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Abstract 
High systemic levels of type-I Interferons (IFN) support autoimmunity, in part 
through the induction of inflammatory dendritic cells (DC). The purpose of this 
study was to compare ONX 0914, a next-generation selective immunoprotea-
some inhibitor, to Bortezomib (BTZ), the first registered general proteasome 
inhibitor, in its ability to block differentiation of inflammatory DC from mono-
cytes, induced by either IL-4 (IL-4 DC) or IFN-α (IFN-DC). While ONX 0914 
and BTZ were equally effective at inhibiting differentiation and maturation of 
both DC types, development of IFN-DC was more profoundly affected, in keep-
ing with their higher relative immunoproteasome content. Indeed, our results 
show that immunoproteasome inhibition completely abrogates IFN-DC differ-
entiation and their ability to induce pro-inflammatory T cells. We conclude that 
selective immunoproteasome inhibition by ONX 0914 blocks inflammatory DC 
development with equal efficacy to BTZ and may present a more viable immu-
nosuppressive therapy option for autoimmune disorders with putatively fewer 
side effects.

Introduction
Dendritic cells (DC) play a central role in the induction of specific immune re-
sponses as they specialize in the capture, processing and presentation of an-
tigens while shifting from an immature to a mature state. This is a complex 
process and abnormalities in DC homeostasis have been implicated in vari-
ous human autoimmune diseases. Consequently, cytokines regulating DC de-
velopment and functionality are also key mediators of chronic inflammation.1 
IFN-α is such a prototype cytokine which is mainly produced by plasmacytoid 
DC (pDC) and which has been found at excessively high systemic or tissue lev-
els in various autoimmune diseases including Systemic Lupus Erythematosus 
(SLE), Sjögren’s Syndrome, dermatomyositis and in early stages of psoriasis,2–5 
Paquette et al first described an IFN-induced DC subset originating from mono-
cytes cultured in the presence of IFN-α. Blanco et al subsequently reported the 
differentiation of DC upon culture of monocytes in the presence of serum from 
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SLE patients, and showed high levels of IFNα, contained within the serum, to 
be the cause.6,7 Since then, several reports have emerged describing the in vi-
tro differentiation of DC in the presence of GM-CSF and IFN-α (IFN-DC) rather 
than the more classical combination of GM-CSF and IL-4 (IL4-DC) introduced by 
Sallusto and Lanzavecchia in 1994.8 These highly active IFN-DC have been well 
characterized and found to display pro-inflammatory properties, including high 
expression levels of (co-)stimulatory molecules and the propensity to induce 
T-helper-1 (Th1) responses.9–11 

The strong immune stimulatory properties of IFN-DC can also be at-
tributed to an enhanced expression of the antigen processing machinery and of 
inducible immunoproteasome subunits.11 Besides controlling antigen process-
ing and presentation, the ubiquitin-proteasome system (UPS) maintains cellu-
lar homeostasis by mediating ubiquitination and degradation of proteins that 
control apoptosis induction and pro-inflammatory cytokine production via NF-
κB activation.12,13 Constitutive proteasomes, present in most cells, contain three 
catalytic subunits: the β5 (PSMB5), β1 (PSMB6) and β2 (PSMB7) subunits that 
cleave proteins after hydrophobic, acidic, and basic amino acid residues, respec-
tively.14 Cytokine (IFN-γ and/or TNFα) induced proteasomes, i.e. immunopro-
teasomes, are mainly present in cells of hematological origin and contain alter-
native forms of the catalytic subunits: β5i/LMP7 (PSMB8), β1i/LMP2 (PSMB9), 
and β2i/MECL1 (PSMB10).15 Immunoproteasomes can generate a distinct pep-
tide repertoire for MHC-class I presentation.16

