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Chapter 1

Down-regulation of Heparin-Binding Protein 17/Fibroblast Growth Factor-Binding
Protein 1 (HBp17/FGFBP-1) by 10,25(OH),D; Inhibits FGF-2 Activity in Oral Squamous

Cell Cancer Cell Lines



1.0 ABSTRACT

Heparin-Binding Protein 17/Fibroblast Growth Factor-Binding Protein-1 (HBp17/FGFBP-1,
GenBank accession no. NP-005121) is prominent for its role as the chaperone for Fibroblast
Growth Factor-2 (FGF-2). Together, they play a crucial role in angiogenesis as well as
promoting tumor growth. HBp17/FGFBP-1 has also been proposed to be used as a candidate
biomarker for a number of cancers for they are frequently found to be elevated in many cancer
types including in the tissue and cell lines of oral squamous cell carcinoma (OSCC). In this
present study, we utilized the renowned anti-cancer agent, i.e. 1a,25(OH),Ds, to suppress the
HBp17/FGFBP-1 expression in OSCC. To date, there are no reports on the probable
susceptibility of the HBp17/FGFBP-1 expression in OSCC by 1a,25(0OH),D;. In this present
study, we demonstrated that the treatment of OSCC cells with 10,25(OH),D3 (40nM) suppressed
HBpl17/FGFBP-1 expression, and reducing the FGF-2 bio-activation measured in conditioned
media. Inhibition of the HBpl17/FGFBP-1 expression was analyzed by quantitative RT-PCR,
western blotting, immunofluorescence, and enzyme-linked immunosorbent assay (ELISA). In
order to understand the involved molecular mechanisms, the effect of 1a,25(OH),D; on Vitamin
D Receptor (VDR) RNAi-transfected UE cells (siVDR) was investigated. Knocking down of the
VDR in the reaction has caused all the above reaction to cease. This result suggests that the
suppression of HBp17/FGFBP-1 and FGF-2 by 10,25(0OH),D; was a VDR-mediated event. In
summary, the ability of 1a,25(OH),D; to suppress the expression of HBp17/FGFBP-1 and FGF-2

via VDR represents a novel anti-cancer mechanism of this property.



Keywords: 1a,25(OH),Ds; Vitamin D receptor; HBpl17/FGFBP-1; NF-xB; IkBa; Oral

squamous cell carcinoma



2.0 INTRODUCTION

Heparin-Binding Protein (HBpl17), with a molecular mass of 17kDa, was originally
purified from the culture media conditioned by A431 human epidermoid carcinoma cells, with
no homology with any known protein at that time [1]. HBp17, also known as Fibroblast Growth
Factor-Binding Protein-1 (FGFBP-1), is highly tissue specific and strictly regulated through
different promoter elements [2]. It binds to Fibroblast Growth Factors-1 and -2 (FGF-1 and
FGF-2) in non-covalent and reversible manner to facilitate their release from the extracellular
matrix (ECM) [3-6]. This reaction served as an alternative mode of delivering activated FGFs
from an extracellular storage site to its receptor while protecting them from degradation [1]. This
event contributes to cell migration, proliferation and differentiation, mechanisms important
during embryogenesis, wound healing as well as angiogenesis [6-8]. Therefore, HBp17/FGFBP-
1 is frequently found up-regulated in several tumors including squamous cell carcinomas (SCC)
[1, 9]. In carcinogenesis, HBpl17/FGFBP-1 acts as the paracrine factor where it causes
mobilization of FGF-2 [1]. In fact, HBp17/FGFBP-1 was found to be associated with FGF-2
when it was first purified in 1991 [1]. Furthermore, this molecule was noted to be associated with
the early stages of tumor formation in which angiogenesis plays a critical role [10, 11]. Since
then, this molecule was speculated to be a potential rate-limiting factor in tumor growth [8].
Besides, HBp17/FGFBP-1 has been described to have an aberrant expression in a number of
cancers [3, 10, 12-14] and therefore, proposed to be used in the diagnostic screening for the early

detection of cancer [12, 14].

Fibroblast Growth Factors (FGFs) consist of broad spectrum mitogens having more than

50% homology in amino acid sequences across species [15]. FGF-2, one of the 22 distinct FGFs
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to date, could be found in four different polypeptides ranging from 18kDa to 24kDa (subject to
translation) [16], all without a signal sequence for secretion. They are found to be tightly bound
to heparan sulfate proteoglycans (HSPG) and only bio-activated when freely soluble [1]. For
activation, they have to be transported to the surrounding ECM via three proposed mechanisms;
i.e., through heparan sulfate proteoglycan digestion by either proteases (i) or heparanases (ii), or
through a carrier protein (secreted HBp17/FGFBP-1) (iii) [17, 18]. Once released, FGF-2 could
stimulate angiogenesis [6], wound healing and tissue development [19]. Basically, it acted as an
autocrine growth factor on the tumor cell itself, and at the same time, promoting angiogenesis in
the surrounding stroma [20]. Overexpression of FGF-2 has been associated with the pathogenesis
of cancer [21-23], thus recently, FGF-2 was reported to be a possible salivary biomarker for oral

squamous cell carcinoma (OSCC) patients [24].

