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Abstract
Introduction—Osteopontin (OPN) mediates cancer metastatis. Mechanisms regulating OPN
expression in human colorectal cancer are unknown. Using SW480 colon adenocarcinoma cells, we
hypothesized that transcription determines OPN expression.

Methods—SW480 constitutively express OPN. Transient transfection and deletion analysis of
human OPN promoter (full-length 2.1 kb)-luciferase constructs identified cis-regulatory regions.
Gelshift and chromatin immunoprecipitation (ChIP) assays identified the trans-regulatory nuclear
protein. Using in vitro adhesion, migration and invasion studies, siRNA was utilized to determine
the functional effect of decreased nuclear protein expression.

Results—A cis-regulatory promoter region, nt-80 to nt-108, upregulated OPN transcription.
Gelshift assays demonstrated specific binding of nuclear proteins. Competition with unlabelled
mutant oligonucleotides indicated that the region, nt-94 to nt-104 (TGGGCTGGGC), was essential
for protein binding in gelshift assays. Confirmatory ChIP assays showed the corresponding nuclear
protein to be Sp1. Sp1 expression was ablated with siRNA (si-Sp1) resulting in decreased OPN
dependent adhesion, migration and invasion by 50%, 70% and 65%, respectively. Exogenous
addition of OPN to si-Sp1 cells restored adhesion, migration and invasion indices.

Conclusions—In SW480 human colon cancer cells, we conclude that Sp1 mediated expression of
the tumor metastasis protein, OPN, regulates in vitro functional correlates of tumor metastasis.

Introduction
Evidence indicates that OPN plays a major regulatory role in tumor metastasis. A correlation
between high levels of OPN protein expression and malignant invasion was established when
OPN was demonstrated within tumor cells and in the surrounding stroma of numerous human
cancers.(1–4) In the setting of colon cancer, the role of OPN is less well characterized. In pooled
sample expression profiling, OPN was identified as the lead marker of colon cancer progression
in a screen of 12,000 human genes.(5) A significant association between the degree of OPN
expression and advancing Astler Coller (AC) stage was confirmed by Northern blot analysis.
Almost 10–20 fold OPN induction was observed in samples with liver metastases over normal
mucosa.(5) Furthermore, Coppola and coworkers have subsequently shown that OPN protein
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expression correlates significantly with colon cancer stage.(6) In a murine liver metastasis
model of CT26 cells, we have previously demonstrated that OPN mediates tumor metastasis
by enhancing tumor cell invasion and migration through the extracellular matrix, independent
of cellular proliferation and cell-matrix adhesion.(7) RNAi silencing of OPN significantly
inhibited in vivo hepatic metastases, in vitro migration and invasion, and CT26 expression of
matrix metalloproteinase-2.

Despite large amounts of correlative data, little is known of the regulatory mechanisms
underlying OPN expression in colon cancer. Results from our lab and others indicate that OPN
gene transcription is a critical regulatory component in the metastatic phenotype of colorectal
cancer.(8) In this study, we map the differential cis- and trans- regulatory mechanisms of OPN
gene transcription in the human SW480 colon cancer cell line and demonstrate functional in
vitro correlates. Our results indicate that Sp1 is a critical determinant of OPN expression in
this system.

Methods
Cell culture

The human colon carcinoma cell line SW480 was obtained from American Type Culture
Collection (Manassas, Virginia, USA) and cultured in RPMI 1640 medium supplemented with
10% fetal bovine serum (Sigma-Aldrich, St Louis, Missouri, USA) and penicillin (100 media
was collected after U/ml) at 37°C in 5% CO2. For secreted-protein analysis, serum-free and
centrifuged at 600 × g for 5 min to remove cellular material; the supernatant was concentrated
100-fold through Ultrafree Centrifugal filters (Millipore, Bedford, MA).

Western blot analysis
Cells were lysed in buffer (0.8% NaCl, 0.02% KCl, 1% SDS, 10% Triton X-100, 0.5% sodium
deoxycholic acid, 0.144% Na2HPO4, and 0.024% KH2PO4, 2 mM phenylmethylsulfonyl
fluoride, pH 7.4) and centrifuged at 12,000 × g for 10 min at 4 °C. The protein concentration
was determined by the Bio-Rad protein assay kit; the protein samples were separated by 4–
20% SDS-PAGE and electrotransferred onto polyvinylidene difluoride membranes
(Amersham Biosciences) by semi-dry transfer (Bio-Rad). The membranes were probed with
goat OPN Ab (R&D Systems, Minneapolis, MN) for 1 h at room temperature and detected
using the appropriate horseradish peroxidase-conjugated secondary antibody. The reactive
proteins were visualized by means of the ECL kit (Amersham Bioscience). Relative protein
expression was analyzed by laser densitometry and normalized to a β-actin standard.

