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Abstract

and prognosis.

Selenium is a trace element that plays a critical role in physiological processes and cancer prevention, whose
functions may be through its effects on selenium-containing proteins. Selenium-binding protein 1 (SBP1) is a
member of an unusual class of selenium-containing proteins that may function as a tumor suppressor in multiple
cancer types and whose levels have been shown to be lower in cancers as compared to corresponding normal
tissues. This review is intended to summarize recent advances in gaining an understanding of the significance of
SBP1 in carcinogenesis, and suggest that SBP1 could be developed as a potential biomarker for cancer progression
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Introduction

Selenium is an essential trace element whose consump-
tion has significant impact on a wide variety of health
outcomes. For example, Keshan disease, a congestive
cardiomyopathy, is associated with low concentrations of
selenium in the soil in the geographical area of Keshan
County in China [1]. Higher intake of selenium is associ-
ated with a reduced incidence or severity of a wide range
of human disorders, including muscle and cardiovascu-
lar disease, cancer, endocrine dysfunction and neuro-
logical disorders [2]. In particular, geographic, animal
and human epidemiological studies, have shown that
lower concentrations of selenium in serum is associated
with increased risk of cancer and that selenium supple-
mentation may, in some cases, reduce the risk of several
cancer types, including those of the esophagus, colon,
prostate and liver [3]. The mechanisms of cancer
prevention remain unknown but might be linked to
enhancement of anti-oxidant defenses, increasing the
immune response and being anti-inflammatory.
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Selenium is a constituent of proteins of several classes.
Selenium-containing proteins generally fall into three
categories [4,5]. One of these classes includes those pro-
teins containing selenomethionine in which selenium,
due to its structural similarity to sulfur, incorporates
non-specifically into the sulfur-containing amino acid
[6]. The most common and best studied class of
selenium-containing proteins includes those that contain
the amino acid selenocysteine (Sec). Throughout evolu-
tion, from bacteria to humans, Sec is incorporated
co-translationally by its insertion in response to UGA
codons that otherwise would serve at translational
termination signals. In eukaryotes, the recognition of
UGA as Sec requires a regulatory sequence, called a
SECIS element, in the 3’-untranslated region of the
selenoprotein mRNA [7]. All in-frame UGA codons
contained in a SECIS-including mRNA are recognized
as encoding Sec, which is incorporated into the elongat-
ing peptide by a unique translational machinery that
includes a highly unusual tRNA, an elongation factor as
well as other proteins required for selenoprotein synthesis
[2,8]. There are 25 human Sec-containing selenoprotein
genes and 24 in the mouse [5]. The best studied Sec-
containing protein is the ubiquitously expressed glutathione
peroxidase-1 (GPx1). This enzyme uses reducing equiva-
lents from glutathione to detoxify lipid and hydrogen
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peroxides and its levels are sensitive to selenium availability.
Changes in the levels of GPx1 have been associated with a
variety of human diseases. The loss of one GPx1 allele has
been frequently observed during the development of several
common cancer types, including those of the breast, lung
and colon as well as those of the head and neck [9]. An
additional class of selenium-binding proteins includes those
proteins in which selenium is bound to the peptide, but not
incorporated into an amino acid as Sec. One such protein
is the selenium-binding protein 1 (SBP1) [10].

Identification and biological functions of SBP1

The human selenium-binding protein gene (SBPL,
SELENBP1 or hSP56) was first cloned in 1997 [11] and has
been suggested to mediate the intracellular transport of sel-
enium [11,12], although evidence for this role has not yet
been provided. SBPI is located on chromosome 1 at q21—
22, and is the homologue of the mouse SP56 gene that was
originally reported as a 56 kDa mouse protein that stably
bound “’selenium [10]. The human ¢DNA contains a 472
amino acid encoding open reading frame [11]. Chen et al.
has detected two 56 kD SBP1 isoforms in human lung can-
cers using Tandem mass spectrometry and 2-D western
blot analysis, in which an acidic isoform (457AA) was ob-
served at lower levels in lung adenocarcinomas compared
with normal lung, with two additional, more acidic SBP1
isoforms only observed in normal lung tissue [13].

