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Sp1 Is a Transcription Repressor to Stanniocalcin-1
Expression in TSA-Treated Human Colon Cancer Cells, HT29
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ABSTRACT

Our previous study demonstrated that, stanniocalcin-1 (STC1) was a target of histone deacetylase (HDAC) inhibitors and was involved in
trichostatin A (TSA) induced apoptosis in the human colon cancer cells, HT29. In this study, we reported that the transcriptional factor,
specificity protein 1 (Sp1) in association with retinoblastoma (Rb) repressed STC1 gene transcription in TSA-treated HT29 cells. Our data
demonstrated that, a co-treatment of the cells with TSA and Sp1 inhibitor, mithramycin A (MTM) led to a marked synergistic induction of
STC1 transcript levels, STC1 promoter (1 kb)-driven luciferase activity and an increase of apoptotic cell population. The knockdown of Sp1
gene expression in TSA treated cells, revealed the repressor role of Sp1 in STC1 transcription. Using a protein phosphatase inhibitor okadaic
acid (OKA), an increase of Sp1 hyperphosphorylation and so a reduction of its transcriptional activity, led to a significant induction of STC1
gene expression. Chromatin immunoprecipitation (ChIP) assay revealed that Sp1 binding on STC1 proximal promoter in TSA treated cells. The
binding of Sp1 to STC1 promoter was abolished by the co-treatment of MTM or OKA in TSA-treated cells. Re-ChIP assay illustrated that Sp1-
mediated inhibition of STC1 transcription was associated with the recruitment of another repressor molecule, Rb. Collectively our findings

identify STC1 is a downstream target of Sp1. J. Cell. Biochem. 112: 2089-2096, 2011.
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T he mammalian glycoprotein, stanniocalcin-1 (STC1) is
ubiquitously expressed in different cell-types and is found
to be regulated in numerous developmental and pathophysiological
processes, including intestinal Ca?"-transport, organogenesis, and
carcinogenesis [Ishibashi and Imai, 2002; Chang et al., 2003;
Yoshiko and Aubin, 2004; Gerritsen and Wagner, 2005; Wagner and
DiMattia, 2006]. The broad expression profile of STC1 in various
tissues as well as their low or undetectable level in mammalian
blood, have suggested their autocrine and/or paracrine role in the
regulation of biological functions [De Niu et al., 2000; Ishibashi and
Imai, 2002]. Human STC1 is localized at the metastatic susceptibility
locus, 8p, which is known to be a hot-spot for the disruption of
tumor progression in colorectal-liver metastases [Chang et al., 1998;
Blaker et al., 1999; Chughtai et al., 1999; Knosel et al., 2004; Diep
et al.,, 2006; Macartney-Coxson et al., 2008]. The loss of 8p in
colorectal cancers mostly implicates in disease advancement and
metastasis [Blaker et al., 1999; Knosel et al., 2004; Diep et al., 2006;
Macartney-Coxson et al., 2008]. Intriguingly the 5-untranslated
region of STC1 gene showed long stretches of CAG trinucleotide

repeats, which may also relate to genetic instability and transcrip-
tional silencing [Chang et al., 1998; Varghese et al., 1998;
Parniewski and Staczek, 2002].

Our previous and other studies have revealed that, STC1 is a
hypoxia-inducible factor-1 (HIF-1) target gene [Eisenhofer et al.,
2004; Yeung et al., 2005; Westberg et al., 2007a,b; Law et al., 2010],
probably expressed in tumor microenvironment and was involved in
the process of apoptosis [Zhang et al., 2000; Wu et al., 2006; Lai
et al., 2007; Law et al., 2008; Block et al., 2009; Nguyen et al., 2009]
and cell proliferation [Daniel and Lange, 2009]. The transcriptional
factor specificity protein 1 (Sp1) is known to be important in the
transcriptional regulation of genes involved in cancer cell growth,
differentiation, and apoptosis [Black et al., 2001; Deniaud et al.,
2006, 2009]. Spl is also known to regulate several hypoxia-
responsive genes such as erythropoietin (EPO) and vascular
endothelial growth factor (VEGF) [Sanchez-Elsner et al., 2004;
Safe and Abdelrahim, 2005; Song et al., 2009]. Using ChIP
bioinfomatics’ Mapper, five putative Sp1 binding sites are identified
to be located on human STC1 gene 4kb promoter whereas one is
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found in the proximal promoter (—682/—691), in association with a
putative elongation factor 2 (E2F) site (—714/—721). The interaction
of Spl with E2F is known to be important for repression or
transactivation of growth-related genes [Johnson and Schneider-
Broussard, 1998; Doetzlhofer et al.,, 1999; Chang et al., 2001]. In
respective to the available transcriptional and functional informa-
tion, in this study we were interested in deciphering the involvement
of the transcriptional factor Spl in the regulation of STC1
expression. Using pharmacological approach and re-ChIP assay,
our data revealed that Sp1, in association with hypophosphorylated
Rb formed a repressor complex to inhibit STC1 gene expression in
HT29 cells. We also showed that, the co-treatment of the cells with
TSA and Sp1 inhibitor (mithramycin A, MTM) significantly and
concomitantly increased apoptotic populations and STC1 expres-
sion. The data of the present study revealed the first time that, the
involvement of Sp1 in the regulation of STC1 gene transcription and
supported our previous findings of STC1 being involved in the
apoptotic process of human cancer cells.

