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What is known about proteasome inhibitors?

Alessio Nencioni & Peter Brossart:
Proteasome inhibitors are small mol-
ecule compounds that inhibit the
proteolytic activity of the protea-
some, an intracellular multiprotein
complex deputed to the degradation
of ubiquitinated ~ proteins (1,2).
Protein degradation via the protea-
some plays a key role in numerous
cellular activities including antigen
processing, cell cycle regulation,
signal transduction, and cell death
control. Therefore proteasome inhi-
bition has important repercussions
on all of these functions. Numer-
ous proteasome inhibitors are pres-
ently available (1). Most of these
compounds specifically inhibit the
chymotrypsin-like activity of the
proteasome while minimally affect-
ing the trypsin- and the caspase-
like activities. Some of them act
as irreversible inhibitors whereas
others such as bortezomib (Velcade,
formerly PS-341) act in a reversible
fashion. Few proteasome inhibitors

have already entered clinical studies
mostly for the treatment of cancer-
ous disorders and the Food and
Drug Administration has recently
approved bortezomib for multiple
myeloma patients who have received
at least one previous line of ther-
apy (2,3). How exactly proteasome
inhibitors exert their antitumor
activity remains unclear. Inhibition
of NF-«B through impeded IxBa.
degradation has long been invoked
as a key effect (1,2). However, other
mechanisms are also likely to come
into play (1,2,4,5). In particular,
it has recently been observed that
mature plasma cells exhibit reduced
proteasome activity due to protea-
some downregulation, which makes
these cells more susceptible to pro-
teasome inhibitor-induced apopto-
sis (6). If this were also true for
malignant plasma cells, such a phe-
nomenon would proffer a nice expla-
nation for the anti-myeloma activity
of bortezomib.

Do proteasome inhibitors have effects
on the immune system?

Alessio Nencioni & Peter Brossart:
Proteasome inhibitors have the poten-
tial to interfere with several aspects
of an immune response. Antigen pro-
cessing for presentation on MHC
class I molecules requires proteasome
activity, although other proteases par-
ticipate in this process and may
be able to partally substitute for
impaired proteasome activity (7). In
addition, ubiquitination and protea-
somal degradation play a key role
in NF-«B signaling, which mediates
numerous aspects of immune cell acti-
vation. Finally, cell cyle, cell migra-
tion, and apoptosis in immune cells
also use the proteasome for the regu-
lated turnover of their components.
Indeed, numerous stud-
ies in the mouse model suggest
that proteasome inhibitors may have

anti-inflammatory and immunosup-
pressive effects 77 vivo. Proteasome
inhibitors alleviate inflammation and
immune-mediated tissue damage in
different models of immune disor-
ders including allograft rejection, coli-
tis, psoriasis, diabetes, experimental
autoimmune encephalomyelitis and
arthritis (8-10). The one exception in
this scenario is represented by graft-
versus-host disease (GVHD), where
inflammation in the intestine is exac-
erbated by bortezomib when the
inhibitor is given starting from a few
days (3 to 5) after the transplant
or over a prolonged period (11,12).
Conversely, this effect is not observed
when the drug is given immediately
after transplant as in this case inflam-
mation actually improves. The rea-
sons for this unexpected outcome are

unclear but appear to be unrelated to
NF-«B inhibition (12).

At the cellular level, protea-
some inhibitors were shown to inhibit
proliferation and cytokine secretion
by T lymphocytes and to induce T
cell apoptosis (13). These effects may
become more pronounced in acti-
vated vs. resting T cells due to the
increased dependence on NF-«B acti-
vation of the formers. Proteasome
inhibitors’ effects on B cells are less
well defined and may include induc-
tion of cell death upon exposure to
high inhibitor concentrations.

Our studies have focused
on the effects of proteasome inhi-
bition in dendritic cells (DCs), spe-
cialized antigen-presenting cells that
present antigens to T lymphocytes
and initiate antigen-specific immune
response (14,15). We found that pro-
teasome inhibition strongly affects
both DC function and survival. Bort-
ezomib prevents the upregulation
of co-stimulatory molecules and the
increase in migratory and immunos-
timulatory capacity that is normally

triggered by lipopolysaccharide (LPS)
or by endogenous cytokines such
as TNF-a and CD40-ligand. Cyto-
kine secretion (including IL-12 and
TNF-0) in response to LPS is also
reduced by bortezomib. At the molec-
ular level, the proteasome inhibitor
blocks LPS-induced nuclear translo-
cation of the NF-kB protein RelB,
which is crucial for DC differentia-
tion and function. In addition, bort-
ezomib also affects activation of Erk
and of the interferon response fac-
tors IRF-3 and IRF-8 through mech-
anisms that remain unclear. Finally,
when given at higher concentrations
(>1 ng/ml), Velcade also induces
apoptosis in DCs, possibly by activat-
ing the mitochondrial apoptosis path-
way and the caspase cascade (15).

All that being said,
whether proteasome inhibitors
actually affect antigen presentation
and overall immune function in
humans in vivo remains unclear.
Here, hints for an immunomodu-
latory activity of proteasome inhib-
itors include the induction of
lymphopenia in a fraction of the
patients treated with bortezomib,
and cases of Herpes Zoster re-activa-
tion following bortezomib adminis-
tration, particularly in patients who
were given the proteasome inhibi-
tor after bone marrow transplanta-
tion (16-19). Future clinical studies
will hopefully shed more light on
the effects of proteasome inhibitors
on the human immune system.

Do you believe that proteasome inhibitors can be
used for therapeutic purposes in immune disorders?

Alessio Nencioni & Peter Brossart:
Given the promising results
obtained in the preclinical studies
it is probable that proteasome
inhibitors will enter clinical trials
for autoimmune and inflamma-
tory diseases. In particular, the
effects of these compounds on
plasma cells may make them good
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