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Abstract
Tissue factor/coagulation factor VII (fVII) complex formation on the surface of cancer cells plays
important roles in cancer biology such as cell migration and invasion, angiogenesis, and anti-
apoptotic effects. We recently found that various cancer cells ectopically synthesize fVII, resulting
in activation of cell motility and invasion. Here, we characterized mechanisms of hepatic and ectopic
fVII (FVII) gene expression to identify molecular targets enabling selective inhibition of the ectopic
expression. Unlike hepatic expression, HNF-4 binding to the promoter is not required for ectopic
FVII expression, although Sp1 binding is essential. Furthermore, we found novel nuclear targets of
basal hepatocytic and ectopic FVII expression. Notably, histone acetyltransferases p300 and CBP
are exclusively recruited to the promoter region of the FVII gene specifically in breast cancer cells.
We further show that curcumin, a dietary compound, can selectively inhibit ectopic fVII expression
by targeting p300/CBP activity. These results suggest a strategy to inhibit ectopic fVII-induced tumor
progression without impairment of the physiological hemostatic process.
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Introduction
Produced in the liver, blood coagulation factor VII (fVII) is a key component of the extrinsic
coagulation cascade(1). Tissue factor (TF) is an integral membrane protein widely expressed
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in normal and cancer cells, and it is the cellular receptor for fVII.(1) Upon formation of the
TF/fVII complex, fVII converts to the active form of fVII (fVIIa) and initiates the downstream
coagulation cascade. The TF/fVIIa complex forms because of the presence of fVII in exudated
blood plasma, and it has been shown to stimulate many aspects of cancer progression, including
cell growth,(2) motility,(3,4) invasion,(3,5) angiogenesis,(6) and anti-apoptotic effects(7,8) via
activation of the coagulation cascade and/or protease-activated receptors. Thus the TF-fVIIa
pathway is an attractive target for cancer therapy, but concerns remain that blockade of this
pathway may also impair normal hemostasis and therefore cause bleeding.(2)

We recently reported that various nonhepatic cancer cells ectopically express the FVII gene
and that inhibition of the TF/fVII complex on the cell surface reduces cell motility and invasion.
(9) We further showed that the ectopic expression is prominent in breast cancer cell lines. (9)
Regarding molecular mechanisms, previous in vitro analyses have revealed that the
transcription factors hepatocyte nuclear factor-4 (HNF-4) and Sp1 play crucial roles in
hepatocytic expression of the human FVII gene(10-12); however, the regulators involved in
ectopic FVII expression have not been defined. Determination of the molecular mechanisms
of ectopic FVII expression may yield a method to block ectopic fVII synthesis selectively in
cancer cells without loss of fVII synthesis by the liver. In the present study, we investigated
hepatocytic and ectopic fVII expression in breast cancer cells to evaluate the epigenetic
mechanisms on expression. We found that in cancer cells, unlike hepatocytes, HNF-4 is
dispensable for FVII expression. p300 and CBP are selectively recruited to the active FVII
promoter in breast cancer cells, but in hepatocytes, recruited HATs were heterogeneous.
Furthermore, we show that HAT recruitment can be targeted for specific inhibition of ectopic
fVII synthesis.

Results
HNF-4 is not required for ectopic FVII gene expression

To elucidate the mechanism of ectopic fVII expression in breast cancer cells, we used various
cell lines with different FVII gene expression levels. YMB-1 and MDA-MB-453 (hereafter
453) cells were breast cancer cells with high FVII expression levels. T98G, MDA-MB-231
(hereafter 231), and OVSAYO cells are glioblastoma, breast cancer, and ovarian cancer cells,
respectively, with very low FVII expression. Hepatoma cell lines, HepG2 and HUH6 clone 5
(hereafter HUH), as well as primary cultures of human hepatocytes (hNHeps) were used as
controls for expression of FVII in liver cells.