EFFECTS OF Sp1, Sp3, AND PP2A INHIBITORS ON STC1 mRNA
EXPRESSION

The human colon adenocarcinoma cells HT-29 were grown in
McCoy5A supplemented with 10% FBS (HyClone®, Perbio) and
antibiotics (50 U/ml penicillin and 50 pg/ml streptomycin) (Invitro-
gen) at a density of 5 x 10* cells per well in 12-well plates (Falcon).
The cells were incubated in 5% CO, at 37°C. After overnight
incubation, the cells were treated with one of the following
treatments: (a) 500 nM trichostatin A (TSA, Calbiochem), (b) 300 nM
MTM (an inhibitor for Sp1 binding, Sigma), or (c) TSA + MTM. The
cells were pre-incubated with MTM for 30 min before the addition of
TSA. Total RNA was extracted, reverse-transcribed, and STC1 mRNA
levels were measured by real-time PCR. To test the effects of the
PP2A inhibitor (okadaic acid, OKA, Calbiochem) to STC1 mRNA
expression, HT-29 cells were incubated with one of the following
treatments: (a) 500 nM of TSA, (b) 30 nM of OKA or, (c) TSA + OKA.
The cells were pre-incubated with OKA for 30 min before the
addition of TSA. Total RNA and protein lysates were collected for
real-time PCR and Western blot analysis, respectively.

Sp1 AND STC1 REPORTER ASSAY

The day before transfection, HT-29 cells were plated into six-well
tissue culture dishes at a density reaching 70-80% confluence by the
time of transfection. Transfection was performed using LipofectA-
MINE™ 2000 reagent (Invitrogen) with 750 ng of pSp1-luc reporter,
which contains six Sp1-binding sites (cloned from human p21 gene
promoter (—133/416)), upstream of the firefly luciferase gene (luc)
of pGL3-SV40 plasmid (Promega). The luciferase construct was co-
transfected with an internal control, 50 ng of pRL-SV40 plasmid
(Promega) for the normalization of the transfection efficiency. Six
hours after transfection, the transfection medium was replaced by a
complete medium, and the culture was then incubated overnight.
The transfected cells were exposed to one of the following
treatments: (a) 500 nM of TSA, (b) 300 nM MTM, (c) TSA + MTM,
followed by 24 h incubation in 5% CO, at 37°C. The cells were then

TABLE 1. The Sequences of Small Interference RNA

Small interference RNA Target sequence

SiIRNA 1 #1: GGCUACGUCCAGGAGCGCA
SiRNAgp; #1: GCCAAUAGCUACUCAACUA
#2: GAAGGGAGGCCCAGGUGUA
#3: GGGCAGACCUUUACAACUC
#4: CUACAGAGGCACAAACGUA
SIRNA 3 #1: GGUAUUCACUCUAGCAGUA
#2: GAAAUUUGUUUGUCCAGAA
#3: GAUAGGAACUGUUAAUACU
#4: GCGAGAUGAUACUUUGAUU

lysed in a passive lysis buffer (Promega). Twenty microliters of the
supernatant were used to assay the luciferase activities. Firefly and
Renilla luciferase activities were sequentially measured from a same
sample using the Dual-Luciferase reporter assay system (Promega)
and Infinite™ F200 luminometer (TECAN).

