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Tumorigenesis is a multistep process controlled by a number of proteins involved in diverse
pathways. Traditionally, proteins are either considered as oncogenes, which promote
tumorigenesis or as tumor suppressors, which prevent tumorigenesis. However, recent studies
revealed quite a few proteins that could function as oncogene as well as tumor suppressor. A
new member of such proteins is p30 DBC (deleted in breast cancer 1, also called DBC1). p30
DBC is one of the proteins involved in tumorigenesis that does not clearly adhere to either
descriptions. Several studies show that p30 DBC is involved in cell proliferation, apoptosis
and histone modification, all processes important for regulating tumorigenesis. However, there
are other conflicting results regarding how p30 DBC contributes to tumorigenesis. The most
interesting aspect of this is that p30 DBC is a strong inhibitor of SIRT1 protein deacetylase,
whose exact role in tumorigenesis is currently under debate. This review summarizes the
current understandings on p30 DBC functions, with a focus on the proposed roles of p30 DBC
in tumorigenesis.

p30 DBC Expression

The p30 DBC (KIAA1967) gene was originally found to be homozygously deleted in human
chromosome 8p21 in breast cancer. Therefore, it has been named Deleted in Breast Cancer 1
(DBC1). The symbol of this gene is identical to another gene DBCCRL1 also called DBC1,
which stands for deleted in bladder cancer 1. To avoid further confusion, we will use the
nomenclature p30 DBC in this review.

In the same study that identified p30 DBC to be deleted in breast cancer specimens, Hamaguchi
et al.1 also found that p30 DBC mRNA determined by RT-PCR was downregulated in some
lung and colon cancer cell lines. However, in contrast to these findings, several microarray
studies found that p30 DBC mRNA is upregulated in breast cancers.2:3 In a different study, no
significant overexpression of p30 DBC was found in more than 100 prostate cancer specimens.
4 Therefore the p30 DBC gene expression appears to be either overexpressed or downregulated,
which may reflect the different etiologies of the cancer specimens used in these studies. Another
complicating factor is the lack of data regarding the presence or absence of mutations in the
p30 DBC gene in these studies. Thus, based exclusively on observed expression levels it is
currently unclear whether the role of p30 DBC should be described as a tumor suppressor or
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promoter. It is critical, therefore, to understand the cellular functions of p30 DBC, which might
provide clues as to how p30 DBC affects tumorigenesis.

p30 DBC in SIRT1 Regulation

Although p30 DBC was identified in 2002, its cellular functions are just emerging. We recently
identified p30 DBC as a SIRT1-interacting protein through the affinity purification of SIRT1-
associated protein complexes. SIRT1, a member of the sirtuin family of proteins, is considered
to be the mammalian ortholog of yeast sir2. SIRT1 has protein deacetylase activity and is
involved in diverse cellular pathways, such as metabolism and cellular stress response.® p30
DBC directly interacts with the catalytic domain of SIRT1 and inhibits the deacetylase activity
of SIRT1.8:7 In doing so, p30 DBC promotes the acetylation of p53 and FOXO3 following
cellular stress in several cancer cell lines and inhibits SIRT1-dependent cell survival through
p53 or FOXO pathways. These findings imply that p30 DBC attenuates the survival of cancer
cells following genotoxic stress through its ability to inhibit SIRT1 activity.

Our group also performed the affinity purification to identify p30 DBC-associated proteins.
Again, SIRT1 was identified as the major p30 DBC binding protein. Recently, p30 DBC has
also been demonstrated to inhibit the activity of SUV39H1 methyltransferase and regulate
heterochromatin formation via its inhibitory effect toward both SIRT1 and SUV39H1.8 In
addition, p30 DBC contains the Nudix hydrolase (MutT) domains, which is predicted to bind
nucleoside diphosphate sugars and nicotinamide adenine dinucleotide (NAD), a co-substrate
for SIRT1 enzyme.? These results suggest that a major cellular function of p30 DBC is to
regulate SIRT1.

