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Autoimmune disorders are characterized by the activation of
lymphocytes including autoreactive T and B cells and defec-
tive basic mechanisms of immunological regulation1. The
extent of organ involvement leading to inflammatory tissue
damage is crucial for the prognosis and outcome. In this
context, a significant difference exists between systemic and
organ-specific autoimmune diseases regarding the clinical

manifestations and immunological disturbance. The protea-
some plays a key role in the initiation and prolongation of
the immune response by determination of the difference
between self and non-self of each eukaryotic cell2.
Moreover, it is influenced in its expression and proteolytic
activity by inflammatory processes.

The proteasome represents an essential multicatalytic
proteinase complex with cytosolic and nuclear localiza-
tion3,4. This central protein degradation apparatus accounts
for about 1% of the overall cytoplasmic proteins of certain
cells5. Moreover, the proteasome is responsible for the
processing of several transcriptional factors (i.e., nuclear
factor-κB), for cell cycle control, and the generation of
MHC class-I restricted antigens. We identified a frequent B
cell response against several subunits of the proteasome in
patients with systemic autoimmune diseases. Interestingly,
sera from patients with autoimmune myositis and systemic
lupus erythematosus (SLE) exhibited a predominant recog-
nition of the proteasomal α-type subunit HC9 (α3)6,
whereas sera from patients with primary Sjögren’s
syndrome (SS) reacted against an extended number of
different proteasome subunits7.
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ABSTRACT. Objective. The 20S proteasome plays a leading immunologic role in the cytosolic generation of
MHC class I restricted antigens, and it represents an abundant antigen in several autoimmune
diseases. To investigate the effects of autoimmune inflammatory and perioperative traumatic cellular
damage, we determined qualitative and quantitative properties of released proteasomes (circulating
proteasomes, cProteasomes) from serum samples of patients with a variety of autoimmune diseases.
Methods. cProteasomes were analyzed from serum samples of 314 patients with several systemic
and organ-specific autoimmune diseases and 85 healthy controls. The concentrations of
cProteasomes were determined by sandwich ELISA using a monoclonal and a polyclonal protea-
some-specific antibody. Followup analyses were performed in patients with systemic lupus erythe-
matosus (SLE) and rheumatoid arthritis (RA) as well as in patients with myasthenia gravis
undergoing thoracoscopic thymectomy.
Results. Strongly increased levels of cProteasomes (> 1000 ng/ml) were detected in samples
obtained from patients with autoimmune myositis, SLE, primary Sjögren’s syndrome, RA, and
autoimmune hepatitis. Significant differences were observed in the mean values of cProteasomes
comparing systemic with organ-specific autoimmune diseases. Followup analyses revealed a close
correlation of cProteasome with the autoimmune process as well as cellular damage. Moreover,
cProteasomes were isolated in intact and native as well as in degraded or dissociated forms from the
serum samples. The immuno-subunit LMP7 was found to be incorporated in the circulating protease
complex.
Conclusion. Levels of cProteasomes are markedly elevated in patients with systemic autoimmune
diseases, apparently correlating with disease activity. The cProteasomes represent novel sensitive
markers of the autoimmune inflammatory processes and/or reflect the magnitude of cellular damage.
(J Rheumatol 2002;29:2045-52)
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An initial study had shown that proteasomes were
detectable in the circulation of patients with hematologic
malignancy as well as in some patients with autoimmune
and inflammatory liver disorders8. In this investigation, we
pursued the hypothesis whether detectable amounts of
proteasomes would be released in response to cellular
damage and/or immunological activity. To further charac-
terize the role of proteasomes under autoimmune inflam-
matory and perioperative traumatic conditions, we
investigated patients with a variety of different autoim-
mune diseases for their concentrations of circulating
proteasomes (cProteasomes). Patients with systemic
autoimmune manifestations like autoimmune myositis,
SLE, primary SS, rheumatoid arthritis (RA), vasculitis,
and scleroderma were included in comparison with organ-
specific disorders like autoimmune hepatitis and myas-
thenia gravis. To determine the correlation of
cProteasomes with disease activity, followup analyses
were performed in comparison with known immunological
markers in patients with SLE and RA. Levels of
cProteasomes were also monitored in patients with myas-
thenia gravis undergoing a thoracoscopic thymectomy.