Proteasome inhibitors (PIs) have been recognized as cancer therapeu-
tics and are considered as anti-inflammatory agents.17 Bortezomib (BTZ), the 
first clinically approved proteasome inhibitor (PI), targets both constitutive 
and immunoproteasome subunits via reversible binding to the proteasome.18 
Although immune suppression through inhibition of cytokine production by 
BTZ has been observed in several inflammatory models,19,20 its reported toxici-
ty21 precludes its clinical application for long-term treatment of chronic inflam-
matory disorders.22 Several next-generation PIs have been designed and tested 
with the capacity to bind specifically and irreversibly to its targets, the constitu-
tive and/or immunoproteasome.22–26 One of these agents is ONX 0914 (formerly 
PR-957), which is an epoxyketone-based, selective inhibitor of the immunopro-
teasome through targeting of the β5i/LMP7 subunit that might therefore prove 
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to be better tolerated in the clinic. In pre-clinical studies, it was shown to reduce 
symptoms of autoimmunity and associated high levels of pro-inflammatory cy-
tokines in mouse models of arthritis and Lupus.27,28 

Here, we show that selective immunoproteasome inhibition afforded by 
ONX 0914 is equally effective at blocking inflammatory DC development and 
functionality as compared with BTZ. In particular the observed abrogation of 
IFN-DC development and their T cell stimulatory effects, points to ONX 0914 as 
an attractive alternative to BTZ in the treatment of autoimmune disorders.

Materials and Methods
Chemicals 
Bortezomib (BTZ) was provided by Millennium Pharmaceuticals (Cambridge, 
USA) and ONX 0914 by Onyx Pharmaceuticals, Inc. (South San Francisco, USA). 
5- (6)-Carboxyfluorescein diacetate N-succinimidyl ester (CFSE) was purchased 
from Sigma-Aldrich (St. Louis, MO, USA).

IFN- and IL-4-DC cultures
Monocyte-derived DC (MoDC) were cultured using peripheral blood mononucle-
ar cells (PBMCs) isolated from healthy donor buffy coats (Sanquin, Amsterdam, 
the Netherlands). PBMCs were isolated by density centrifugation over 
Lymphoprep (Fresenius AS, Norway) and CD14 positive monocytes were posi-
tively selected with MACS magnetic beads (Miltenyi Biotec, Germany) according 
to the manufacturer’s protocol. MoDC were differentiated from monocytes over 
a period of five days in medium (RPMI 1640, Lonza) supplemented with 10% 
FCS, 100 IU/ml sodium-penicillin, 100 μg/ml streptomycin, 2 mM L-glutamine, 
50 μM β-mercaptoethanol (2ME). To obtain IL4-DC, monocytes were cultured 
with 100 ng/ml GM-CSF (Bayer, Germany) and 10 ng/ml IL-4 (R&D, Diagnostics, 
Minneapolis, MN), whereas IFN-DC were generated by culture of monocytes 
with 100 ng/ml GM-CSF and 1000 U/ml IFN-α (R&D, Diagnostics, Minneapolis, 
MN). MoDC were matured by an additional 2-day culture with 25% monocyte 
conditioned medium (MCM), prepared as described previously 29 and 2,400 IU/
ml TNFα  (Miltenyi Biotec, Bergisch Gladbach, Germany). To study their effects 
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on differentiation, the PIs BTZ (5 nM) and ONX 0914 (100 nM) were added at 
the start of differentiation. To study their effects on maturation, PIs were added 
in the same concentrations to immature DC, differentiated in the absence of PIs 
prior to maturation induction.

FACS analysis – immunophenotyping 
Immature and mature IL4- and IFN-DC were immunophenotyped using FITC- 
and/or PE-conjugated monoclonal antibodies (mAb) directed against: CD1a 
(1:10), CD14 (1:25), CD83 (1:10), CD25 (1:25), CD80 (1:10), CD86 (1:10), HLA-
ABC (1:25), HLA- DR (1:25) and CD40 (1:10) (BD Biosciences, San Jose, CA). In 
short, 3–8 × 104 cells were washed with PBS supplemented with 0.1% BSA and 
0.02% NaN3, and incubated with specific or corresponding isotype-matched 
control mAb for 30 minutes at 4˚C. Cells were washed and analyzed with 
a FACSCalibur flow cytometer (Becton and Dickinson, San Jose, CA), using 
CellQuest Pro software. Results were expressed as percentages of positive cells 
or mean fluorescence intensities.