We first performed nucleotide sequencing and quantitative real-time PCR of the FVII 5’ region
in tumor cells. This region was not mutated or amplified in the high fVII-expressing YMB-1
cells (data not shown). We next tested whether HNF-4 is expressed in cancer cells that
ectopically express the FVII gene. Western blotting showed that, in contrast to HepG2 (9),
YMB-1, 453, OVSAYO, and T98G cells did not express HNF-4 (Fig. 1A). Chromatin
immunoprecipitaton (ChIP) analysis revealed that, unlike HepG2 and HUH, the FVII promoter
region was not occupied by HNF-4 in YMB-1 cells (Fig. 1B), excluding the possibility that
trace HNF-4 bound to the promoter and caused ectopic fVII expression.

The HNF-4 binding site is dispensable, and the Sp1 binding site is essential for ectopic FVII
gene expression

To determine the regulatory regions responsible for ectopic FVII expression, we next
performed luciferase reporter gene assays. A FVII promoter fragment (Fig. 1C, −400/+1)
derived from MCAS cells(9), in which FVII is not expressed and site-directed mutants were
fused to the pGL4.10 vector (Fig. 1C). Constructs were transfected into various cancer cells
with different endogenous FVII expression levels. Luciferase activities in nonhepatic cell
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extracts were compared with those in a positive control cell line, HepG2.(10,11) The promoter
activity of construct −400/+1 in HepG2 cells was set to 100% (10,11), and activities of YMB-1
and 453 cells were approximately 90% and 50%, respectively, of HepG2 cells (Fig. 1D). The
relative levels of promoter activities were comparable to endogenous fVII mRNA levels in
these cells (data not shown), suggesting that the −400/+1 region contains all necessary promoter
elements to study ectopic fVII transcription. Promoter activities in very low fVII-expressing
cells were less than 5% of the activity in HepG2 cells (Fig. 1D). Truncated reporter construct
−400/-212 or −400/-111, which lacked Sp1 and HNF-4 binding sites, showed reduced promoter
activities in HepG2, YMB-1, and 453 cells (Fig. 1D), indicating contributions of the deleted
regions to fVII transcriptional activation. Experiments with constructs −111/-83 or −114/
+1Δ, which lacked or were mutated in the HNF-4 site, revealed that luciferase activities were
decreased in HepG2 and HUH cells (75% and 87% decreases, respectively) (Fig. 1D) compared
with the −114/+1 construct, confirming that HNF-4 binding is critical for hepatocytic fVII
expression. In contrast, experiments with these constructs revealed that absence of the HNF-4
binding site slightly (10% decrease) and moderately (35% decrease) impair promoter activities
compared with the −114/+1 construct in YMB-1 and 453 cells, respectvely (Fig. 1D),
suggesting that the HNF-4 binding site was largely dispensable for ectopic FVII expression
and that the Sp1 site was sufficient to induce ectopic FVII activation. This conclusion was also
supported by data showing that deletion of the Sp1 site in the −84/+1 construct significantly
diminished promoter activities in the YMB-1 and 453 cells (Fig. 1C, D).

Sp1, Egr-1, USF, and CREB bind to the active FVII gene promoter chromatin
Reporter gene analysis revealed that transcription factors other than Sp1 may be involved in
ectopic FVII gene regulation. Thus, we next investigated additional transcription factors
associated with structurally active FVII promoter. We used TFSEARCH
(http://www.cbrc.jp/research/db/TFSEARCHJ.html), which is based on the TRANSFAC
database, to predict novel transcription factor binding sites at a threshold score of 80 and found
some within the 5’-region investigated by the reporter assay. USF, known to share binding
sites with c-Myc, (13) was predicted to bind regions (Fig. 2A). Additional Sp1 and HNF-4
binding sites were also predicted within these regions (Fig. 2A). Egr-1 overlaps with the GC-
rich elements of Sp1 binding sites (14) found in the FVII promoter region. CREB, which is
activated in response to increased cyclic AMP concentrations and binds to CRE elements,
(15) was also predicted to bind (Fig. 2A).