RNA INTERFERENCE

One day before transfection, HT-29 cells were plated at a density of
5x 10%cells per well in 12-well plates (Falcon), then mock-
transfected or transfected with 20nM of siCONTROL® Non-
Targeting siRNA duplex (siCtrl), human Sp1-specific siRNA duplex
(siRNAsp;) (Dharmacon) or human Sp3-specific siRNA duplex
(siRNAs;3) (Dhamacon) (Table I), using DharmaFECT™ according to
the manufacturer’s instructions (Dharmacon). The transfected cells
were then treated with 500 nM TSA for 24 h. Total RNA was collected
for real-time PCR analysis.

CHROMATIN IMMUNOPRECIPITATION (ChIP) AND RE-ChIP ASSAYS
ChIP assay was conducted using the ChIP assay kit according to the
manufacturer’s instruction (Upstate) and rabbit antibody against
Sp1, Sp3 (Santa Cruz) as described in our previous studies [Law et al.,
2008]. Re-ChIP assays were performed with modifications of the
procedure described by Metivier et al. [2003]. Briefly Sp1 ChIP
complexes were eluted by incubation for 30 min at 37°C in 25 wl of
10 mM dithiothreitol (Calbiochem). After centrifugation, the super-
natant was diluted with a re-ChIP buffer (20 mM Tris-HCl, 150 mM
NaCl, 2mM EDTA, and 1% Triton X-100, pH 8.0). The diluted
complexes were then subjected to immunoprecipitation (IP) by
rabbit against retinoblastoma (Santa Cruz). The immunoprecipitated
chromatin was analyzed in triplicate by PCR wusing the
primers (GAGTAAAACTGCTGTAAGCAGG-forward and GCCCAA-
GAGCTGCACCCA-reverse) on proximal region of human STC1
promoter.

IMMUNOPRECIPITATION ASSAYS (IP)

For each IP assay, 1 mg whole-cell lysates in 1 ml IP buffer (20 mM
Tris-HCI pH 8.0, 100 mM Nacl, 1 mM EDTA, 0.5% NP-40, and 1x
protease inhibitor cocktail) was used. The lysate was initially pre-
cleared with 0.5pg of normal rabbit immunoglobulin G (IgG)
(Millipore) and 40 wl protein A/G PLUS agarose beads (Santa Cruz) at
4°C for 20 min. The pre-cleared supernatant was incubated with 2 g
of the rabbit against human Sp1 at 4°C overnight with gentle
shaking. This was followed by an addition of 40 .l of protein A/G
PLUS agarose beads and was incubated for another 1h at 4°C. The
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protein-antibody-agarose complex was recovered by brief cen-
trifugation and was washed three times with 1 ml IP buffer for 5 min
each time at 4°C. The complex was re-suspended in 80 .l of 1x SDS
sample buffer containing 2.5% B-mercaptoethanol and boiled for
5 min before being subjected to Western blotting using rabbit anti-
phosphorylated protein (Pan) (Zymed, Invitrogen).

RNA EXTRACTION, PCR PRODUCT VERIFICATION,

AND REAL-TIME PCR

Cells were dissolved in TRIZOL Reagent. Total RNA was extracted
according to the manufacturer’s instructions. The RNA A,¢0/Azg0
ratios were between 1.6 and 1.8. The primers for human
STC1 [CACACCCACGAGCTGACTTC-forward, TCTCCCTGGTTATG-
CACTCTCA-reverse], human Spl [TGGTGGTGCCTTTTCACAGG-
forward, TTGCTGTTCTCATTGGGTGA CT-reverse], human Sp3
[ACAGCATCTACAACTTCAAGAGTC-forward, TGGATTGTCTGT
GGTGTAATCCT-reverse], and actin [GACTACCTCATGAAGATCCT-
CACC-forward, TCTCCTTAATGTCACGCACGATT-reverse] were
used as described in our previous study [Yeung et al., 2005; Lai
et al., 2007]. Briefly, cDNA was synthesized from 1 g of total
cellular RNA using the iScript™ c¢DNA synthesis kit (Bio-Rad Pacific
Ltd.). Quantitated standards (10*-10°%) and sample cDNAs were
analyzed with the iCycler iQ real-time PCR detection system using
iQ™ SYBR® Green Supermix (Bio-Rad Pacific Ltd). The copy
number for each sample was calculated and all the data were
normalized to actin. The PCR conditions were 95°C for 3 min and 40
cycles of 95°C for 30's, 56°C for 30 s, and 72°C for 1 min. Fluorescent
signal was captured at 82°C, and the occurrence of primer-dimer
and secondary products were inspected using melting curve
analysis. Control amplifications were conducted either without
RT or without RNA. Following PCR amplification, the reaction
products were resolved at 100V on 1% agarose gels with 0.5 p.g/ml
ethidium bromide (Sigma). All glass- and plastic-ware were treated
with diethyl pyrocarbonate (Amersham Biosciences) and auto-
claved.