Northern blot analysis
Total RNA was isolated using a TRIzol kit according to the manufacturer’s instruction
(Invitrogen). RNA (10 μg) was separated by electrophoresis through denaturing 1.2% agarose
gel containing 1% formaldehyde and transferred onto Hybond N+ nylon membrane
(Amersham Biosciences). The membrane was UV-cross-linked; hybridization was carried out
with [α-32P]dCTP by random primers DNA labeling system (Invitrogen) to specific activities
of 5 × 108 cpm/μg. A 32P-labeled 800-bp probe was constructed based upon the human OPN
cDNA sequence (GenBank accession number ). After hybridization, the membranes were
washed and exposed on film at −70 °C.

Transient transfection and luciferase assay
5′-Deletion fragments of the human OPN promoter were subcloned into pGL3 plasmid
(Promega). The lengths of the osteopontin promoter fragments tested were: OPN −80 (nt −80
to nt +86), OPN −108 (nt −108 to nt +86), OPN −135 (nt −135 to nt +86), OPN −174 (nt −174
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to nt +86), OPN −190 (nt −190 to nt +86), OPN −400 (nt −400 to nt +86), and OPN -Full
(−2098 to +86). All constructs were confirmed by DNA sequencing. DNA transfections of
SW480 colon cancer cells were carried out in 12-well plates using Lipofectin. Briefly, 1 ×
105 cells were plated on a 12-well plate and allowed to grow for 24 h before the transfection.
2 μg of plasmid DNA and 24 μg of Lipofectin diluted in OPTI-DMEM were combined and
incubated at room temperature for 20 min. The cells with transfection reagents were incubated
for 4 h at 37 °C in a CO2 incubator. To control transfection efficiency between groups, 10 ng
of pRL-SV40 was added to each well. Twenty-four hours after transfection, the cells were
harvested in 0.4 ml of reporter lysis buffer (Promega), and dual luciferase reporter assays were
performed. Transfection efficacy was normalized using the Renilla luciferase activity encoded
by the co-transfected pRL-SV40 plasmid.

Nuclear extract preparation
Monolayers of SW480 cells were washed with phosphate-buffered saline and harvested by
scraping into cold phosphate-buffered saline. The cell pellet obtained by centrifugation was
resuspended in buffer containing 10 mM HEPES, pH 7.9, 10 mM KCl, 0.1 mM EDTA, 0.1
mM EGTA, 1.0 mM DTT and 0.5 mM phenylmethylsulfonyl fluoride; then 10% Nonidet P-40
was added and vortexed briefly; and the nuclei were pelleted by centrifugation. The nuclear
proteins were extracted. Insoluble material was removed by centrifugation at 14000 rpm, and
the supernatant containing the nuclear proteins was stored at −80 °C until use.

Gel shift assays
Gel shift assays were performed using nuclear cell extract fraction, as previously described.
The target oligonucleotide (nt −108 to nt −80) used in gel shift was: 5′-
AGGTGGGCTGGGCAGTGGCAGAAAACCT-3′. In specific competition binding assays,
unlabeled target oligonucleotides or oligonucleotides containing a consensus Sp1 binding
sequence (5′-ATTCGATCGGGGCGGGGCGAGC-3′) was added at 200 M excess. In
nonspecific competition assays, unlabeled AP2 consensus oligonucleotides (Promega) were
used. In Sp1-Mutant, 5′-AGGTGGGCTGGGCAGTGGCAGAAAACCT-3′ was mutated to
5′-AGGCAAATCAAACAGTGGCAGAAAACCT-3′. Supershift assays were performed by
the addition of 0.5, 1, and 2 μl of SP1(H-225): sc-14027 a rabbit polyclonal antibody (Santa
Cruz Biotechnology). The probe was prepared by end labeling the wild-type 28-bp double-
stranded oligonucleotides with [32P]ATP (2500 Ci/mmol) using T4 polynucleotide kinase,
followed by G-50 column purification. The reactions were resolved on a 6% nondenaturing
acrylamide gel in 1x TBE buffer.