MATERIALS AND METHODS
Patient sera. Sera from the following patient groups were investigated: 16
patients with polymyositis (PM) and dermatomyositis (DM) (including 6
patients with an anti-Jo-1 syndrome) classified according to Bohan and
Peter9, 76 patients with SLE fulfilling the 1982 revised American College
of Rheumatology criteria10, 56 patients with primary SS diagnosed
according to Vitali, et al11, 21 patients with scleroderma (including 7 with
CREST syndrome)12, 66 patients with RA13, 21 patients with systemic
vasculitis14, 11 patients with primary antiphospholipid syndrome15, 37
patients with autoimmune hepatitis16, 10 patients with myasthenia gravis17

undergoing thoracoscopic thymectomy18, and 85 healthy controls. All
materials were obtained at the Charité University Hospital. 

Purification of 20S proteasome and protease assay. 20S proteasomes were
enriched from human serum samples as well as red blood cells by ion
exchange chromatography on DEAE-Sephacel (Pharmacia & Upjohn,
Freiburg, Germany) and by fractionated ammonium sulfate precipitation
with 40–65% saturation. After ultracentrifugation in a 10–40% sucrose
gradient for 16 h at 40,000 rpm (SW40, Beckman Coulter, Fullerton, CA,
USA) fractions were collected in 0.6 ml aliquots. Identification of protea-
somes from gradient fractions was performed in immunoblot analysis and
by protease activity assays using fluorogenic peptides as substrate (Z-GGL-
MCA, Bz-VGR-MCA, and Z-LLE-ßNA). For proteasome detection the
polyspecific antibody MP1 and the subunit-specific antibody against LMP7
(ß5i) were used19,20.

Monoclonal and polyclonal antiproteasome antibodies. Mice were injected
intraperitoneally with 50 µg human proteasome protein emulsified in
complete adjuvant (Biogenes GmbH, Berlin, Germany). Booster injections
with incomplete and without adjuvant were given after a resting period of
2 mo. Spleen cells were taken one day after the last booster injection and
fused with SP2/0-Ag14 myeloma cells from the German Collection of
Microorganisms and Cell Cultures in the presence of polyethylene glycol
4000. Antibody activity of hybrid colonies was measured in solid-phase
binding assays after adsorbing 5 µg/ml proteasome to polystyrene
microtiter plates. The incubation with the antibody-containing solution was
performed for 1 h. The antibodies were detected by biotin labeled goat anti-
mouse immunoglobulin (Fc-specific, Sigma A-2429, Steinheim, Germany)
and goat anti-mouse immunoglobulin (Fab-specific, Sigma A-2179).

Quantification of bound enzyme was performed with paranitrophenol-
containing substrate buffer in a microplate reader.

The polyclonal anti-proteasome antibody K42 was generated by immu-
nization of a rabbit with proteasomes purified from human red blood cells
and used at a dilution of 1:1000.

Immunoblotting. For immunoblotting, purified proteins were separated by
15% sodium dodecyl sulfate-polyacrylamide gel electrophoresis and subse-
quently transferred onto nitrocellulose membranes. The remaining binding
sites were blocked with phosphate buffer saline (PBS), pH 7.4, containing
5% skim milk for 2 h. Then polyclonal anti-proteasome antibody MP1 and
a monoclonal anti-proteasome antibody against the interferon-γ inducible
subunit LMP7 were added. Antibodies bound to the proteasome were
detected by goat anti-rabbit IgG antibodies coupled with horseradish perox-
idase diluted 1:10,000 in PBS/0.1% Tween 20/5% skim milk. Antibodies
were visualized using radiographic films exposed to ECL treated blots
(Boehringer, Mannheim, Germany).