Western blotting analysis showed that the cellular content of these transcription factors was
comparable in the cell lines tested (Fig 2B). ChIP analysis revealed that Sp1, Egr-1, and CREB
bound to the FVII promoter in HepG2 and YMB-1 cells, whereas these factors were found
associated only at low levels with the FVII promoter in OVSAYO and T98G cells (Fig 2C).
We did not detect significant c-Myc binding to the FVII promoter, although the positive control
experiment showed that c-Myc binds to the VEGF promoter region in OVSAYO cells (Fig.
S1). A similar binding pattern of these transcription factors was observed in hnHeps (Fig. 2C).
siRNA transfection followed by quantitative RT-PCR and immunoblotting analyses revealed
that Egr-1 and USF-1 could downregulate and CREB could upregulate ectopic and hepatocytic
FVII expressions (Fig. S2).

We further tested expression of estrogen receptor α (ERα) and progesterone receptor (PR) in
breast cancer cells because these receptors activate some gene promoters. (16,17) Western
blotting analysis showed that these receptors were not detected in the tested cells (Fig. S1).
HIF-2α (HIF2), which associates with ectopic FVII induction during hypoxia, (9) was not
expressed in YMB-1 cells under normoxia (Fig. S1).
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Recruitment of heterogeneous histone acetyltransferases to the acetylated FVII promoter
chromatin

Our data indicate that transcription factors described above are shared between hepatic and
breast cancer cells and, therefore, cannot be targeted for selective inhibition of ectopic FVII
expression. Histone acetylation within a gene promoter is an important step for activating
transcription (18) by providing open chromatin structure accessible for transcription factors.
We next tested the acetylation status of histone H4 in the FVII gene promoter region. ChIP
analysis using an anti-histone H4 antibody revealed that histone H4 was highly acetylated in
HepG2, YMB-1, and 453 cells but was poorly acetylated in low fVII-expressing OVSAYO
and T98G cells (Fig 3A), consistent with the binding pattern of transcription factors (Fig. 2C).

HNF-4 directly interacts with the coactivator HATs, p300/CBP (19,20), and/or SRC-1 (19,
20), resulting in the formation of open chromatin structure with acetylated histones to make the
promoter region accessible to other transactivators. In addition, another HAT, p300/CBP-
associated factor (PCAF) was also reported to be involved in the activation of HNF-4
responsive genes (21); however, the manner in which HATs associate with a specific gene
promoter is poorly understood. Thus we next investigated whether p300, CBP, SRC-1, and
PCAF associated with hepatic or ectopically activated FVII promoters. ChIP analysis revealed
that PCAF and SRC-1 associate with the FVII promoter in HepG2 cells, although p300 and
CBP did not bind (Fig. 3B). On the other hand, p300 and PCAF were recruited to the promoter
region in HUH cells (Fig. 4B). All the HATs tested were recruited to the FVII promoter of
hNHeps. These results demonstrate that the FVII promoter is differentially targeted by multiple
HAT activities depending on the cell type. In the case of YMB-1 and 453 cells, only p300 and
CBP associated with the FVII promoter region (Fig. 3B). Western blotting indicated that breast
cancer cells do not express PCAF (Fig. 4C). On the other hand, SRC-1 was expressed, but it
did not associate with the FVII promoter in breast cancer cells (Fig. 3C). Furthermore, ectopic
FVII expression was not the result of overexpression of p300 and CBP because western blotting
showed that the cellular content of these HATs in cancer cells did not correlate with FVII
expression level (Fig. 3D).