Western blot analysis 
The expression of constitutive and/or immunoproteasome subunits was deter-
mined by Western blot analysis. In short, 1-2 × 106 immature or mature DC were 
harvested on day 5 or day 7 respectively and washed 3 times with ice-cold PBS 
at pH 7.4. Total cell lysates were prepared by resuspending the cells in 0.1 ml ly-
sis buffer (Cell Signaling Technology) containing 4% Protease Inhibitor Cocktail 
and 0.1% NaVO4. The suspension was sonicated (MSE sonicator, amplitude 7, 
for 3 × 5 seconds with 20-second time intervals at 4°C) and centrifuged in an 
Eppendorf micro-centrifuge (5 min, 12.000 rpm, 4°C). Protein content of the 
supernatant was determined by the Bio-Rad Protein Assay using a bovine se-
rum albumin (BSA) standard. Protein aliquots (30 μg) of total cell lysates were 
fractionated on a 4-20% TGX pre-cast gel (BioRad) containing SDS, and trans-
ferred onto a PVDF membrane. The membranes were pre-incubated for 1 hour 
in blocking buffer (Odyssey Blocking Buffer, LI-COR, Biosciences) to prevent 
non-specific antibody binding. After blocking, the membranes were incubated 
overnight at 4ºC with specific antibodies directed against proteasome subunits. 
Expression of the general 20S proteasome subunit was detected using anti-α7 
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(Clone MCP72; 1:1000) mAb, the specific constitutive proteasome subunits 
were detected using anti-β5 (1:1000) and anti-β1 (Clone MCP421; 1:1000) and 
the specific immunoproteasome subunits were detected using anti-β5i (LMP7-
1; 1:1000) and anti-β1i (LMP2-13;  1:10.000) antibodies (Enzo Life Sciences; 
Farmingdale, NY, USA). β-actin (1:2500 diluted antibody, mouse monoclonal 
Clone C4, Temecula, Millipore) was used as a control for equal protein dose 
loading. After 3 washing steps with Tris-buffered saline with 0.05% Tween, 
the membranes were incubated for 1 hour with goat-anti-mouse or goat-an-
ti-rabbit secondary antibody conjugated to IRDye®800CW and IRDye®690RD 
(1:10.000, Odyssey; LI-COR, Biosciences, Nebraska, USA). Detection of antibody 
binding was obtained using the LI-COR Odyssey scanner (Biosciences) accord-
ing to the manufacturers’ instructions and digital image acquisition and quan-
tification (normalized to β-actin levels) was performed using the Odyssey in-
frared imaging system software (version 3.0.16, LI-COR Biosciences, Nebraska, 
USA). 

Intact Cell-Based Assay for Chymotrypsin-Like Proteasome 
Activity
The intact cell-based Proteasome-Glo assay kit (Promega, Madison, WI) was 
used to measure basal chymotrypsin-like proteasome activity and PI-induced 
suppression in IL4- and IFN-DC, according to the manufacturer’s Instructions 
as described previously.30 Briefly, immature or mature DC were harvested and 
re-plated in a white-bottomed 96-well plate (NUNC A/S, Roskilde, Denmark) 
at a density of 15,000 cells per well in 50 μl. A luminogenic substrate specif-
ic for chymotrypsin-like protease activity was added to the intact cell suspen-
sion and after a 10-min incubation at 37°C, luminescence was determined (in 
triplicate) with an Infinite 200 pro microplate reader (Tecan, Giessen, The 
Netherlands). Negative controls consisted of wells with medium without cells.