Determination of circulating proteasome. Microtitration plates were coated
overnight with the polyclonal proteasome-specific anti-proteasome anti-
body K42 1:1000 in carbonate buffer, pH 9.6. Remaining binding sites
were blocked with 0.5% fetal calf serum (FCS) in PBS, pH 7.4. Human sera
and plasma samples were diluted 1:10 and applied to each well for 1 h at
room temperature. Standard curves were established using purified human
proteasome in a concentration of 1000 ng/ml to 12.5 ng/ml (6 linear dilu-
tion steps). After a washing step, a biotin labeled monoclonal anti-protea-
some antibody, HP903 (10 µg/ml), was used for the detection of the antigen
(dilution 1:1000) for an incubation period of 1 h at room temperature. The
bound biotin labeled antibodies were detected enzymatically using strepta-
vidin-POD (Sigma; dilution 1:2000) with tetramethylbenzidine as substrate
using a microplate reader at 450 nm after an incubation time of 30 min. The
cutoff was calculated using the mean value plus 2.5-fold SD obtained from
85 healthy controls that allows keeping all results of the group within the
normal range. To exclude the possibility of nonspecific binding, we tested
several control proteins (bovine serum albumin, FCS) instead of protea-
some and did not observe any positive reaction (data not shown).

Statistical analysis. For computation of general statistics (mean, standard
deviation, minimum, maximum) the SAS MEANS procedure was used
(SAS System, Release 8.2)21. Pairwise comparisons of means were realized
as t test or Welch test in dependence on equal or unequal variances. All tests
were computed with the SAS T-TEST procedure22.

RESULTS
cProteasomes in autoimmune diseases. To determine the
amount of cProteasomes in autoimmune diseases, 2
different specific anti-proteasome antibodies (monoclonal
and polyclonal) were used in a sandwich ELISA. Based on
analyses of 85 sera from healthy donors, the cutoff for
cProteasomes was determined to be < 400 ng/ml (Figure 1).
In collagen vascular diseases enhanced levels of
cProteasomes were found in 80% (8/10) of patients with
autoimmune myositis, in 100% (6/6) of patients with an
anti-Jo-1 syndrome, in 73% (56/76) of patients with SLE, in
64% (36/56) of patients with primary SS (Figure 1A), in
57% (8/14) of patients with scleroderma, and in 28% (2/7)
of patients with a CREST syndrome (Figure 1B). Moreover,
elevated cProteasome levels were also identified in other
autoimmune disorders, such as in patients with RA 68%
(45/66) (Figure 1A), systemic vasculitis 66% (14/21),
antiphospholipid syndrome 72% (8/11), and autoimmune
hepatitis 67% (25/37) (Figure 1B).

The Journal of Rheumatology 2002; 29:102046

Personal non-commercial use only.  The Journal of Rheumatology Copyright © 2002.  All rights reserved.

 www.jrheum.orgDownloaded on May 24, 2023 from 

http://www.jrheum.org/


All groups of investigated autoimmune diseases showed
significantly elevated cProteasome levels compared to
healthy controls (p < 0.01). Notably, strongly increased
levels of cProteasomes (> 1500 ng/ml) were detected in
samples obtained from patients with autoimmune myositis,
SLE, primary SS, RA, and autoimmune hepatitis (Figure 1).
Higher cProteasome concentrations were found in the
systemic forms of the autoimmune diseases compared to the
milder and limited manifestations (Table 1). In detail,
patients with systemic scleroderma (mean 499.4 ng/ml)
exhibited higher levels than patients with CREST syndrome
(mean 353.8 ng/ml), whereas all patients with myasthenia
gravis (mean 293 ng/ml) exhibited normal levels of

cProteasomes. Depending on the severity of the autoim-
mune disorders investigated, the levels of cProteasomes
were significantly different. In particular, patients with
autoimmune myositis and SLE showed strikingly enhanced
cProteasome levels compared with other autoimmune
diseases (Table 2).