Selective inhibition of ectopic fVII synthesis by targeting p300/CBP activity
Given that the ectopically activated FVII promoter was devoid of PCAF and SRC-1, inhibiting
p300/CBP activity was predicted to suppress ectopic FVII expression possibly without
reducing fVII production in hepatocytes, which recruit alternative factors to the FVII promoter.
Among reported natural HAT inhibitors (22,23), only curcumin exhibits a p300/CBP-selective
inhibitory effect (23). Thus, we next tested whether curcumin could inhibit ectopic FVII
expression, while not affecting hepatic synthesis. HepG2, HUH, and YMB-1 cells were
cultured with 2.5 or 10 μM of curcumin for 24 h, then total RNA was extracted. We confirmed
that these concentrations were nontoxic to all cell types used in this experiment by determining
the number of viable cells using trypan-blue exclusion (data not shown) and cell proliferation
analyses (Fig. S3). Quantitative RT-PCR analysis revealed that, as expected, the fVII mRNA
level was unchanged in HepG2 cells (Fig. 4A). The mRNA level in HUH cells was moderately
(less than 40%) decreased when cells were treated with 10-μM curcumin. In contrast, the
mRNA level was diminished in a dose-dependent manner in YMB-1 cells, and the decrease
was more than 70% when cells were treated with 10-μM curcumin (Fig. 4A). On the other
hand, experiments using the same concentrations of anacardic acid (22), a natural p300 and
PCAF inhibitor, did not selectively inhibit ectopic FVII expression (Fig. 4A). We confirmed
that, as previously reported (24,25), curcumin did not significantly influence basal TF mRNA
level in cancer cells (Fig. 4A).

To elucidate the inhibitory mechanism of curcumin, we next examined the effect of curcumin
on the promoter occupancy of HATs in cancer cells. ChIP analysis with cells treated with 10-
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μM curcumin for 24 h revealed that binding of p300 and CBP was decreased in YMB-1 cells,
whereas PCAF and SRC-1 occupancies were unchanged in HepG2 cells (Fig. 4B). In addition,
the impairment of promoter binding in YMB-1 cells was preferential for p300 rather than CBP.
Total protein levels of p300 and CBP were unchanged when cells were treated with curcumin
(Fig. 4C). Thus, curcumin reduced promoter occupancy by these factors. As expected, the
promoter occupancy by HATs was less compromised in HUH cells by curcumin treatment
(Fig. 4B). ChIP analysis revealed that the acetylation level of histone H4 in the FVII promoter
was reduced after curcumin treatment in YMB-1 cells, whereas they were unchanged in HepG2
cells (Fig. 4D), suggesting that inhibition of p300/CBP-mediated histone acetylation
contributed to repression of ectopic fVII expression. In addition, RT-PCR analysis revealed
that treatment with 500 nM trichostatin (a natural histone deacetylase inhibitor) in T98G and
OVSAYO cells resulted in an increase in fVII mRNA level (Fig. S3), consistent with the
concept that histone deacetylation is an important mechanism for maintaining very low FVII
expression in nonhepatic cells.

Furthermore, we examined whether curcumin inhibited ectopic fVII synthesis at the protein
level in cancer cells without impairments of fVII production from hepatocytes. HepG2 and
HUH cells were cultured with or without 10 μM of curcumin for 24 h. The amount of fVII
secreted in cell-culture media was determined by commercially available fVII detection system
(Fig. 5A). The fVII secretion from HepG2 cells was unchanged after curcumin treatment (Fig.
5A). fVII production from HUH cells was reduced ca. 20% (79±7.6% relative to vehicle-treated
cells), consistent with mRNA levels (Fig. 4A & 5A). Unexpectedly, unlike HepG2 cell, YMB-1
cells did not secrete fVII in cell-culture media (Fig. 5B). However, western blot analysis
revealed that fVII is detectable in YMB-1 cell lysate, suggesting that ectopically synthesized
fVII functions in an autocrine manner. The expression level was decreased by 10-μM-curcumin
treatment (Fig. 5B). Furthermore, based on the fXa generation assay, ectopic fVII synthesis
(fVII present at exterior cell membrane) was diminished ca. 60% (43±1.6% relative to vehicle-
treated cells) when YMB-1 cells were cultured with 10-μM curcumin for 24 h (Fig. 5C).