The SBP1 protein has been detected in both the nucleus
and cytoplasm, as assayed by immunohistochemical stain-
ing [13,14] and it is expressed in a variety of tissue types, in-
cluding the heart, lungkidney and tissues of the digestive
tract. SBP1 is well conserved in eukaryotic evolution, with a
BLAST search revealing a better than 65% identity between
the human gene and that of organisms as diverse fish, birds,
urchins and Chlamys farreri, a bivalve (unpublished obser-
vation). The form of selenium in SBP1 is unknown as is the
nature of its association: the selenium remains bound to
the protein when electrophoresed in SDS acrylamine gels
but dissociates at extremes of pH [10].

The function of SBP1 is unknown although it may be
involved in intra-golgi transport [12]. Recently, SBP1 has
been shown to be a target of the hypoxia-inducible
factor-1 alpha (HIFla) [15] and to directly interact with
von Hippel-Lindau protein (pVHL) which may play a
role in the proteasomal degradation pathway in a selenium
dependent manner [16]. SBP1 has also been proposed to
serve as a marker in colonic cell differentiation [14].

Lower SBP1 levels in cancer are associated with poor
clinical cancer prognosis

Interest in SBP1 as a prognostic indicator was stimulated
in 2004 when gene expression profiling for predictors of
outcome in the management of pleural mesothelioma
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indicated that SBPI was among a group of 27 genes
whose expression segregated “good risk” from “bad risk”
post-surgery in mesothelioma patients [17]. Subsequently,
significantly reduced levels of SBP1 in tumors as compared
to the corresponding normal tissue has now been docu-
mented in cancers of the ovary, lung, esophagus, colon,
stomach, liver and in uterine leiomyoma [13,14,18-27].
Reduced expression of SBP1 is also associated with tumor
progression. SBP1 levels are reduced in Barrett’s esophagus
(BE), BE with low-grade dysplasia, BE with high-grade
dysplasia, and are significantly reduced in esophageal
adenocarcinoma [21]. Similarly, lower levels of SBP1 are
gradually reduced with gastric cancer progression [24]. In
lung adenocarcinoma, SBP1 protein isoforms and mRNA
levels were significantly decreased in poorly differentiated
adenocarcinoma compared to the moderately- and well-
differentiated adenocarcinomas [13]. Lower levels of SBP1
were also associated with the late stages of colorectal
[14,19] and lung cancer (T2-T4 versus T1) [13].

Several clinical studies have provided evidence indicat-
ing that lower SBP1 levels are associated with worse
prognosis of the cancers of lung, colorectal, stomach,
and liver [13,14,19,22,23,26,27]. Our studies have dem-
onstrated an association between SBP1 expression, as
assayed by tissue microarray (TMA), with disease-free
survival as well as overall survival among stage III colo-
rectal cancer patients using Kaplan—Meier analysis [14].
The conclusions drawn in this study have been sup-
ported by the work of others. Chen et al. reported that
low levels of the native form SBP1 protein (460aa) was
significantly correlated with poor survival among pa-
tients with lung cancer [13]. More recently, Huang et al.
presented data that SBP1 was an independent risk factor
for overall survival and disease recurrence; patients with
lower SBP1 expression as determined using tumor
microarrays experienced shorter overall survival periods
and higher rates of disease recurrence [26]. While the
expression or alterations of SBP1 in gastrointestinal stro-
mal tumors (GISTs) remains unknown although many
advances and management have been made [28,29].

Reduced levels of SBP1 are associated with epigenetic
changes

We have previously reported that SBP1 protein and
mRNA expression were dramatically lower in human
colorectal cancer [14] and recent studies have indicated
an association between epigenetic changes of SBP1 and
its reduced expression. Our group has provided data in-
dicating that reduced SBP1 expression was linked to the
hypermethylation in the SBP1 promoter using methyla-
tion analysis; SBP1 promoter methylation in cancer tis-
sues was much higher than those in the adjacent normal
mucosa [20]. These data clearly demonstrate that SBPI
promoter methylation may be one of the mechanisms
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responsible for SBP1 downregulation in human colon
cancers. Similar results were observed in human colo-
rectal cancer cell lines including HCT116, SW620,
SW480, HT29 and Caco2 cells in which lower or un-
detectable SBP1 levels were strongly associated with
SBPI promoter hypermethylation. In addition, SBPI pro-
moter hypermethylation led to reduced SBPI promoter
transcriptional activity in vitro [20]. Treatment with 5-
Aza-2’-Deoxycytidine (Decitabine, DAC) reversed SBPI
promoter methylation and stimulated its expression in
human colorectal cancer cells [20].