A comparison with disease activity scores and other sero-
logic variables would be of major interest to further clarify
the role of cProteasomes in autoimmune diseases. But
possible different kinetic probabilities of cProteasomes in
comparison to other serologic measures [like creatine phos-
phokinase (CPK) in myositis] could lead to major discrep-
ancies in one-time point analyses of the enzymes.

Egerer, et al: Circulating proteasomes in autoimmune diseases 2047

Figure 1. Circulating proteasomes were significantly increased in sera from patients with various autoimmune diseases. Serum levels of the antigen were
determined by sandwich ELISA; mean values of all patient groups and healthy controls are indicated. The physiologic cutoff for circulating proteasomes was
calculated to be < 400 ng/ml by using serum samples from 85 healthy controls. Highest antigen levels were detectable in patients with autoimmune myositis
(8627.2 ng/ml), SLE (3160.4 ng/ml), primary SS (3385.1 ng/ml), RA (2337.9 ng/ml), and autoimmune hepatitis (AIH; 2060.8 ng/ml).

Table 1. Proteasomes (ng/ml) in patients with autoimmune diseases.

Standard 
Disease n Mean Deviation Minimum Maximum

Autoimmune myositis 10 1598.40 2519.40 334.90 8627.20
Jo-1 syndrome 6 693.02 355.15 405.60 1398.90
SLE 76 681.30 439.53 280.30 3160.40
Autoimmune hepatitis 37 669.76 461.21 206.90 2060.80
Primary SS 56 598.60 483.59 280.30 3385.10
Antiphospholipid syndrome 11 565.91 200.72 280.30 910.30
Rheumatoid arthritis 66 531.64 279.79 265.80 2337.90
Vasculitis 21 522.17 237.47 258.70 1174.00
Systemic scleroderma 14 499.40 176.29 265.80 832.20
CREST syndrome 7 353.80 89.19 231.80 475.10
Myasthenia gravis 10 293.00 64.68 195.10 380.40
Healthy 85 221.41 72.54 68.20 391.70
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Nevertheless, we directly compared the levels of
cProteasomes with CPK and myoglobin concentrations in
the group of patients with autoimmune myositis. In 7 out of
the 10 patients CPK and myoglobin levels were available
for the same time point as the cProteasome analysis. As a
result, we found corresponding levels of all variables in
individual cases (Table 3). To further investigate the corre-
lation of cProteasomes with other markers, we started an
ongoing prospective followup study.

cProteasomes in followup analyses. To study the role of
cProteasomes in the disease course and to compare the
levels with known immunologic markers including C-reac-
tive protein (CRP) and soluble adhesion molecules sE-
selectin, sICAM-1 and sVCAM-123,24, retrospective

followup analyses were performed in 2 patients with RA
over a period of 2 years and in a patient with SLE over a
period of 4 years. In the patient with severe RA, a serologic
followup of cProteasomes was observed in correlation with
disease activity and the corresponding CRP concentrations
(Figure 2). In this case, levels of CRP and cProteasomes
were elevated during the whole observation period. A clin-
ical improvement was accompanied by a clear decrease of
both markers, whereas clinical flares were associated with
an increase of CRP, reflecting the inflammation as well as
the cProteasome levels. Another patient, with a mild form of
RA (Figure 3), revealed a clear correlation with disease
activity and levels of circulating adhesion molecules as

The Journal of Rheumatology 2002; 29:102048

Table 2. Results of pairwise comparisons of means of cProteasomes in
patients with autoimmune diseases (t or Welch test, SAS T-TEST proce-
dure).