Chromatin immunoprecipitation (ChIP) assay
Chromatin from SW480 cells was fixed and immunoprecipitated using the ChIP assay kit
(Upstate Biotechnology, Lake Placid, NY). Sequences were identified for the human OPN
promoter and primers constructed: Primer 1 (nt −261 to nt −240)
AAGTGCTCTTCCTGGATGCTGA and Primer 2 (nt −8 to nt −29) AGCCCT
CCCAGAATTTAAATGC. Purified chromatin was immunoprecipitated using 10 μg of anti-
Sp1, 10 μg of anti-RNA Pol2 (Santa Cruz Biotechnology, Santa Cruz, CA) or 5 μl of rabbit
nonimmune serum; eluted DNA fragments were purified to serve as templates. The input
fraction corresponded to 0.1 and 0.05% of the chromatin solution before immunoprecipitation.
The average size of the sonicated DNA fragments subjected to immunoprecipitation was 500
bp as determined by ethidium bromide gel electrophoresis. PCR primers utilized for Sp1 ChIP
produced a 254 bp fragment.
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Adhesion assay
Adhesion assays were performed on 96-well microtiter plates coated with 10 μg/ml matrigel.
Cells were trypsinized and resuspended in DMEM with 1% bovine serum albumin, 1 mM
MgCl2, and 0.5 mM CaCl2 at a concentration of 1 × 106 cells/ml. 1 × 105 cells (100 μl) were
added into each well and placed for 30 min at 37 °C in 5% CO2 humidified air incubation.
Non-adherent cells were removed by gently washing the wells three times with phosphate-
buffered saline with 1 mM MgCl2 and 0.5 mM CaCl2. Adherent cells were fixed with 3.7%
paraformaldehyde for 10 min at room temperature, followed by rinsing with phosphate-
buffered saline, and stained with 0.4% crystal violet for 10 min. After extensive rinsing, the
dye was released from the cells by addition of 30% acetic acid, and the microtiter plates were
read in a microplate reader (Molecular Devices, Berkeley, CA) at 590 nm.

Migration and invasion assay
The migration and invasion assay were carried out in a Boyden Chamber system (Corning
Glass-works). Cells were seeded at a density of 105 cells per well in triplicate in the upper
chamber of 12-well transwells (8-μm pore). After being incubated at 37 °C with 5% CO2 for
24 h, the cells were fixed in 3.7% paraformaldehyde in phosphate-buffered saline for 10 min.
The cells on the top surface of the filters were wiped off with cotton swabs. After three washes
with phosphate-buffered saline, the filters were stained with 0.4% crystal violet for 10 min,
and the dye was detected as the in vitro adhesion assay procedure. Statistical analysis: All data
are presented as mean ± S.E. of three or four experiments. Analysis was performed using a
Student’s t test. Values of p < 0.05 were considered significant.

Results
Regulation of OPN promoter activation

SW480 expression of OPN was first verified by Western blot analysis of cell lysate and media
and Northern blot analysis of mRNA. (Figure 1a) OPN protein is readily detected in both cells
and in the surrounding media. Transient transfection analysis of OPN promoter constructs was
then performed. (Figure 1b) A significant step-off in activation was noted from OPN −80 and
OPN −108, suggesting that a key regulatory element may reside in this location.

Electrophoretic mobility shift assays were then performed using the 28 bp nucleotide sequence
as the target oligonucleotide. (Figure 2a) Our results demonstrate that SW480 nuclear protein
binds to this oligonucleotide; binding is ablated in the presence of excess unlabelled target
oligonucleotide. When an Sp1 consensus target oligonucleotide was initially utilized as the
nonspecific competitor, binding was again abolished; however, when unlabelled AP2 target
oligo was selected as an alternative nonspecific competitor, binding to the target
oligonucleotide was maintained. The target sequence was then subjected to analysis, and an
Sp1 binding was found: 5′-AGGTGGGCTGGGCAGTGGCAGAAAACCT-3′. When
unlabelled Sp1-Mutant oligonucleotide was added as a competitor, no alteration in binding
was noted. Confirmatory supershift studies using an Sp1 antibody were performed, and the
extent of binding to the target oligonucleotide was significantly diminished. Finally, ChIP
analysis also demonstrated in vivo Sp1 binding to this region of the SW480 promoter. (Figure
2b)

