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Abstract

Asteady flow of reports suggests that proteasome inhibitor bortezomib promotes tumor cell death by degradation
of key proteins. Therefore, bortezomib has been gaining intense attention as an anti-neoplastic agent, being the
first proteasome inhibitor drug to be used in multiple myeloma’s treatment. However, new evidences point to the
adverse effects of bortezomib leading to the poor outcome in both hematological and solid tumors. Despite its
therapeutic effects, deciphering the molecular mechanisms of bortezomib action as well as the mechanism(s) of
resistance to bortezomib in cancer remains a problem to be conquered.
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Proteasome Inhibitor Bortezomib: A Double-edged
Sword in Cancer Therapy

The proteasome, from an evolutionary point of view, is ancient
and has remained highly conserved in bacteria, yeast, and humans [1].
The proteasome plays an essential role in many important biological
processes [2]. As such, disrupting various cell signaling pathways
through the proteasome impairment will compromise cell function
and survival. Thus, despite of initial doubts due to the crucial role of the
proteasome, a wide range of pharmacological proteasome inhibitors
has been gaining intense attention as an attractive target for cancer
treatment.

Bortezomib (formerly PS-341) is a selective and reversible
inhibitor of the chymotrypsin-like activity of the proteasome 26S. The
initial idea behind development and use of bortezomib was based on
inhibitory effect of bortezomib on the activation of NF«kB, through
IkBa degradation [3] thereby promoting cell death. However, recent
studies evidenced another intracellular target of bortezomib activity
suggesting that cytotoxic effect of bortezomib cannot be fully attributed
to the inhibition of NFkB activity. In multiple myeloma cell lines,
bortezomib has led to the down-regulation of IkBa and triggering of
NFkB activation, while has increased cytotoxicity [4], suggesting that
the ability of proteasome inhibitors to block the activation of NFxB
activity may not be a key mechanism of bortezomib-induced cell
death in hematopoietic tumors. In the same line, the landmark study
of Dolcet and colleagues, demonstrated that bortezomib induces
apoptosis in endometrial carcinoma cell lines, but, instead of blocking
NFkB, bortezomib increases its transcriptional activity through
phosphorylation of IKKa/f, degradation of IkBa, and phosphorylation
of the p65 NF«kB [5]. In good agreement, recent investigations have
observed that proteasome inhibition by bortezomib increases the
nuclear levels of IkB kinase (IKK) in prostate and ovarian cancer cells.
As consequence, an increase expression of the pro-inflammatory and
pro-angiogenic chemokine interleukin-8 (IL-8) was observed while the
expression of other NFkB-regulated genes was suppressed or remains
unaffected [6,7].

Besides NFkB, other downstream signaling transduction cascade
responsible for the induction of IL-8 includes p38 MAPK. Recent
evidence has shown that prolonged proteasome inhibition led to
the activation of p38 MAPK and consequently, overproduction of
IL-8; however, inhibition of p38 MAPK attenuated the proteasome
inhibition-induced IL-8 release [8]. It is known that IL-8 induces

proliferation and survival of cancer cells, potentiates their migration
and infiltrates neutrophils at the tumor site. Thus hence, it is plausible
to assume that brotezomib-induced IL-8 may represent one of the
underlying mechanisms responsible for less effectiveness of brotezomib
in solid tumors. Because bortezomib acts in a tumor-type context,
further investigations are warranted to verify whether IL-8 suppression
has important implications for cancer prognosis and treatment.

Notwithstanding the excellent anti-myeloma activity of brotezomib,
emerging evidence raise serious concerns about adverse long-term
outcomes of bortezomib therapy including peripheral neuropathy [9],
neurotoxicity [10], and acute interstitial nephritis [11]. The data thus
far, in both hematological and solid tumors, show that bortezomib is
an active agent. Nonetheless, single-agent bortezomib therapy clearly
has various limitations. In addition, our knowledge of the mechanism
underlying brotezomib-induced adverse effects is very limited.
Apart from bortezomib treatment modification, discontinuation or
withdrawal, no efficient prevention or therapeutic strategy has been
implemented.

Therefore, the better understanding of mechanisms involved in
bortezomib-induced pleiotropic effects will help to delineate the role
of bortezomib alone or in combination with other therapies. Further
experimental studies as well as clinical trials are essential in order to
boost the efficacy of treatment with bortezomib and improve patient's
quality of life.
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