STATISTICAL ANALYSIS

Drugs treatments were performed in triplicate in the same
experiments and individual experiments were repeated at least
four times. All data are represented as the mean £ SEM. Statistical
significance was assessed with a Student’s ¢-test or one-way analysis
of variance (ANOVA) followed by Duncan’s multiple range tests.
Groups were considered significantly different if P < 0.05.

AN INHIBITION OF TSA-INDUCED Sp1 ACTIVITY WAS
ACCOMPANIED WITH AN ACTIVATION OF STC1 GENE
EXPRESSION AND CELLULAR APOPTOSIS

Our previous study revealed the association of histone deacetylation
and NFkB activation in the stimulation of STC1 expression in TSA
treated cells [Law et al., 2008]. To identify the involvement of other
transcriptional factors in the regulation, the transcriptional
activities of the three common TSA-activated transcription factors
were screened by reporter assays. NFkB, p53, and Spl-driven
luciferase activities were measured in the cells (Fig. 1A, left panel).

The data showed that, TSA treatment induced the activities of both
NFkB and Sp1 reporters. The identification of an increase of NF«B
transcriptional activity is consistent with our previous finding [Law
et al., 2008]. However, the role of Sp1 in STC1 gene transactivation
was not known. To illustrate the involvement of Sp1 in STC1 gene
expression, the Spl inhibitor MTM was used to inhibit Spl
transcriptional activity in the TSA-treated cells (Fig. 1A, right
panel). The inhibition was found to associate with a synergistic
induction of STC1 gene transcription (Fig. 1B, left panel), STC1-
promoter driven luciferase activity (Fig. 1B, right panel) as well as
the percentage of apoptotic cell population (Fig. 1C) in the TSA
treated cells.

TRANSCRIPTIONAL ROLE OF Sp1 AND Sp3 IN STC1 GENE
EXPRESSION

Since the transcription factor Sp3 shares the similar DNA binding
sites with Sp1, we decided to verify the contribution of Sp1 and Sp3
in TSA-induced STC1 gene expression. Using small interference
RNA (siRNA), Sp1 and/or Sp3 was selectively knocked down for
the demonstration of their roles in STC1 gene transactivation
(Supplementary Fig. S1). In TSA treated cells, the knockdown of Sp1
prompted a further activation of STC1 gene expression (Fig. 2). Sp3
silencing showed no significant effect on the TSA-induced STC1
transcript levels.

EFFECTS OF Sp1 HYPERPHOSPHORYLATION ON STC1 TRANSCRIPT
LEVELS AND Sp1-BINDING TO HUMAN STC1 GENE PROMOTER
Transcriptional activity of Spl is mostly regulated by post-
translational modification, which affects the DNA binding activity
of the proteins [Fojas et al., 2001; Milanini-Mongiat et al., 2002].
To induce Spl hyperphosphorylation, a protein phosphatase
inhibitor OKA was used in this study. IP data showed that the
OKA treatment increased the level of Sp1l phosphorylation and
STC1 expression as compared to the TSA treatment alone
(Fig. 3A). ChIP assay was conducted to illustrate the binding
of Sp1 to STC1 promoter. TSA treatment increased Sp1 binding to
the promoter. The co-treatment with either OKA or MTM
significantly reduced the binding of Spl to the promoter
(Fig. 3B). A re-ChIP assay illustrated Sp1 binding was associated
with Rb and this co-binding was abolished in OKA treatment
(Fig. 3Q).

