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The p50 subunit of nuclear factor-kappa B (NF-kB) is generated from processing of the p105 precursor. We identified
KIP1 ubiquitination-promoting complex 1 (KPC1) as the ubiquitin (Ub) ligase mediating this process. Overexpression of
KPC1 results in tumor suppression, probably due to the generation of p50–p50 homodimers. It appears that high levels
of KPC1 and nuclear p50 are important for maintaining the non-malignant state.

The nuclear factor-kappa B (NF-kB)
family of transcriptional regulators is
essential for transcription of a variety of
genes involved in the immune response,
cell survival, proliferation, and differentia-
tion. It is well established that NF-kB
plays an important role in linking chronic
inflammation and malignant transforma-
tion.1

Ubiquitination is an enzymatic reaction
in which the C-terminal glycine of the 76-
amino acid residue protein ubiquitin (Ub)
is covalently conjugated to the target sub-
strate, in most cases through the e-amino
group of an internal lysine residue(s). Ub
itself has 7 internal lysine residues (K6,
K11, K27, K29, K33, K48, and K63) that
together with its N-terminal methionine,
can participate in the assembly of different
Ub chains linked to the substrate. The
resulting diversity essentially generates a
“code” that enables a single molecule to
regulate many different cellular processes,
for example proteasomal degradation
(mainly K48-based Ub chains) or protein–
protein interactions (mainly linear, K63-
and K11-based Ub chains).

Ubiquitination plays a pivotal role in
different steps of the NF-kB activation
pathway. A variety of proinflammatory
cytokines, such as tumor necrosis factor a
(TNFa), interleukin-1 b (IL-1b/, and
lipopolysaccharide (LPS) bind to their

specific membrane receptors, recruiting a
cascade of adaptor proteins that are modi-
fied by different Ub chains. In general,
there are 2 types of NF-kB activation:
‘canonical’ activation resulting in activa-
tion of IkB kinase (IKKa/b) and NF-kB
essential modulator (NEMO), degrada-
tion of IkBs, and translocation of p50–
p65 dimers into the nucleus; and
‘alternative’ activation resulting in activa-
tion of IKKa, processing of p100, and
translocation of p52–RelB dimers into the
nucleus. Here we briefly summarize the
involvement of Ub modification in the
TNFa-induced ‘canonical’ NF-kB activa-
tion pathway (Figure 1).

TNFa binds the tumor necrosis factor
receptor 1 (TNFR1), leading to recruit-
ment of TNF receptor-associated protein
with death domain (TRADD). The com-
plex with TRADD also includes receptor-
interacting protein-1 (RIP1), which is
ubiquitinated through K63-based Ub
chains by TNF receptor-associated factor
(TRAF) and cellular inhibitor of apoptosis
protein (c-IAP) following TNFa stimula-
tion. This Ub scaffold recruits NEMO
and the TAK1-binding protein (TAB)–
TAK1–complex to activate IKK. Alterna-
tively, RIP1 can be modified by K48-
based Ub chains, a process mediated by
the tumor necrosis factor a-induced pro-
tein 3 (A20), and subsequently degraded

by the proteasome, thus attenuating the
TNFa signal. In addition, c-IAPs catalyze
the assembly of K11-based Ub chains on
RIP1 that are recognized by NEMO.2

Finally, RIP1 and NEMO are ubiquiti-
nated by “head-to-tail” linear Ub chains
in which the C-terminus of Ub is conju-
gated via a peptide bond to the a-amino
group of the first methionine of the previ-
ous Ub. These linear Ub chains are syn-
thesized by the linear Ub chain assembly
complex (LUBAC) Ub ligase, which is
composed of the heme-oxidized IRP2
ligase-1 (HOIL-1L), HOIL-1L–interact-
ing protein (HOIP), and SHANK-associ-
ated RH domain interacting protein
(SHARPIN). Linear Ub chains have a dis-
tinct role in IKK activation.3

IkB inhibitory proteins (IkB, p105,
and p100) prevent the entry of active NF-
kB dimers into the nucleus. Following
activation of IKK, phosphorylation and
proteasomal degradation of IkB proteins
occurs, releasing the dimers. Furthermore,
the precursor protein NF-kB1 (p105) can
be activated through limited processing;
after ubiquitination the C-terminal por-
tion is degraded by the proteasome, yield-
ing p50.4,5 This subunit can further
homodimerize or heterodimerize with
members of the REL family of proteins,
generating the active transcription factor.
Proteasomal processing of p105 occurs
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primarily under basal conditions, requir-
ing prior ubiquitination by what was until
recently an unidentified ligase. After stim-
ulation, the protein is phosphorylated by
IKKb on serine residues 927 and 932.6

This modification recruits the SCFbTRCP

Ub ligase,7 resulting in complete degrada-
tion of p105.8 It appears that the action of
another currently unidentified Ub ligase
leads to increased processing of the precur-
sor after cell stimulation.

Collectively, these studies indicate that
different modes of Ub chains regulate
numerous steps of NF-kB activation. Our
recent study9 reveals a previously missing
link in the NF-kB activation pathway –
the ligase that catalyzes processing of the

p105 precursor under both basal and
stimulated conditions.

We show that the KIP1 ubiquitina-
tion-promoting complex (KPC), a hetero-
dimer made of KPC1 (RNF123) and
KPC2 (UBAC1), interacts with the pre-
cursor protein p105 in an ankyrin repeat-
dependent manner. The RING finger
domain ligase KPC1 ubiquitinates p105
in vivo and in vitro and promotes both
basal and signal-induced proteasomal
processing of the precursor.

NF-kB is overexpressed in many
tumors and is known to be antiapoptotic
and to stimulate the expression of cell
cycle promoters and growth factors. Nev-
ertheless, the role of NF-kB in

tumorigenesis is still somewhat controver-
sial. In some models, NF-kB possesses
strong proinflammatory and antiapoptotic
activities, whereas under certain condi-
tions its activation demonstrates a clear
tumor suppressor phenotype.10 In our
study we demonstrate that overexpression
of KPC1 in glioblastoma and breast xeno-
graft models leads to enhanced generation
of p50 and consequently to significant
suppression of tumor growth. The most
probable explanation for this phenome-
non comes from analysis of RNA purified
from tumors that overexpress either
KPC1, the catalytic enzyme, or p50, the
product of the processing reaction. This
analysis revealed a significant increase in
the expression of tumor suppressors, pos-
sibly as a result of p50 subunit bias in the
cell and generation of p50–p50 homo-
dimers rather than the ‘canonical’ tumori-
genic p50–p65 heterodimers. In human
head and neck tumors and glioblastoma,
we found a significant decrease in KPC1
staining intensity and p50 presence in the
nucleus, compared to normal tissue. We
hypothesize that KPC1 and p50 are
important for maintaining the “normal”
state of the cell and preventing its malig-
nant transformation.
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Figure 1. TNFa-induced ‘canonical’ nuclear factor-kappa B (NF-kB) activation pathway. Schematic
representation of the involvement of components of the ubiquitin (Ub) system in different steps of
NF-kB activation. Please refer to the text for details. The orange arrow denotes ubiquitination. The
gray sphere denotes Ub.
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