Ectopic expression of fVII in breast cancer tissues
In addition to ectopic synthesis by tumor cells, fVII may accumulate in the tumor stroma
because of extravasation from hyperpermeable vessels (26) or synthesis by macrophages (27,
28). fVII transcripts in breast cancer tissues were determined by quantitative RT-PCR analysis
using total RNA extracted from 30 Formalin-fixed, paraffin-embedded (FFPE) primary breast
cancer specimens. Forty-seven percent (14 of 30 samples) ectopically expressed fVII mRNA
(Fig. 6A). Expression levels in breast cancer tissues were comparable or even higher than those
of normal liver. The normal breast tissue examined contained a barely detectable amount of
fVII mRNA. Immunohistochemical analyses confirmed fVII protein synthesis in breast cancer
tissues, specifically in the tumors cells but not in adjacent noncancerous areas of the mammary
glands (Fig. 6B). These data demonstrate that ectopic fVII expression is common in breast
cancer tissues.

HATs associated with FVII promoter in normal hepatic and breast cancer tissues
To examine the binding pattern of HATs in vivo, we last performed ChIP using surgically
removed tissue samples. ChIP analysis revealed that p300 and CBP bind to the FVII promoter
in fVII expressing but not in nonexpressing breast cancer tissues (Fig. 6C). Experiments using
mouse xenograft samples of YMB-1 and 453 cells showed that binding pattern of HATs
observed in these cells in vitro was conserved in vivo (Fig. 6C). In normal hepatic tissue, we
found that PCAF preferentially binds to the FVII promoter as in the case of cultured hepatocytes
(Fig. 3B and 6C).
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Discussion
In the present study, we demonstrate that the FVII promoter is epigenetically activated without
HNF-4 binding in breast cancer cells, whereas Sp1 binding is essential for both hepatic and
cancer cell expression. The mechanism described here is different from the previously
identified pathway of hypoxia-inducible fVII expression in ovarian cancer, which involved
HIF2-mediated transcriptional activation. Indeed, we did not find evidence that hypoxia
induces ectopic fVII synthesis in a limited number of breast cancer cell lines (Fig. S4),
indicating cancer-type-specific mechanisms for the induction of fVII expression.

Our ChIP analyses revealed that, in addition to previously identified transcription factor
binding, Egr-1, USF-1, and CREB are components of hepatic and ectopically activated FVII
promoter chromatin. We showed that the FVII gene is negatively regulated by these
transcription factors. Consequently, we suggest that Sp1, Egr-1, USF, and CREB are recruited
to active chromatin and regulate hepatic and ectopic FVII gene expression to maintain proper
steady-state levels of transcripts.

HNF-4 activates target-gene promoters in cooperation with p300, CBP, and/or SRC-1 (19).
Our experiments showed that several HATs are recruited to the FVII gene promoter (p300,
CBP, and SRC-1), with some variations depending on the hepatocyte cell line studied. In
contrast, PCAF was found invariably with the FVII promoter in all tested hepatocytes. In
ectopically fVII-synthesizing cells, p300 and CBP were predominantly recruited to the FVII
promoter region, and an activating transcription factor must replace HNF-4. An Sp1 element
is crucial for ectopic FVII expression, and we consider it likely that Sp1 is the crucial
transactivator, based on several reports demonstrating promoter activation through interaction
between Sp1 and p300 (29-31).