Current evidences support the notion that STC1 is involved in
human cancer development [Chang et al., 2003; Eisenhofer et al.,
2004; McCudden et al., 2004; Tohmiya et al., 2004; Koide and
Sasaki, 2006; Nakagawa et al.,, 2007; Joensuu et al., 2008;
Macartney-Coxson et al., 2008; Klopfleisch and Gruber, 2009].
Our previous studies have revealed that, STC1 is a HIF-1 target gene
and was epigenetic regulated by histone deacetylation [Yeung et al.,
2005; Law et al., 2008, 2010]. The induction of STC1 expression was
shown to be regulated by p53 and NF«B signaling [Lai et al., 2007;
Law et al., 2008]. Although the functional role of STC1 is not fully
elucidated, considerable number of studies has highlighted its
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Fig. 1. Trichostatin A (TSA) induced Sp1 activity and co-treatment with mithramycin A (MTM) induced both STC1 gene expression and apoptosis in HT29 cells. A: Luciferase
reporter assay showed TSA induced both NF«B and Sp1 reporter activities. No observable effect of TSA on p53 reporter activity was noted. On the right panel, The TSA induced
Sp1-driven luciferase activity was abolished in a co-treatment with 300 nM of MTM. B: The stimulatory effects of TSA to STC1 mRNA level (left panel) and STC1 promoter-
driven reporter activity (right panel) were significantly enhanced by MTM co-treatment. C: Flow cytometric analysis of annexin V/PI stained cells treated for 24 h with TSA
(500 nM), and/or MTM (300 nM). Significant induction of annexin V' cells was observed at 24 h of both TSA and MTM treatment. Co-treatment of TSA and MTM further
induced annexin V" cells. Results shown were obtained from four independent experiments. Asterisks (*) denotes P< 0.05 compared with the respective control. Bars with the
same letter are not significantly different according to the results of one-way ANOVA followed by Duncan's multiple range tests (P< 0.05).
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for real-time PCR analysis. TSA induced STC1 expression was further enhanced
in Sp1 silenced cells; while Sp3 silenced cells did not shown significant
changes. Asterisks (*) denotes P< 0.05 compared with the control.
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possible involvement in cell proliferation and apoptosis [Zhang
et al., 2000; Wu et al., 2006; Lai et al., 2007; Law et al., 2008; Block
et al., 2009; Daniel and Lange, 2009; Nguyen et al., 2009]. Inhibitors
of histone deacetylase (HDAC) are known to be the promising drugs
for cancer treatment in pre-clinical models and have been
investigated in clinical trials. The regulation of gene transcription
by acetylation is attributed by the global chromatin remodeling and
the activity of chromatin associated non-histone proteins. Of which,
the acetylation of the non-histone proteins (i.e., transcriptional
factors) attributes considerably to this highly selective transcrip-
tional regulation, leading to an alternation of less than 10% of
global gene expression profile. Owing to the selectivity in gene
activation, the treatment of cancer cells with HDAC inhibitors can
lead to different biological consequences, like cell growth,
metastasis, angiogenesis, and apoptosis. The most common
transcriptional factors that are known to be regulated by acetylation
include p53, Spl, and NFkB. Using the HT29 cell model, TSA-
induced Sp1 transcriptional activity was detected. The Sp1 inhibitor
MTM is known to block the binding of Sp1 to GC-rich elements in
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Fig. 3. Effect of a protein phosphatase inhibitor, okadaic acid (OKA) on TSA-induced STC1 expression and the binding of Sp1 and Rb to STC1 gene promoter. HT29 cells
incubated with TSA were co-treated with 30 nM OKA for 24 h. The cells were lysed for immunoprecipitation (IP) and real-time PCR analysis. A: IP assay showed that OKA caused
hyper-phosphorylation of Sp1 (left panel) and was accompanied with a synergistic induction of STC1 expression (right panel). B: ChIP assay showed the bindings of Sp1 to STC1
gene promoter. The binding was significantly reduced in OKA or MTM co-treatment. C: Re-chip assay showed the binding of Rb to STC1 promoter.
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gene promoter [Sastry and Patel, 1993; Albertini et al., 2006].
Consistently the co-treatment of the cells with Sp1 inhibitor, MTM
reduced Sp1 transcription activity. The displacement of Sp1 binding
on STC1 gene promoter caused the increase of both STC1 gene
expression and STC1-promoter driven luciferase activity. Since the
DNA binding activity of Sp1 was mostly affected by phosphoryla-
tion, whereas five phosphorylation sites (i.e., Ser59, Ser131, Thr453,
Thr579, and Thr739) have been confirmed [Armstrong et al., 1997;
Chun et al., 1998; Black et al., 2001; Fojas et al., 2001; Milanini-
Mongiat et al., 2002; Samson and Wong, 2002; Chu and Ferro,
2005]. The phosphorylation of the specific sites on Sp1 can be
modulated by kinases and phosphatases (i.e., casein kinase-II,
cyclin-dependent kinase, extracellular signal-regulated kinase,
protein phosphatase-1 (PP1), and phosphatase-2A (PP2A)), leading
to functional changes in DNA binding and gene transactivation
[Chu and Ferro, 2005]. In this study, the specific sites for Sp1
phosphorylation have not been identified, however the depho-
sphorylation of Sp1 by PP1 and PP2A mostly upregulates Spl
transcriptional activity [Daniel et al., 1996; Schafer et al., 1997;
Lacroix et al., 2002]. OKA is a specific inhibitor for PP1 and PP2A,
the induction of Spl hyperphosphorylation by OKA might
presumably reduce Sp1 binding to STC1 proximal promoter. Yet
again the OKA co-treatment significant enhanced TSA-induced
STC1 expression. Furthermore, using RNA interference and ChIP
assays, our data confirmed that Spl-mediated transcriptional
repression via its binding, together with Rb on human STC1 gene
promoter.