Mixed leukocyte reaction
Mature IL4- or IFN-DC were cultured as described above, with or without PI. A 
total of 1 × 104 DCs were co-cultured with 1 × 105 donor derived monocyte-de-
pleted PBMC (i.e. PBL, labeled with 1 mM CFSE) for 7 days in round-bottom 
96-well plates (Greiner Bio-One, Frickenhansen, Germany) in IMDM (Lonza, 
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Belgium) medium containing 10% Human Pooled Serum (HPS) (Sanquin, 
Amsterdam, the Netherlands), 100 IU/ml sodium-penicillin, 100 μg/ml strepto-
mycin, 2 mM L-glutamine. On day 4, 5, 6 and 7 the CFSE dilution in the PBL (con-
sistent with PBL proliferation) was measured on a FACSCalibur (BD Bioscience, 
the Netherlands) flow cytometer, in triplicate. Results were analyzed with 
CellQuest Pro analysis software.

Cytokine release 
Immature DC were harvested and plated in round-bottom 96-well plates in 
200 µL IMDM (supplemented with 10% FCS, 100 IU/ml sodium-penicillin, 
100 μg/mL streptomycin, 2 mM L-glutamine, 50 μM β-mercaptoethanol (2ME)) 
with 1000 U/m6 IFNγ and 5 µg/ml CD40L fusion protein, produced as described 
previously 31,32. After culture of the cells for 24 hours at 37˚C, in the absence 
of PIs, supernatants were collected. The human inflammation BD Cytometric 
Bead Array (CBA) (BD Bioscience Pharmingen San Diego, CA, USA) was used 
to quantify IL-8, IL-1β, IL-6, IL-10, TNFα, and IL-12p70 protein levels in the 
supernatants according to the manufacturer’s instruction. For Th-skewing 
analysis, MLR culture supernatants were collected on day 7 and analyzed for 
IL-6 and IFNγ content using a cytometric bead array (CBA) (BD Biosciences, 
San Jose, CA) according to the manufacturer’s protocol. Quantitative mea-
surements were performed using a FACS Calibur flow cytometer (Becton and 
Dickinson, San Jose, CA). Results were analyzed using BD Excel macro software.

Statistical analysis 
For comparisons between groups, one-way ANOVA  with post-hoc Dunnett 
analysis, Kruskal-Wallis with post-hoc Dunn’s analysis, or the paired 
Student’s t-test were performed using GraphPad Prism software version 5.0 
(LaJolla, CA). Differences were considered to be significant when p < 0.05. 

Results
Phenotype and immunoproteasome content of IFN- versus IL4-DC
Rather than the more commonly used 3-day differentiation culture of IFN-
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DC,9,10,33 we opted for a 5-day culture to facilitate a fair comparison with IL4-
DC (which require 5-day differentiation) in terms of PI-induced effects. Of 
note, 3-day IFN-DC differed little phenotypically from 5-day IFN-DC (data not 
shown). Figure 1A shows the phenotype of IFN- and IL4-DC after an additional 
2-day maturation induction by monocyte conditioned medium supplemented 
with TNFα (results are representative of 5-8 experiments). The obtained phe-
notypes were very similar with clear CD1a and CD83 expression and down-reg-
ulated CD14 expression, characteristic of a mature MoDC phenotype. IFN-DC 
displayed a slightly more activated phenotype with higher levels of CD40, CD80, 
and CD86. In addition, CD25 was markedly elevated in IFN-DC, a previously re-
ported typifying characteristic of this DC type.9 Elevated immunoproteasome 
levels in IFN-DC have previously been reported 11 and were confirmed by west-
ern blot analysis (Figure 1C and 1D). Figure 1C shows an example of higher 

Figure 1. Phenotype and proteasome content of mature IL4-DC and IFN-DC. 
(A) FACS histograms of lineage, maturation and activation markers; mean fluorescence intensities 
are listed and isotype control fluorescence levels are denoted by the markers. Data are representa-
tive for 5–8 experiments. (B) Western blot analysis of β1, β1i, and α7 proteasome subunits in rela-
tion to β-actin. (C) Ratios of the quantitated expression levels (normalized to β-actin levels) of β5i 
over β5 and of β1i over β1. Results represent the mean ± SEM of 3 separate experiments; 
*** p < 0.001.
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expression of the β1i immunoproteasome subunit in IFN-DC with equal expres-
sion levels in IFN- and IL4-DC of the constitutive β1 proteasome subunit and the 
α7 subunit, which is part of both the constitutive and the immunoproteasome. 
Ratios of the immunoproteasome constituents β1i and  β5i over their constitu-
tive counterparts β1 and  β5 clearly show the higher relative immunoprotea-
some content of IFN-DC as compared to IL4-DC (Figure 1D).