Curcumin is a dietary compound, and its application to cancer therapy based on its
antiproliferative- and apoptosis-inducing effects has been widely studied (32). Our data
demonstrate that curcumin-sensitive p300/CBP-specific activity selectively suppresses ectopic
fVII expression. Our data indicate that p300/CBP stimulate ectopic transcription, at least in
part, by histone acetylation. Curcumin selectively reduced ectopic fVII synthesis, but not
hepatic FVII expression that is supported by heterogeneous HAT recruitment. This concept
may be generally true for breast cancer cells because fVII transcription was also suppressed in
453 cells via p300 inhibition by curcumin (Fig. S5). These data provide new evidence that the
repertoire of cell-type-specific HAT recruitment can be exploited as strategy for selective
transcriptional repression.

Recent advances suggest that HATs could be an attractive target for treating cancer (33-35). In
addition, curcumin inhibits various chromatin components and reduces TF induction via
inhibition of transcription factors NF-κB, AP-1, and Egr-1, potentially resulting in anti-tumor
effects (24,25). In fact, recent preclinical trials have revealed that curcumin analogs effectively
suppress human breast tumor growth(36,37). Because we previously demonstrated that ectopic
fVII synthesis activates motility and invasion of cancer cells (9) and because TF-fVIIa-PAR2
signaling is essential for breast cancer growth (2) and development (38), we suggest that
reduction of constitutive ectopic fVII synthesis through inhibition of p300/CBP activity may
add a new approach to the growing list of anti-cancer strategies. Further studies of clinical
association of ectopic fVII expression and animal studies with fVII-expressing breast cancer
cells will provide answers to this issue.
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Materials and methods
Cells, tissue specimens, RNA, and cell culture

Most human cancer cell lines were as previously described.(9) The MDA-MB-231 cell line
was obtained from the Japanese Collection of Research Bioresources (Osaka, Japan). hNHeps-
Human hepatocytes were obtained from Lonza (Walkersville, MD, USA). Total RNA from
normal human tissues was obtained from Ambion (Austin, TX, USA). All cells were cultured
as previously described.(9) Total RNAs from formalin-fixed, paraffin-embedded (FFPE)
specimens of 30 breast cancer tissues and 2 normal liver tissues were extracted with RecoverAll
Nucleic Acid Isolation Kit (Ambion). FFPE tissues from surgically removed specimens were
all prepared from patients of the Kanagawa Cancer Center Hospital under written agreements
in the study, which was approved by the institutional review board.

Immunohistochemistry
Immunohistochemistry for fVII on FFPE tissue sections using 5 μg/ml of anti-VII polyclonal
rabbit antibody(26) was generally done as previously described.(26) To demonstrate the
specificity of the staining, a control immunohistochemistry was also done with 5 μg/ml of
purified fVII antigen added to the antibody solution.

Quantitative RT-PCR analysis
We determined fVII and TF mRNA levels by RT-PCR as previously described.(9) As an
internal standard, the expression level of 18S ribosomal RNA was determined using One Step
SYBR RT-PCR Kit (Takara, Tokyo, Japan) and QuantiTect Primer Assay (Qiagen, Valencia,
CA, USA). TF expression was determined with the oligomers described in “Supplemental
Materials.”

Plasmid construction and luciferase reporter gene assay
A PCR-amplified fragment of the FVII 5’ region and its deletion mutants were inserted into
pGL4.10 (Promega, Madison, WI, USA) at the NheI/HindIII site. PCR was performed with
genomic DNA of MCAS cells.(9) A mutant construct without the minimal HNF-4 binding site
was prepared using the QuikChange Site-directed Mutagenesis Kit (Stratagene, La Jolla, CA,
USA). Luciferase assays were performed using the Dual-luciferase Reporter Assay System
(Promega). The pRL-TK vector (Promega) was co-transfected to correct variations in
transfection efficiency. Luciferase activities were measured using a Wallac 1420 ARVO MX
(PerkinElmer, Turku, Finland).

Western blot analysis
We performed western blotting as previously described(9). Primary antibodies used are
described in “Supplemental Materials”.