This raises the question: does p30 DBC affect tumorigenesis through its association with
SIRT1? As described, SIRT1 possesses protein deacetylating activity and deacetylates diverse
substrates including p53, FOXO, NFxB, Ku70, Rb as well as histones.10 With regard to cancer,
it is still controversial whether SIRT1 acts as a tumor promoter or tumor suppressor.11:12 Up
until several years ago, SIRT1 was considered to be a tumor promoter, primarily due to the
fact that the expression of SIRT1 protein was shown to increase in cancer tissues, cancer cell
lines, as well as in mouse tumors.13-18 Secondly, SIRT1 inhibitors or depletion of SIRT1 by
siRNA induce the death of cancer cells and sensitizes cells to the anti-cancer drugs.19-23
Thirdly, SIRT1 mediates the silencing of tumor suppressor genes without affecting
hypermethylation of their promoter regions.?* Finally, SIRT1 deacetylates p53 and FOXO and
inhibits p53 and/or FOXO-dependent transcription or apoptosis following genotoxic stress.®:
725 Al these data suggest that SIRT1 acts by promoting tumorigenesis.

However, these tumor-promoting activities of SIRT1 were challenged by a number of other
studies. Notably, overexpression of SIRT1 in APC mutated transgenic mice is able to inhibit
the formation of colon cancer by deacetylating and inactivating the constitutively activated
oncogenic B-catenin in these mice.28 In addition, HCT116 colon cancer cells with SIRT1
knock-down induces tumor formation in xenograft model.2’ In addition, SIRT1~~ MEFs
(mouse embryonic fibroblasts) show chromosomal instability due to impaired DNA repair and
histone modification,28:29 both hallmarks of the genetic instability that precedes the formation
of many types of cancers. Furthermore, SIRT1 deficiency led to a significant increase of
tumorigenesis in p53*/~ mouse, while SIRT1 expression was found to be reduced in breast
tumor samples when compared to normal breast tissue.28 SIRT1 is also able to deacetylate
Rel A/p65 subunit of NF«kB and inhibit its transactivation activity, and thus augment apoptosis
in response to tumor necrosis factor-alpha (TNFa).1” Similarly, SIRT1 deacetylates both
androgen receptor (AR) and histone in the promoter of prostate specific antigen (PSA), and
inhibits the dihydrotestosterone (DHT)-dependent growth of LNCaP prostate cancer cells,
which is mediated by AR signaling.3%:3! Finally, SIRT1 deacetylates c-Myc, destabilizes c-
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Myc, and thereby inhibits transformation activity of c-Myc.32 This series of studies indicate
that SIRT1 is a tumor suppressor.

The data above would suggest that SIRT1 functions in both tumor promotion and tumor
suppression. Based on the fact that p30 DBC is a major SIRT1-binding protein and negatively
regulates SIRT1 activity, it is entirely possible that p30 DBC may also participate in
tumorigenesis via its role in modulating SIRT1 activity. While it remains to be determined as
whether all of SIRT1 functions are regulated by p30 DBC in all cellular contexts, it is likely
that p30 DBC counteracts SIRT1 functions and acts as either tumor promoter or tumor
suppressor in specific tumor environment.

Other Cellular Functions of p30 DBC

In addition to regulating SIRT1, p30 DBC may have other cellular functions. In response to
apoptosis-inducing signals, such as exposure to TNFa, etoposide or staurosporine, p30 DBC
is cleaved into C-terminal p120 and p66 fragments in a caspase-dependent manner.33 The C-
terminal fragment then relocalizes from nucleus to cytosol and mitochondria, and sensitizes
cells to apoptotic stimuli. These findings suggest that p30 DBC promotes apoptosis through a
positive feedback mechanism, which might suppress tumorigenesis by facilitating cell death
in response to cellular stresses.

Recently, p30 DBC was found to act as a transcriptional coactivator of retinoic acid receptor
o (RAR0).34 The induction of RARa target genes such as Sox9 and HoxA1 gene in response
to retinoic acid requires p30 DBC in MCF-7 breast cancer cells. This transcriptional activity
of p30 DBC is not affected by SIRT1 inhibitor nicotinamide, suggesting that at least this
transcriptional regulation function of p30 DBC is independent of SIRT1. Since retinoids inhibit
cell growth by inducing tumor suppressor genes through RAR in some breast cancers, it appears
that p30 DBC enhances a RA-mediated inhibition of cell growth in breast cancer cells and thus
functions as a tumor suppressor.