Inhibition of chymotrypsin-like activity in IL4- and IFN-DC by BTZ 
and ONX 0914
To be able to evaluate effects induced by the PIs BTZ and ONX 0914 on IFN- and 
IL4-DC, maximum sub-toxic concentrations of both drugs were established. A 
similar and high viability, ranging between 80% and 93% was found in both 
mature IL4- and IFN-DC at concentrations of 5 nM BTZ and 100 nM ONX 0914. 
The chymotrypsin-like activity, associated with the β5 proteasome subunit, tar-
geted by both BTZ and ONX 0914 and previously shown to be vital for proper 
IL4-MoDC development and maturation, was determined in both mature IL4- 
and IFN-DC and found to be comparable (Figure 2A).  At a concentration of 5 
nM, BTZ inhibited chymotrypsin-like activity of mature IL4-DC by 53% (SD ± 
27) and of mature IFN-DC for 80.7% (SD ± 14.5) (Figure 2B). Comparable inhi-
bition rates in mature IL4- and IFN-DC were achieved by ONX 0914 (100 nM) at 
73.7 % (SD ± 12.7) and 88.3% (SD ± 6.1), respectively (Figure 2C). Thus, both 
PIs achieved equivalent levels of inhibition of proteasome chymotrypsin-like 
activity but inhibition was most profound in IFN-DC, virtually completely abol-
ishing chymotrypsin-like activity.

BTZ and ONX 0914 abrogate IFN-DC differentiation and inhibit 
IFN-DC maturation
Proportionate to their observed inhibitory effects on proteasome chymotryp-
sin-like activity, BTZ and ONX 0914 more profoundly affected IFN- than IL4-DC 
development (Figure 3A). Indeed, based on CD1a and CD14 expression levels, 
the PIs completely abrogated in vitro differentiation of IFN-DC, whereas IL4-DC 
differentiated was only partially inhibited (Figure 3B). To examine the effects of 
proteasome inhibition on maturation of IL4- and IFN-DC, monocytes were first 
differentiated to DC in the absence of the PI, followed by their 2-day maturation 
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 Figure 2. Proteasomal chymotrypsin-like activity in IL4-vs. IFN-DC. (A) Basal levels of 
chymotrypsin-like activity in mature IL4- and IFN-DC and inhibition thereof by addition of (B) 
5 nM BTZ and (C)100 nM ONX 0914 during maturation. Results represent the mean ± SEM of 3 
separate experiments.