Disease Versus p

Autoimmune myositis SLE 0.0041
Primary SS 0.0070

Rheumatoid arthritis 0.0010
Autoimmune hepatitis 0.0352

SLE Rheumatoid arthritis 0.0156
Systemic sclerodermia 0.0112

Vasculitis 0.0315
CREST syndrome 0.0001
Myasthenia gravis 0.0001

Jo-1 syndrome CREST syndrome 0.0319
Myasthenia gravis 0.0410

Autoimmune Hepatitis CREST syndrome 0.0005
Myasthenia gravis 0.0001

Primary SS CREST syndrome 0.0015
Myasthenia gravis 0.0001

Antiphospholipid syndrome CREST syndrome 0.0080
Myasthenia gravis 0.0011

Rheumatoid arthritis CREST syndrome 0.0112
Myasthenia gravis 0.0001

Vasculitis CREST syndrome 0.0115
Myasthenia gravis 0.0004

Systemic scleroderma CREST syndrome 0.0212
Myasthenia gravis 0.0009

Table 3. Comparison of cProteasomes with CPK and myoglobin levels in
patients with autoimmune myositis. Reference ranges for CPK < 80 U/l, for
myoglobin < 70 µg/l.

Patient cProteasomes, CPK, Myoglobin,
ng/ml U/l µg/l

1 334.9 36 62
2 396.3 43 44
3 405.6 11 46
4 469.9 245 111
5 587.6 20 25
6 1334.1 690 196
7 8627.2 2380 1942

Figure 3. Followup analysis of cProteasomes in a patient with less severe
RA. cProteasomes revealed a close correlation to disease activity in corre-
lation with sVCAM-1 (reference values 395–714 ng/ml), sICAM-1 (refer-
ence values 229–410 ng/ml), and sELAM-1 (reference values 9.0–42.0
ng/ml). The adhesion molecules were measured with a commercial assay
(R&D Systems, Minneapolis, MN, USA).

Figure 2. Followup analysis of cProteasomes in a patient with severe RA.
cProteasomes revealed a close correlation to disease activity and concen-
trations of C-reactive protein (CRP; reference values 0–0.8 mg/dl).
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sensitive markers of immune activity. While cProteasome,
sVCAM-1, and sICAM levels were within the reference
range over the whole period, the levels of sELAM-1 were
only initially slightly elevated. In this context, the CRP
levels were also within the normal range (data not shown).

Furthermore, followup analyses of a patient with severe
SLE showed a correlation of cProteasome levels with the
titers of anti-DNA antibodies (Figure 4). It should be
emphasized that the cProteasome levels decreased prior to
the anti-DNA antibodies after effective therapeutic interven-
tions with prednisolone. However, in this particular case the
second flare was accompanied by a stronger increase in
cProteasome levels compared to autoantibody titers.
Altogether, these followup analyses in patients with RA and
SLE indicate that the levels of cProteasomes appear to be
related to disease activity and may represent the extent of
cell damage.

Perioperative followup analyses of cProteasomes. To study
whether cProteasomes are also elevated in organ-specific
autoimmune diseases or by traumatic tissue damage, we
investigated 10 patients with myasthenia gravis undergoing
thoracoscopic thymectomy. Since all patients were treated
by the same surgeon performing the same minimally inva-
sive procedure this trauma could be considered standard-
ized. Interestingly, all patients exhibited normal
preoperative levels of cProteasomes (Figure 5). From the
beginning of anesthesia, during the thymectomy, and until
the end of the operation the cProteasome levels decreased
significantly (p < 0.01). Notably, a significant postoperative
increase in the levels of cProteasomes was recognized at 12
PM of the operation day until the end of the observation
period (p < 0.03).

Detection of cProteasomes. To investigate the composition
of cProteasomes in systemic autoimmune diseases, we
concentrated the cProteasome fraction from serum samples

of patients with SLE and primary SS (Figure 6). After ion
exchange chromatography on DEAE Sephacel the protea-
some-containing proteins were subjected to sucrose gradient
centrifugation for size dependent separation. After centrifu-
gation, the fractions were analyzed for their peptide
hydrolyzing activity and proteasome content by Western
blotting. Two fractions corresponding in molecular mass to
the reference 20S proteasomes isolated from red blood cells
exhibited proteasome-specific hydrolyzing activity.