Chromatin immunoprecipitation analysis
Chromatin immunoprecipitation (ChIP) analyses were performed as previously described.(9)
In the case of experiments with surgically removed human tissues or xenograft tumor samples,
tissues were homogenized to give very small pieces, then subjected to formalin fixation as in
the case of cultured cells. We used the antibodies described in the “Western blot analysis”
section. The antibody for acetyl-histone H4 (06-866) was obtained from Upstate
Biotechnology. ChIP data were also quantitatively estimated by real-time PCR as described in
the “Quantitative RT-PCR analysis” section. The primers and probes used are described in
“Supplemental Materials.”
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Formation of tumors in immunodeficient mice
Animal experiments were performed under approved protocols of the institutional animal use
and care committee. YMB-1 or MDA-MB-453 cells (106 cells/50 μl PBS) were injected into
the mammary fat pad of 6-week-old female SCID mice (Charles River Japan, Inc., Yokohama,
Japan). After 12 weeks, mice were sacrificed, and tumors were excised.

Treatment of cells with HAT and histone deacetylase inhibitors
Cells (6 × 105 cells), initially cultured for 16 h in 60-mm dishes, were treated with curcumin
(Sigma), anacardic acid (Calbiochem, San Diego, CA, USA), or trichostatin (Wako, Tokyo,
Japan) dissolved in ethanol as a concentrated stock solution. Cells were also mock-treated with
an identical volume of ethanol for comparison.

fXa generation assay
The fXa generation assay was performed as previously described.(9)

Determination of fVII concentrations in cell-culture supernatants secreted from hepatic
cancer cells