Figure 3. Inhibited MoDC differen-
tiation by (immuno) proteasome 
inhibition. (A) Expression of CD1a 
and CD14 in immature IL4-DC vs 
IFN-DC after exposure to BTZ or ONX 
0914.(B) averaged  percentages of 
CD1a- and CD14-positive cells after 
exposure to 5 nM BTZ or 100 nM ONX 
0914 during differentiation of IL4- vs 
IFN-DC. Results are means ± SEM of 
5–8 experiments; *** p < 0.001, 
** p < 0.01, * p < 0.05.
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in the presence or absence of the drugs. As shown by representative activation 
marker profiling in Figures 4A and 4B and by averaged expression levels of 
CD83, CD25, CD80 and CD86 in Figure 4C, phenotypic maturation was inhibited 
to significant levels in IFN-DC by both BTZ and ONX 0914, but not so in IL4-DC. 
Together these data indicate that IFN-DC are more susceptible to proteasome 
inhibition. Equivalent effects of ONX 0914 to those observed with BTZ indicate 
the particular importance of immunoproteasome inhibition in this regard. 
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Figure 4. Effects on phenotypic maturation of IL4- and IFN-DC by exposure to BTZ or 
ONX 0914. Representative FACS histograms of (A) IL-4 DC and (B) IFN-DC. Mean fluorescence 
intensities (MFI) are listed and isotype control fluorescence levels are denoted by the markers. (C) 
MFI of CD83, CD25, CD80 and CD86 on mature IL4- and IFN-DC upon exposure to 5 nM BTZ or 100 
nM ONX 0914 during maturation. Results represent mean ± SEM of 3 experiments; ** p < 0.01, * p 
< 0.05.
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Discussion
To the best of our knowledge this is the first report on the effects of the ep-
oxyketone based immunoproteasome inhibitor ONX 0914 on human MoDC 
development and function. This next-generation PI was found to significantly 
inhibit IL-4 and IFN-α driven MoDC differentiation and to inhibit IFN-DC matu-
ration, resulting in their diminished ability to induce pro-inflammatory T cells. 
Together, these observations bode well for the clinical application of ONX 0914 
in the treatment of autoimmune disorders. 
 The initial incentive to develop PIs as possible therapeutics for cancer 
and autoimmune diseases was based on the UPS’s involvement in the control of 
NF-κB activation,34 and although clinical development of BTZ proceeded quickly 
in the cancer field,35 its advancement as an anti-inflammatory agent was halt-
ed due to severe toxicity.21 Several studies have shown the immunosuppressive 
properties of BTZ on DC which include reduction of DC differentiation and mat-

Immunoproteasome inhibition interferes with the T cell stimula-
tory ability of mature IFN-DC
In keeping with their more activated phenotype as compared to IL4-DC, mature 
IFN-DC induced higher levels of proliferation in naïve allogeneic T cells (51.9 
± 8.6 % proliferated cells vs. 36.7 ± 8.1% with IL4-DC), which were decreased 
to comparably low levels after maturation in the presence of BTZ or ONX 0914 
(Figure 5A). Whereas no significant differences in the cytokine release profiles 
of IL4- and IFN-DC were observed upon CD40L- and IFNγ-induced activation 
(Figure 5B), simultaneous immunoproteasome inhibition by ONX 0914 specifi-
cally shifted the IL-10/IL-12p70 release ratio of IFN-DC in favor of immunosup-
pressive IL-10 (Figure 5C). Accordingly, the release of the pro-inflammatory cy-
tokines IL-6 and IFNγ were reduced in mixed leukocyte reactions with IFN-DC 
and allogeneic T cells, but not in mixed leukocyte reactions with IL4-DC.
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Figure 5. Effects of BTZ and ONX 0914 on functionality of IL4- and IFN-DC. (A) Induction 
of allogeneic T cell proliferation by mature IL4- and IFN-DC after proteasome inhibition with 
BTZ or ONX 0914. Results represent mean ± SEM of 3 experiments. (B) Levels of IL-1β, IL-8, IL-6, 
IL-10, TNFα  and IL-12p70 release by IL4- and IFN-DC after CD40 ligation in the presence of IFN-γ. 
Results represent mean ± SEM of 4-6 experiments (C) Ratio of IL-10/IL-12-p70 release by IL4- and 
IFN-DC after CD40 ligation and exposure to BTZ or ONX 0914. Results represent mean ± SEM of 
5 experiments; * p < 0.05. (D)  Effect of BTZ and ONX 0914 on IL-6 and IFN-γ production on day 
7 of allogeneic T-cell proliferation induced by mature and PI-modulated IL4- and IFN-DC. Results 
represent means ± SEM of 4-6 experiments; * p < 0.05.

uration and induction of apoptosis in both myeloid and plasmacytoid DC.36–40 
Meanwhile, next-generation PIs are being developed which more selectively 
target the immunoproteasome.41 ONX 0914 selectively targets the chymotryp-
sin-like activity of the immunoproteasome and holds promise for the treatment 
of autoimmune disorders as it was shown to reduce pro-inflammatory cytokine 
levels as well as symptoms of arthritis in mouse models.27 Recently, Ichikawa et 
al. also reported that ONX 0914 targeted both IFNα-producing pDC and plasma 
cells, producing pathogenic antibodies, in Lupus prone mice.28