Proteasomal proteins were detected by immunoblotting
with the proteasome-specific antibody MP1, which recog-
nizes most of the proteasomal subunits allowing a high
sensitivity particularly for dissociated complexes and by the
anti-LMP7-specific antibody (Figure 6). The affinities of
MP1 against the single proteasomal subunits differ and by
the recognition signals depend on the applied protein
concentrations. The antibodies used in the sandwich ELISA
were not optimal for usage in immunoblotting. The mono-
clonal antibody reacts with the native proteasome only,
whereas the polyclonal antibody K42 recognizes 2 or 3
proteasomal subunits in Western blots (data not shown).

Interestingly, proteasomes derived from the 2 patients’
sera also contained the immuno-subunit LMP7 (ß5i), while
the amount of LMP7 (ß5i) appeared to be higher in the
sample from the patient with primary SS. Proteasomal
proteins were also identified in 3 of the proteolytically inac-
tive lower fractions. These proteins most likely correspond
to partially degraded or dissociated enzyme complexes.

Egerer, et al: Circulating proteasomes in autoimmune diseases 2049

Figure 4. Followup analysis of cProteasomes in a patient with severe SLE.
cProteasomes showed a close correlation to disease activity, response to
therapy, and anti-dsDNA antibody titers measured by ELISA (reference
value < 5.97 U/ml).

Figure 5. Perioperative followup analysis of cProteasomes. Thoracoscopic
thymectomy was performed in 10 patients with myasthenia gravis. Sera
were obtained at time points (1) 7 AM on the day prior to operation, (2)
before induction of anesthesia, (3) after induction of anesthesia, (4) after
complete trocar insertion for thoracoscopic approach, (5) preparation of
the thymus, (6) extraction of the thymus, (7) after reinflation of the lung,
(8) endpoint of operation, (9) 12 PM on the day of operation, (10) 7 AM
on the first postoperative day, (11) 7 AM on the second postoperative day.
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DISCUSSION
This investigation reveals that proteasomes are elevated in a
variety of autoimmune diseases. In initial analyses, we
observed an apparent correlation of circulating proteasomes
with disease activity in patients with RA and SLE. Data
from a cohort of 314 patients and 85 controls suggest a close
correlation between the autoimmune process and the magni-
tude of organ involvement. Moreover, followup data from
patients with myasthenia gravis undergoing a standardized
microinvasive operation showed that cProteasomes are
sensitive and reliable markers of cellular damage. Most
notably, the levels of proteasomes were strongly increased
in serum and plasma samples of patients with active autoim-
mune diseases compared to healthy controls. Using a
specific ELISA system, we detected maximum concentra-
tions of 8500 ng/ml of cProteasomes — about 20-fold above
the normal levels.

In general, the results of a sandwich ELISA depend on
the quality of the capture and detection antibodies and the
quality of antigen used for the standard curve. Thus it is not
surprising that different proteasome concentrations were
measured for healthy persons by other assays25,26. In partic-
ular, differences could be attributed to the detection of
different amounts of the intact protease complex or degra-
dation products like rings or single subunits of the protea-
some. However, the differences in the concentrations of
cProteasomes in our study are comparable to the reference
range (359.6 ± 88 ng/ml) of Wada, et al8.

The finding of elevated cProteasome levels cannot be
exclusively ascribed to inflammatory and/or traumatic cell
damage. Additional factors could potentially cause elevated
levels of cProteasomes, such as defects in apoptosis and
altered clearance mechanisms, as reported for systemic
autoimmune diseases27. In this context, we note that similar

