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NF-kB is a master transcriptional regulator of inflammation that plays an important role in oncogenesis, particularly
in tumors that arise in the context of inflammation. Copper metabolism MURR1 domain-containing 1 (COMMD1) is a
negative regulator of NF-kB. Recent genetic-based studies in both mice and human patients indicate that COMMD1 has
an important role in controlling intestinal inflammation and constraining progression to colitis-associated cancer.

Introduction

Colon cancer is the second most com-
mon malignancy in men and women in
North America. Inflammatory bowel dis-
ease (IBD), a chronic condition character-
ized by persistent inflammation in the
gastrointestinal tract, leads to increased
risk of colon cancer, an entity that has
been termed colitis-associated cancer
(CAQ). It is thought that genetic and
environmental factors in affected individ-
uals drive an alteration in the dynamic
balance between inflammatory responses
to microbial colonization and tissue pro-
tective mechanisms of the intestine, ulti-
mately resulting in disease.! Increased
expression of a variety of pro-inflamma-
tory factors is central to tissue inflamma-
tion in IBD patients, and animal models
indicate that several of these factors can
also promote tumor growth. A common
denominator to many of these cytokines is
that their expression is dependent on
nuclear factor-kB (NF-kB), a master tran-
scriptional regulator of the inflammatory
response that is also implicated in the pro-
gression to cancer.’

NEF-kB activity is regulated by IkB,
a constitutive inhibitor that is phosphory-

lated and degraded in response to a variety
of pro-inflammatory and stress signals.
Subsequently, NF-«kB activity is termi-
nated through a variety of mechanisms
including the re-expression of IkB as well
the induction of genes that limit IkB
kinase activity, such as A20 and CYLD.?
Another important regulatory process
involves the ubiquitination and proteaso-
mal degradation of the NF-kB subunit
RelA (Fig. 1). Cul2 is the main ubiquitin
ligase that targets RelA, and its activity is,
in turn, dependent on copper metabolism
MURRI1 domain containing 1
(COMMD1).*°

COMMDI1 is a prototype of the
COMM domain containing family, a
group of 10 proteins that share a highly
conserved  C-terminal This
domain serves as an interacting region
that mediates COMMD protein dimer-
ization and several other protein-protein
interactions. Apart from its role in NF-kB
regulation, COMMDI is important for
hypoxia responses, as well as copper and

motif.°

sodium transport. In view of these pleio-
tropic effects, it had remained unclear
whether this gene contributed significantly
to the pathophysiology of inflammation
and cancer progression.
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Commd]1 deficiency leads to more
robust pro-inflammatory responses

In  order to address whether
COMMDI participates in the control of
inflammation in wvivo, we generated a
mouse model of Commdl deficiency,
deleting this gene specifically in cells of
myeloid lineage.” Bone marrow-derived
myeloid cells (BMDM) from these
Commdl™"~ mice (termed (Mye-K/O)
displayed altered expression of a substan-
tial proportion of lipopolysaccharide
(LPS)-regulated genes. Surprisingly, only
about one third of Commdl regulated
genes were known NF-«kB targets, suggest-
ing that other pathways are also deregu-
lated. In line with the effect of Commdi
on LPS-inducible genes, Mye-K/O mice
were more sensitive to sepsis, exhibiting
excess mortality and more robust pro-
inflammartory cytokine release.

Role of COMMDI in colitis
and CAC

Next, we assessed the possible involve-
ment of this gene in human diseases. In
IBD patients, we found that COMMD1
expression was suppressed both in

inflamed tissue and circulating white cells.
This reduction in CommadI expression was
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increased pro-inflammatory gene
expression. Similar findings were
made using a chronic colitis model,
with Mye-K/O mice again exhibit-
ing worse disease and exaggerated
pro-inflammatory cytokine expres-
sion. Moreover, in the context of
chronic inflammation, myeloid cell
deficiency of Commdl led to
increased progression to dysplasia,
characterized by more frequent and
more advanced dysplastic foci. In
line with these findings, inflamed
tissue in Mye-K/O mice that pro-
gressed to dysplasia also demon-
strated increased activation of NF-
kB. In contrast with the effects of
myeloid cell deficiency, deletion of
Commd]I in the intestinal epithe-

lium did not affect disease course in

Figure 1. The role of COMMD1 in NF-«<B control and inflammation. Upon activation, NF-kB is released
from NF-kB/IkB complex and translocates into nucleus to promote gene expression. Resynthesized kB facili-
tates nuclear export of NF-kB to terminate the activation process. Unlike IkB, copper metabolism MURR1
domain containing 1 (COMMD1), along with the E3 ligase Cul2, targets chromatin-bound NF-kB for ubiquitina-
tion and proteasomal degradation. Inflammation can repress COMMD?1 expression, establishing a positive feed-
back loop. Persistent NF-kB activation leads to inflammation and progression to colitis-associated cancer (CAC).

any of these models. This latter
observation is in line with a recent
report examining models of liver
inflammation where deletion in
immune cells but not in hepatocytes
affected inflammation severity."°

recapitulated in a murine model of colitis,
indicating that this is an inducible phe-
nomenon in response to tissue inflamma-
tion that likely represents a positive
feedback loop that favors further inflam-
mation (Fig. 1). In line with these obser-
vations, decreased COMMNDI expression
has also been found in a variety of solid
tumors, although a linkage to tumor
inflammation has not been made.®

To assess if COMMDI1 could be fur-
ther implicated in IBD pathogenesis we
also examined genetic data from genome-
wide associated studies (GWAS) in IBD
and found a association
between single nucleotide polymorphisms

suggestive
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Altogether, our findings indi-
cate that COMMDI plays an
important role in limiting NF-kB activity
in myeloid cells, and through these effects,
modulates intestinal inflammation and
the development of CAC (Fig. 1). The
mechanism by which inflammation leads
to suppressed expression of COMMD1
remains unclear but could have important
implications to cancer progression in IBD
and other inflammatory conditions.
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