To determine the functional relevance of Sp1 to OPN expression in SW480 cells, RNAi was
used to knockdown Sp1 (si-Sp1) and in vitro adhesion, migration and invasion assays were
performed. (Figure 3) Sp1 and OPN protein expression were both significantly decreased
following siRNA treatment as determined by Western blot analysis. Thereafter, adhesion,
migration and invasion in si-Sp1 were decreased by 50%, 70% and 65% in comparison to
siRNA mismatch control (MM-Sp1) (p<0.01 for adhesion, migration and invasion) and wild-

Takami et al. Page 4

Surgery. Author manuscript; available in PMC 2008 August 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



type SW480 (p<0.01 for adhesion, migration and invasion), respectively. Exogenous addition
of OPN (50 μM) to si-Sp1 cells resulted in restoration of adhesion, migration and invasion
indices to levels equivalent to those of wild type SW480 cells. These results indicate that: 1)
Sp1 is a critical transcription factor for expression of OPN in SW480 colon cancer cells, and
2) Sp1-dependent OPN expression regulates in vitro adhesion, migration and invasion.

Discussion
Colorectal cancer remains a significant public health concern. Eighty percent of patients are
without distant metastases at the time of presentation and undergo potentially curative surgical
procedures; however, two-thirds experience either a locoregional or distance recurrence. The
liver is the most common site of the distant colorectal metastases and is involved in two-thirds
of those patients with metastatic disease. The majority of cancer deaths in patients with
colorectal cancer are directly related to the hepatic component of their disease.(9–11) Clearly,
locoregional therapies for cancer are effective only in the absence of metastasis.

Metastasis is defined as the formation of progressively growing secondary tumor foci at sites
discontinuous from the primary lesion. Tumor metastasis is the result of complex, cellular
cascades which control tumor cell invasion into local tissue, entry into the vascular or lymphatic
system, transport to and arrest within the microcirculation of distant organs, invasion through
basement membrane into stroma and proliferation at this secondary site. Critical cellular
mechanisms that facilitate several of these steps during metastatic transformation include (a)
tumor cell attachment to basement membrane through cell-surface adhesion molecules (b)
proteolytic degradation of the extracellular matrix (ECM) by tumor-derived proteinases and
(c) tumor cell migration through the ECM. The formation of clinically important metastases
depends upon the completion of every step of this cascade, the last of which is metastatic
colonization.(12–14) The molecular mechanisms which regulate the metastatic cascade in
various cancers remain largely undefined.

In this regard, a substantial body of data indicates that OPN plays a major regulatory role in
tumor metastasis. A correlation between high levels of OPN protein expression and malignant
invasion was established when OPN was demonstrated within tumor cells and in the
surrounding stroma of numerous human cancers.(1;15;16) Transcriptional regulation of OPN
expression in these settings has been the focus of much effort. The human, porcine and murine
OPN promoters show a diverse number of consensus regulatory sequences.(17–22) Potential
regulatory sequences in the human OPN promoter include TATA-like (−27 to −22 nt) and
CCAAT-like (−73 to −68 nt) sequences, vitamin-D-responsive (VDR)-like motifs (−1892 to
−1878 and −698 to −684 nt), GATA-1 (−851 to −847 nt), AP-1 binding sequence (TGACACA,
−78 to −72 nt), PEA3 (−1695 to −1690 and −1418 to −1413 nt), Ets-1 (−47 to −39 nt) and
multiple TCF-1 recognition sequences.