Epigenetic changes in SBP1 were also observed during
esophageal carcinogenesis where the proximal regions of
the SBPI promoter was hypermethylated during the pro-
gression of Barrett's esophagus to adenocarcinoma as
well as in esophageal cancer cell lines [21]. In addition,
posttranscriptional mechanisms, such as the appearance
of isoforms resulting from differential splicing, seemed
to modulate SBP1 protein levels, as did single nucleotide
polymorphisms (SNPs) [21]. As in the case of colon-
derived cell lines, the inhibition of methylation could
restore partial expression of SBP1 in esophageal cancer
cell lines [21]. In contrast, the treatment of A549 lung
adenocarcinoma cells with the methylation inhibitor 5-
azacytidine did not affect SBP1 expression [13].

SBP1 as a putative tumor suppressor

Several lines of evidences have provided support for a
tumor suppressor role of SBPI. Analysis of tumor prolif-
eration status using the Ki-67 proliferation marker
indicated that down-regulated expression of SBP1 resulted
in increased cell proliferation and decreased differentiation
in lung adenocarcinomas [13]. Inhibition of SBP1 by siRNA
effectively increased cell motility, promoted cell prolifera-
tion, and inhibited apoptosis in hepatacellular carcinoma
cell lines [26]. Conversely, ectopic SBP1 expression in colo-
rectal cancer cells resulted in inhibition of cancer cell prolif-
eration and the induction of apoptosis, attenuated cancer
cell migration in vitro, and significantly inhibited cancer cell
growth in nude mice [20]. These findings clearly demon-
strated a likely tumor suppressor function of SBPI, al-
though determining the underlying molecular mechanisms
requires further investigation.

Inverse regulation and interaction between SBP1 and
GPx1

We recently reported that ectopic expression of SBP1 was
sufficient to cause an approximately 50% reduction in the
activity of the GPx-1 selenoprotein in human HCT116
colon cancer cells without affecting GPx1 mRNA and pro-
tein levels [30]. However, increased expression of GPxl,
achieved either by transfection of a GPx1 expression con-
struct or by supplementing the media with selenium,
resulted in the significant reduction of SBP1 protein and
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mRNA levels. Selenium titration studies, either in the
presence or absence of GPx1, established that the opposing
regulation of these proteins was not due to a simple com-
petition for available selenium, and this conclusion was
supported by co-immunoprecipitation studies that indi-
cated that SBP1 and GPx1 formed a physical interaction.
These results were extended to mice which indicated that
increasing GPx1 levels by dietary selenium supplementa-
tion resulted in a decline in SBP1 levels in colonic and
duodenal epithelial cells [30]. These studies were extended
by the work of others in which it was shown that SBP1 and
GPX1 formed nuclear bodies and also co-localized under
oxidative stress, and that decreased SBP1 was associated
with increased GPX1 activity and correlated with vascular
invasion in freshly isolated clinical hepatocellular cancer
tissues [26]. These results were similar to our most recent
data indicating that there is an inverse association between
SBP1 and GPx1 levels in human colon (Yang et al., not
published) and prostate, as well as the demonstration of
an association between higher GPx1 levels and clinical
Gleason grade of prostate cancer tissues [31]. These data
have collectively demonstrated both an inverse regulation
and physical interaction between the representatives of
two distinct classes of selenoproteins, each implicated in
cancer etiology.

Conclusion

SBP1 is expressed in normal tissues, but its levels are re-
duced in multiple types of cancer. Reduced levels of
SBP1 likely result from both epigenetic and posttran-
scriptional alterations. SBP1 is inversely regulated and
interacts with GPx1, and these effects might be medi-
ated, at least in part, by selenium. Clinically, the reduced
expression SBP1 is linked to poor survival of cancer pa-
tients (Figure 1). Therefore, SBP1 SBP1 expression may
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Figure 1 Proposed roles of SBP1 in carcinogenesis
and prognosis.
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be developed as an indicator for the monitoring of
carcinogenesis and progression, as well as a biomarker
for the prediction of cancer risk and clinical prognosis.
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