Beside the classical IL4-DC, we decided to also study IFN-DC based on the im-
portance of IFNα in the pathogenesis of autoimmune diseases and the finding 
of MoDC differentiation under the influence of high levels of IFN-α, associated 
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with autoimmune disorders.2,3 Indeed, Blanco et al found that SLE patient se-
rum-induced and IFNα-dependent differentiation of monocytes to DC correlat-
ed with SLE disease activity, which led to the suggestion that inflammatory 
IFN-DC drive autoimmune responses in vivo. It has since been established that 
SLE-associated antibodies form complexes with nucleic acids, which chronical-
ly activate pDC leading to sustained type-I IFN release. This in turn leads to 
aberrant myeloid DC differentiation and activation, furthering inflammation.5 
These observations make IFN-DC a particularly attractive therapeutic target.

Properties of IFN-DC have been extensively studied, primarily for im-
munotherapy purposes but also to gain insight into IFN-DC-induced antiviral 
responses and the involvement of IFN-DC in certain autoimmune diseases, like 
SLE.10,33,42–44 IFN-DC have been reported to be highly activated, to express a wide 
array of Toll-like Receptors, and to efficiently mediate cross-presentation, thus 
contributing to CD8+ T cell activation against auto-antigens.9,45 The high rela-
tive immunoproteasome subunit content of IFN-DC observed by us is in keeping 
with previous observations by others 11 and points to a predominance of immu-
noproteasomes or the presence of hybrid constitutive/inducible intermediate 
proteasomes.46,47 

The ability of both BTZ and ONX 0914 to inhibit proteasome chymo-
trypsin-like activity is of particular interest as this activity has been shown to 
be required for the development and functionality of MoDC.48 Our data show 
that ONX 0914 inhibits chymotrypsin-like activity in both IL4- and IFN-DC even 
more profoundly than BTZ. As ONX 0914 selectively and irreversibly binds to 
the β5i subunit of the immunoproteasome, this indicates that inhibition of the 
immunoproteasome in particular blocks the development and functionality of 
inflammatory MoDC. In this regard, the higher immunoproteasome content of 
IFN-DC offers an explanation for their particular susceptibility to proteasome 
inhibition. Indeed, whereas IL4-DC differentiation was only partly inhibited and 
IL4-DC maturation was hardly affected at all, immunoproteasome inhibition by 
ONX 0914 (or BTZ) completely blocked IFN-DC development and profoundly 
affected their maturation, leading to diminished priming of pro-inflammatory 
allogeneic T cells. It remains to be determined how other important DC func-
tions are affected by specific immunoproteasome inhibition with ONX 0914, e.g. 
specific antigen uptake and (cross-)presentation, migratory capacity, and TLR 
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expression and signaling. In addition, the effects of long-term treatment, as will 
be required for chronic autoimmune disorders, also remain to be established 
and may involve the development of resistance, e.g. via the drug efflux trans-
porter ABCB1 (Pgp/MDR1)30 which is known to be expressed on monocytes 
and on DC.49 Nevertheless, based on our current findings and in view of their 
supposed contribution to the pathogenesis of autoimmunity, therapeutic tar-
geting of IFN-DC by ONX 0914-mediated immunoproteasome inhibition pres-
ents an attractive therapeutic option. 

We conclude that specific immunoproteasome inhibition by ONX 0914 
is equally effective in impairing inflammatory IL4- and IFN-DC development 
and functionality as putative inhibition of both proteasome types by the clini-
cally registered BTZ. In view of their expected favourable safety profile, next-
generation selective immunoproteasome inhibitors are thus preferred PI can-
didates for clinical development as immunosuppressive drugs for the treatment 
of autoimmune disorders.
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