In the present study, we demonstrate an essential role for Sp1 in OPN gene transcription in
human SW480 colon cancer cells. Specificity protein 1 (Sp1) was the first transcription factor
identified and cloned, and shown to be a sequence-specific DNA-binding protein that activated
a broad and diverse spectrum of mammalian and viral genes.(23) Sp1 protein recognizes GC/
GT boxes and interacts with DNA through three C2H2-type zinc fingers located at the C-
terminal domain. Based on results of crystal structure and NMR studies, each of the three zinc
fingers in Sp1 recognizes three bases in one strand, and a single base in the complementary
strand of the GC-rich elements where the consensus Sp1 binding site is 5′-(G/T)GGGCGG(G/
A)(G/A)(C/T)-3′; Sp family proteins regulate expression of genes involved in multiple
functions in both normal and cancerous tissues. Genes that regulate growth and cell cycle
progression frequently contain proximal GC-rich promoter sequences, and their interactions
with Sp proteins and other transcription factors are critical for their expression. Cancer-related
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Sp targets include VEGF, TGF-β, cyclin D1, E2F1, c-fos, and transforming growth factor α.
Based upon our findings, OPN may be yet another Sp1 regulated protein relevant to the
metastatic biology of cancer. Clearly, these findings will need to be verified in other human
colon cancer cell lines and human colon cancers.
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Figure 1. OPN expression in SW480 colon cancer cells
Figure 1a. OPN protein and mRNA expression.
Western blot analysis was performed using cell lysate and concentrated culture media from
SW480 cells. Confirmation of OPN mRNA expression was determined using Northern blot
analysis. Blots are representative of three experiments.
Figure 1b. Transient transfection analysis of OPN promoter constructs.
5′-Deletion fragments of the human OPN promoter tested were: OPN −80 (nt −80 to nt +86),
OPN −108 (nt −108 to nt +86), OPN −135 (nt −135 to nt +86), OPN −174 (nt −174 to nt +86),
OPN −190 (nt −190 to nt +86), OPN −400 (nt −400 to nt +86), and OPN -Full (−2098 to +86).
Data are expressed as mean ± SEM of three experiments.
(* p<0.01 vs OPN −108, OPN −135, OPN −174, OPN −190, OPN −400, and OPN –Full)
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Figure 2. Sp1 binding to the OPN promoter
Figure 2a. Electrophoretic mobility shift assay.
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The target oligonucleotide (nt −108 to nt −80) was: 5′-AGGTGGGCTGGGCAG
TGGCAGAAAACCT-3′. In specific competition binding assays, unlabeled target
oligonucleotides or oligonucleotides containing a consensus Sp1 binding sequence was added
at 200 M excess. In nonspecific competition assays, unlabeled AP2 consensus oligonucleotide
was used. In Sp1-Mutant, 5′-AGGTGGGCTGGGCAGTGGCAGAAAACCT-3′ was mutated
to 5′-AGGCAAATCAAACAGTGGCAGAAAACCT-3′. Supershift assays were performed
by the addition of 1 and 2 μl of SP1(H-225): sc-14027 a rabbit polyclonal antibody. Blots are
representative of three experiments.
Figure 2b. Chromatin immunoprecipitation (ChIP) assay
Sequences were identified for the human OPN promoter and primers constructed: Primer 1 (nt
−261 to nt −240) AAGTGCTCTTCCTGGATGCTGA and Primer 2 (nt −8 to nt −29) AGCCCT
CCCAGAATTTAAATGC. Purified chromatin was immunoprecipitated using 10 μg of anti-
Sp1, 10 μg of anti-RNA Pol2 (Santa Cruz Biotechnology, Santa Cruz, CA), or 5 μl of rabbit
nonimmune serum; eluted DNA fragments were purified to serve as templates. The average
size of the sonicated DNA fragments subjected to immunoprecipitation was 500 bp as
determined by ethidium bromide gel electrophoresis. PCR primers utilized for Sp1 ChIP
produced a 254 bp fragment. Gels are representative of three experiments.

Takami et al. Page 11

Surgery. Author manuscript; available in PMC 2008 August 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Takami et al. Page 12

Surgery. Author manuscript; available in PMC 2008 August 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3. In vitro functional correlates of RNAi inhibition of Sp1 regulated OPN expression
Figure 3a. Sp1 and OPN protein expression following RNAi
Western blot analysis for Sp1 and OPN protein was performed using cell lysate from SW480
cells at 24 hours following siRNA treatment. Mismatch siRNA (MM-Sp1) served as a negative
control. Gel is representative of three experiments.
Figure 3b. Adhesion, migration and invasion
Adhesion, migration and invasion were determined as described in Methods. The absorbance
obtained for control and experimental groups were each divided by the absorbance obtained
for controls and expressed as an adhesion, migration or invasion index. In selected instances,
exogenous OPN (50 μM) was added to si-Sp1 cells. By definition, untreated SW480 controls
were assigned an index of 1. Data are expressed as mean ± SEM of three experiments.
(* p<0.01 vs Control, MM-Sp1 and OPN + si-Sp1)
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