The fVII concentrations in cell-culture medium were determined using an AssaySense Human
Factor VII Chromogenic Activity Assay Kit (Assay Pro, St. Charles, MO, USA). Briefly, 6.5
× 104 cells/333 μl medium were seeded in each well of a 24-well plate then cultured for 14 h.
Curcumin or an identical volume of vehicle was added to the cells and further cultured for 24
h. fVII in cell-culture supernatant was captured by a monoclonal anti-human fVII antibody
immobilized onto a microplate. fVII captured by antibody against human fVII was converted
to its active form by TF treatment then subjected to determination of fXa generating activity.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Ectopic activation of FVII promoter does not require HNF-4 binding in cancer cells
(A) Western blot analysis of HNF-4 expression in cancer cells. β-actin was also examined as
the protein-loading control. (B) ChIP analysis of HNF-4 binding in cancer cells. The black bar
shows a PCR-amplified region within the FVII 5’ promoter. Hatched and open circles are
indicative of previously identified Sp1 and HNF-4 binding sites, respectively. A bent arrow is
indicative of the position of the major transcription start site identified in a hepatocyte.(10) I
designates an input PCR control using DNA prepared from sonicated chromatin without
immunoprecipitation. (C) Luciferase constructs used for the deletion analysis of FVII-promoter
activity in cancer cells. Hatched and open circles are indicative of Sp1 and HNF-4 binding
sites, respectively. An open triangle designates a minimum 6 base pairs (ACTTTG)(10) deletion
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from the HNF-4 binding site. A bent arrow is indicative of the major transcription start site.
(10) Numbering is from the translation start site. (D) The relative promoter activities of deletion
constructs at 24 h post-transfection are shown for each cell line as percentages of the −400/+1
construct in HepG2 cells. Cancer cells were co-transfected with a control vector expressing
Renilla luciferase to correct variations in transfection efficiency in each experiment.
Columns, mean (three independent experiments (hereafter n = 3)); Bars, SD. *P < 0.05.
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Figure 2. Sp1, Egr-1, USF-1, and CREB associate with the FVII promoter chromatin
(A) The putative binding sites for transcription factors harbored in the proximal FVII promoter.
Circles and a bent arrow are previously identified Sp1 and HNF-4 binding sites and
transcription start site, respectively. (B) Western blot analysis of transcription factors that were
suspected to regulate FVII gene expression in cancer cells. β-actin level was also examined as
the protein-loading control. (C) ChIP analysis of transcription factors. ChIP was performed for
the FVII promoter in cancer cells using normal rabbit IgG or polyclonal antibody of each
transcription factor. PCR primers used were as described in Fig. 1. Data were also quantitatively
estimated by qPCR. Fold enrichment of immunoprecipitated template DNA for each
transcription factor against background (templates precipitated with IgG) is shown for each
cell line. Columns, mean; Bars, SD (n = 3).
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Figure 3. Histone acetylation and histone acetyltransferases recruited to the FVII promoter in
hepatocytes and breast cancer cells
(A) ChIP analysis of histone H4 acetylation in the FVII 5’ region in cancer cells. (B) ChIP
analysis of HATs associated with the FVII promoter in cancer cells. (C) Western blotting
analysis of PCAF and SRC-1 expression in cancer cells. (D) Western blotting analysis of p300
and CBP expression in FVII-expressing and nonexpressing cancer cells.
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Figure 4. Selective inhibition of ectopic FVII gene expression by curcumin
(A) Effect of HAT inhibitors on fVII mRNA expression level in cancer cells. Cancer cells were
cultured with or without HAT inhibitors (curcumin or anacardic acid) for 24 h, then mRNA
levels (fVII and TF) were analyzed by real-time PCR. fVII mRNA expression was normalized
to the 18S ribosomal RNA level. (B) Effect of curcumin on FVII promoter occupancy by HATs
in cancer cells. Quantitative ChIP analysis was performed as previously described. Relative
level of occupancy is shown for each cell line as percentages of the curcumin (-) experiment.
Columns, mean; Bars, SD (n = 3). (C) Western blot analysis of p300 and CBP in cell lysate of
YMB-1 cells cultured with or without curcumin. Relative band intensities were
densitometrically determined using ImageJ software (http://rsb.info.nih.gov/ij/). (D)
Quantitative ChIP analysis of acetylation level of histone H4 in the FVII promoter in cancer
cells cultured in the presence or absence of curcumin. Relative level of H4 acetylation is shown
for each cell line as percentages of the curcumin (-) experiment. Columns, mean; Bars, SD (n
= 3).
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Figure 5. Curcumin inhibits ectopic fVII production at the protein level
(A) fVII secreted in cell-culture supernatant from hepatic cancer cells cultured with or without
curcumin was measured by a chromogenic activity assay based on fXa generation activity.
Columns, mean; Bars, SD (n = 3). (B) Unlike hepatic cell, ectopically produced fVII is not
secreted in cell-culture media (upper). Conditioned media for each cell-type (2 × 106 cells)
were prepared for immunoblotting. Detection of ectopically expressed fVII in whole cell lysate
of YMB-1 cells and its inhibition by curcumin (lower). (C) A procoagulant activity on YMB-1
cells cultured in the presence or absence of curcumin was measured by fXa generation assay.
Columns, mean; Bars, SD (n = 3). **P < 0.005 different from secreted fVII level from HUH
cells (*).
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Figure 6. Detection of ectopic fVII expression from surgical specimens of primary breast cancer
tissues
(A) Detection of fVII mRNA from FFPE breast cancer tissues by qRT-PCR analysis. Data
were normalized as previously described. NBT, NLT, and HCT are indicative of normal breast,
normal liver tissues, and the non-neoplastic part of FFPE hepatectomy-specimens,
respectively. (B) Immunohistochemistry of fVII. From a representative case (corresponds to
case no. 2 of solid-tubular carcinomas), hematoxylin-eosin staining (a) and immunostainings
with anti-fVII were presented. Cancer cells stained with anti-fVII (b), but noncancerous
mammary glands on the same section showed no signal (c). To demonstrate specificity of the
antibody, the antibody was preincubated with fVII, and these controls showed a marked
reduction in signal on cancer cells (d). Scale bars, 100 μm. (C) ChIP analysis of HATs binding
to FVII promoter in tissue samples. X is indicative of xenograft sample.
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