The Journal of Rheumatology 2002; 29:102050

Figure 6. Detection of circulating proteasomes in sera from a patient with SLE (A) and a patient with primary SS
(B). In both samples 2 fractions within the molecular weight of native proteasome, 12 and 13, expressed prote-
olytic activity employing fluorogenic peptides. Proteolytically nonactive fractions 4–9 (A) and 3–7 (B) with
proteins of lower molecular weights were recognized by the polyclonal anti-proteasome antibody MP1 (A and B,
middle panel). In addition, immuno-subunit LMP7 (ß5i) was identified, indicating that the activated immunopro-
teasome contributed significantly to the circulating complex (A and B, lower panel). Isolation of proteasomes
from the circulation of a healthy control revealed no signals in the proteinase assays and the immunoassays (C).
Detection of proteasomes derived from red blood cells (RBC) of healthy controls is shown in A, B, and C (upper
panels) using the polyclonal anti-proteasome antibody MP1.
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results were documented for circulating levels of DNA in
patients with SLE28. This indicates that the availability of
autoantigens may be of crucial importance in systemic
autoimmune diseases, apparently exceeding the normal
range. In previous studies, we detected anti-proteasome
antibodies in 60% (23/39) of patients with PM/DM, in 57%
(34/60) of patients with SLE, and in 39% (17/43) of patients
with primary SS6,7. Consistent with our initial data on the
autoantibody response against proteasomes with remarkable
high antibody titers in SLE and autoimmune myositis, the
highest concentrations of cProteasomes were again
observed in patients with active PM/DM and SLE. The
markedly elevated levels of cProteasomes suggest that the
proteasome apparently drives its own autoimmune response
in these entities.

The proteasome is an abundant cytosolic and nuclear
proteinase of the eukaryotic cell5 and represents the central
protein degradation apparatus as we know it. The cylindrical
structure of the 20S complex is highly conserved throughout
the evolution of eukaryotes29. Of note, only the completely
arranged complex (αßßα rings) mediates proteolytic
activity. Three active sites of the 20S proteasome have been
described in association with distinct ß-type subunits: Z
(ß2), MB1 (ß5), and delta (ß1)30,31. In humans, these
subunits are replaced by the subunits LMP2 (ß1i), LMP7
(ß5i), and MECL1 (ß2i) upon response to inflammatory
cytokines, such as interferon-γ and tumor necrosis factor-α
(TNF-α), on distinct tissues and cells. Subsequently, the so-
called immunoproteasome is formed32-34. In contrast, red
blood cells and muscles primarily contain the constitutive
forms of the proteasome. Interestingly, the clearance mech-
anism of the proteasome itself remains unknown, while the
extracellular stability of this complex is remarkable.

The isolation and characterization of the proteasome
obtained from the patients’ circulation revealed significant
amounts of intact 700 kDa protein complex with residual
proteolytic activity as well as degraded or dissociated
compounds of the proteasome. Remarkably, the inducible
subunit of the proteasome, LMP7 (ß5i), was also integrated
into the complex and the fragments. Thus the expression of
inflammatory cytokines (interferon-γ or TNF-α) may have
influenced the composition of the proteasomal complex
identified in the circulation of patients with RA and SLE.
The most abundant sources of inflammatory cytokines
(especially interferon-γ and TNF-α) are T cells. In accord
with these findings, cellular immunity plays an essential role
in systemic autoimmune diseases with tissue infiltrates by
lymphocytes and activation of lymphocytes. In this context,
interferon-γ and/or TNF-α are potentially involved in the
pathogenesis of these entities, and could have an influence
on the proteolytic properties of proteasomes, and thus on the
quantity and quality of MHC class I related antigens.
Moreover, our data suggest that circulating proteasomes
come primarily from immunocompetent cells like

macrophages/monocytes, lymphocytes, and other non-
professional antigen-presenting cells.

The elevated cProteasomes are a sensitive indicator for
tissue injury and cellular turnover reflecting the chronic and
destructive activity of rheumatic diseases. In addition to
clinical and serological signs, cProteasomes represent a
candidate for a novel marker of disease severity and activity
in autoimmune processes. Elevated levels of cProteasomes
appear to trigger the subsequent immune response, indi-
cating an antigen driven mechanism, whereas the concentra-
tions of the antigen released reflect the magnitude of cellular
damage in autoimmune diseases.
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