The binding site for Sp1 is generally present in promoters of a
number of genes, those are involved in multiple aspects of
tumorigenesis, like cell growth, apoptosis and angiogenesis [Black
et al., 2001; Deniaud et al., 2006, 2009]. With the benefit of
hindsight, biological roles of STC1 have been related to these
aspects. The identification of growth-related properties of STC1 gene
was firstly revealed in the cDNA microarray screening of human
fibroblast in response to serum supplement [Iyer et al., 1999]. STC1
mRNA expression was induced by 6-8 folds at 6 h of post-serum
stimulation. In a recent study, the knockdown of STC1 expression
was found to be related to growth inhibition in human breast cancer
cells, expressing SUMO-deficient mutant progesterone receptor
[Daniel and Lange, 2009]. A number of studies have highlighted the
possible involvement of STC1 in cellular apoptosis [Zhang et al.,
2000; Wu et al., 2006; Law et al., 2008; Nguyen et al., 2009]. In
addition to cell growth and apoptosis, STC1 was suggested to be a
downstream target of VEGF/Wnt2 and was involved in angiogenic
responses [Kahn et al., 2000; Wary et al., 2003; Zlot et al., 2003;
Holmes and Zachary, 2008; Klein et al., 2009]. Retrospectively the
literatures mirror the putative STC1 functions to the tumorigenic
effects of Sp1-signalling. More importantly, putative Sp1 and E2F
binding sites were found to be located in STC1 proximal promoter.
Interestingly the number and the pattern of Sp1 sites identified at
proximal promoters of both mouse and human STC1 and STC2 genes
were highly conserved, suggesting an intimate association between
Spl and STC-1 and -2 genes regulation [Bouras et al., 2002].
Moreover, Spl is known to be able to act as both negative and
positive regulator of gene transcription [Doetzlhofer et al., 1999].
One of the key factors that determine the outcome of Sp1-dependent
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Fig. 4. Model of transcriptional activation of STC1 gene expression by TSA
and/or co-treatment with MTM, OKA, or siRNAs;;. In the absence of TSA, the
STC1 gene promoter is repressed by HDAC and Sp1/Rb complex. TSA treatment
induced histone hyper-acetylation at STC1 gene promoter and gene transcrip-
tion. The co-treatment reduced the binding of the Sp1/Rb complex on the gene
promoter. Maximum induction of STC1 gene expression was observed. HDAC,
histone deacetylase; Ac, acetylated histones.

Maximum transeription induction

gene regulation involves a competition between the transcriptional
repressor HDAC1 and the transactivating factor E2F1 [Doetzlhofer
et al, 1999; Zhang et al., 2006]. In the presence of HDACI,
hypophosphorylated Rb interact with Sp1 to form the transcrip-
tional repressor complex [Chang et al., 2001]. Using both
pharmacological and ChIP studies, our data illustrated that Sp1
interacted with STC1 gene promoter and may function as a
transcriptional repressor to STC1 gene expression (a model is shown
in Fig. 4). Our data suggested that, Sp1 inhibited STC1 gene
expression by the formation of a repressor complex, including Rb. A
similar repressor complex was reported to bind on the promoter
region of the cell proliferation-regulated gene (i.e., dihydrofolate
reductase) in serum-starved cells [Chang et al., 2001]. Collectively
this is the first study to demonstrate the involvement of Sp1 in the
regulation of STC1 gene transcription. The data support the notion
that, the biological functions of STC1 may relate to cell proliferation
and apoptosis.
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