While the above findings imply that p30 DBC may inhibit tumor growth or survival, a recent
study demonstrates that through an interaction with estrogen receptor (ERa), p30 DBC acts as
a survival factor in breast cancer cells. The first 150 amino acids of p30 DBC has been shown
to interact with ERa through its hormone-binding domain in an estrogen-independent manner.
35t is thought that this interaction may enhance the stability of unliganded ERa, with no effect
on the MRNA level of ERa. However, the mechanism by which p30 DBC modulates ERa
protein stability remains unclear. Depletion of p30 DBC by siRNA enhances the death of
MCF-7 breast cancer cells in the absence of estrogen, suggesting a positive role of p30 DBC
in cell proliferation. In addition, tamoxifen is able to disrupt the interaction between p30 DBC
and ERa, which may lead to the destabilization of ERa. These findings imply that the anti-
cancer activity of tamoxifen would be more effective in breast cancers with low expression of
p30 DBC.

In addition to regulating ERa activity, p30 DBC could also act as an androgen receptor (AR)
coactivator.# The ligand binding domain (LBD) of AR interacts with the N-terminus of p30
DBC (residues 1~265) in the presence of AR ligand. This interaction enhances AR—DNA
binding and facilitates AR’s transcriptional activity. Knocking-down of p30 DBC decreases
the induction of AR target genes including prostate specific antigen (PSA) in LNCaP prostate
cancer cells. It is not clear whether p30 DBC activates AR through its inhibitory effect toward
SIRT1, since SIRT1 could suppress AR signaling.3%:31 Nevertheless, this suggests that p30
DBC may act as a tumor promoter and that its ablation may delay the progression of androgen
hormone-mediated prostate cancer.
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p30 DBC is also present in several other protein complexes, although the physiological
functions of p30 DBC in these complexes have not been studied. For example, a large-scale
purification of c-Myc complex identified p30 DBC as an associated protein through Myc-box
1136 which raises the possibility that p30 DBC may be involved in various functions of proto-
oncogene c-Myc. We recently found that SIRT1 directly interacts with and inhibits c-Myc.32
It is possible that p30 DBC, SIRT1 and c-Myc form a complex in cells. Another large-scale
functional proteomics study revealed that p30 DBC interacts with IKKp (IxB kinase 8 subunit)
following the treatment of TNFa.3” This interaction could be one of the mechanisms by which
p30 DBC regulates the NFxB pathway.

All of the above-mentioned studies suggest that p30 DBC is likely to regulate the survival or
death of cancer cells, which might contribute to tumorigenic process. However, exactly how
p30 DBC affects tumorigenesis might be tissue specific, with its promoting tumor formation
in some cases while suppressing tumor growth or survival in others. The major caveat of the
current studies is the use of cancer cell lines, which have distinct genetic background that make
it difficult to draw any consistent conclusions. The physiological functions of p30 DBC in vivo
remain to be determined.

Conclusions

p30 DBC has been implicated in cancer cell proliferation and death in SIRT1-dependent or
independent manner (Fig. 1). The role of p30 DBC in tumorigenesis suggests that it may be a
potential therapeutic target. The development of compounds that can modulate the interaction
between p30 DBC and its binding proteins could be a therapeutic approach to control
tumorigenesis. However, a more thorough understanding of p30 DBC biology is urgently
required, since p30 DBC could function as either a tumor suppressor or a tumor promoter in a
cell type-specific manner. The further study of in vivo physiological function of p30 DBC and
how it affects tumorigenesis in tissue-specific manner will not only provide novel insights into
this interesting protein, but also allow us to design the best strategies to use any potential p30
DBC modulators for clinical applications.
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Figure 1.

The possible mechanisms of p30 DBC in regulating tumorigenesis.
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