.”"*

Peiretti and Levine and their colleagues have elegantly
demonstrated that proteasomal inhibition activates the
shedding of TNF-a receptors from endothelial and epi-
thelial cells, respectively. In those studies, they demon-

correlation

strated that the proteasome plays an important role in
the regulation of transmembrane components of the
TNF-0—~TNFR axis.?>** In our work, we observed the
same behaviour in monocytic cells. This work also pre-
sents the first data demonstrating proteasome participa-
tion in the regulation of membrane and soluble IL-6R
and IL-1R1 in monocytic cells, which play principal roles
in the inflammatory process.

The MG132 induces different effects at the molecular
level. One involves the attenuation of NF-«B activation,

after which NF-«B can neither translocate into the nuclei
of cells nor activate the genes that encode proinflamma-
tory cytokines. This may be because the most important
target of MG132 is the proteasome.*”> This is supported
by the fact that, after treatment with MG132, there was
no degradation of the IkB molecule, which is required
for NF-kB translocation into the nucleus.'” MG132 also
acts on AP-1, which activates genes related to the expres-
sion of proinflammatory cytokines and the induction of
apoptosis.”>*’ Our results for the AP-1 transcription
factor suggest a defence mechanism for the maintenance
of some capacity of response for the same or novel
injury.

Another possible explanation of our results is that the
proteasome regulates the basal levels of extracellular sig-
nal-regulated kinase 1/2 (ERK1/2), p38 and Jun N-termi-
nal kinase (JNK) activation. Other studies have also
shown that the proteasome regulates these kinases in
THP-1 and RAW 264.7 cells."”*® These kinases induce
the activation of some enzyme members of the ADAM (a
disintegrin and metalloproteinase) family of zinc metallo-
proteases, which participate in the cleavage and shedding
of cytokine receptors, including ADAMI17 for TNEF-R1
and IL-1R1, and ADAM17 and ADAMI10 for IL-6R. It
has been reported that the proteasome is involved in the
regulation of these enzymes and others, including protein
phosphatase 2a, which induces the degradation of gp130
(a subunit of the IL-6 receptor).3’4’29’30 In this context,
the observations made in this study are consistent with
the reported literature and stress the importance of the
proteasome as an active regulator of proinflammatory
cytokines and their receptors.

ERK1/2, p38 and JNK participate in the activation of
the AP-1 transcription factor.”® This would explain the
results represented in Fig. 5, which show that proteasomal
inhibition increased the activation of AP-1.

We are currently investigating the role of the protea-
some in the regulation of receptors involved in the
inflammatory process, like TREM-1, Toll-like receptors
and NOD proteins, in immune cells and their regulation
in in vitro and in vivo inflammatory models.

Our observations are important because both inflam-
matory and autoimmune diseases, such as rheumatoid
arthritis, intestinal inflammatory disease, multiple sclero-
sis and asthma, are often associated with the active partic-
ipation of monocytic cells and with the deregulated
expression and biosynthesis of proinflammatory cytokines
and their receptors, which influence a plethora of cellular
functions.?>*®> Therefore, proteasomal inhibition might
be an anti-inflammatory strategy for these diseases.”* In
conclusion, proteasomal inhibition may offer a means of
regulating proinflammatory cytokines and their receptors,
as well as the NF-xB and AP-1 transcription factors,
which participate in the pathophysiology of inflammatory
diseases.
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