Several publications have reported the positive modulation of HBp17/FGFBP-1 on FGF-
2 [3, 4, 6]. Basically, FGF-2’s fate is dependent (at least partly) on the HBp17/FGFBP-1 as a
releasing agent from ECM storage where FGF-2 is usually kept latent. Therefore, it is apparent
that the expression of HBp17/FGFBP-1 and FGF-2 would be proportional to each other. Taking
this into account, we proposed the possibility to suppress the FGF-2 expression in cancer cells by
governing the expression of its carrier; i.e., HBpl7/FGFBP-1. So far, other than ribozyme
targeting [3, 25], the retinoid was one of the well-studied properties proven to have the ability to
down-regulate the HBp17/FGFBP-1 gene expression by post-transcriptional and transcriptional

mechanisms [26].

la,25-Dihydroxyvitamin D3 (1a,25(OH),Ds3) is a multifunctional hormone renowned for
its role in regulating calcium and skeletal homeostasis [27]. Since 1980, the potential of this

compound has been expanded and recognized as an anti-cancer agent. For example,
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1a,25(OH),Ds has appeared to induce the differentiation and inhibiting proliferation,
invasiveness, and metastatic potential of cancer cells [28, 29]. Subsequently, 10a,25(OH),Ds has
been proven to be effective in the therapy of several cancers in conjunction with other
conventional therapies [30]. Among the many molecular pathways that have emerged for its anti-
cancer activities [31], the inhibition of the NF-kB activation and signaling [32] has captured our
attention. To the best of our knowledge, there has been no research discussing the possible effect
of 1a,25(OH);D; on the expression of HBp17/FGFBP-1 and FGF-2 which are often found

overexpressed in cancer cells.

Most functions of 1a,25(OH),Ds in cells are mediated by the Vitamin D Receptor (VDR)
[33]. The interaction between these two molecules is well-known to provide protection from
sporadic malignancies [34]. The anti-proliferative effects of 1a,25(OH),D; and VDR have been
demonstrated in a wide variety of cancer cell lines, but to date, none in oral squamous cell
carcinomas (OSCC). Therefore, our study focuses on the possibility of 10,25(OH),Ds
suppressing the readily elevated expression of HBp17/FGFBP-1 and FGF-2 in OSCC cell lines
and discuss the possibility of 10,25(OH),Ds in anti-tumor therapy targeting both of these
molecules. In the first part of our study, we reported the efficacy of 10,25(OH),Ds to suppress
the HBp17/FGFBP-1 gene expression in OSCC cell lines. In addition, we proved that the
suppression of HBpl7/FGFBP-1 occurred via the NF-kB pathway and VDR appeared to
facilitate the reaction [35]. In this present study, we report the impact on the biological role of
HBp17/FGFBP-1 as a carrier to FGF-2. In regards to the positive correlation between these two
molecules, we hypothesize the probability of 1a,25(0OH),D; as a limiting factor for the FGF-2

protein expression through HBp17/FGFBP-1 modulation.



3.0 MATERIALS AND METHODS

3.1. Cell Cultures

The cell lines used were OSCC cell lines (UE: HO-1-u-1 [36] and Kono (KO) [37],
(established from a patient with oral cancer in our laboratory) and epidermoid carcinoma cell line,

A431 [38]. Those cell lines were cultured in serum-free medium as follow.

UE was cultured at 2.5 x 10* cells/well in 6-well plates (non-collagen coated) (BD
Falcon™, California, USA) in RD6F medium [39, 40] which was composed of the basal nutrient
medium (RD) supplemented with 6 factors, i.e. insulin (10pg/ml), transferrin (Spg/ml), 2-
aminoethanol (10uM), sodium selenite (10nM), 2-mercaptoethanol (10uM), and oleic acid
conjugated with acid-free bovine serum albumin (9.4pg/ml) (All chemicals were from Sigma-
Aldrich, St. Louis, USA). The RD basal nutrient medium was prepared as follow; RPMI1640
medium (Sigma-Aldrich) mixed in equal part (1:1) with Dulbecco’s modified Eagle’s medium
(DMEM) (Sigma-Aldrich) dissolved in Milli-Q water (ELIX, Millipore, Billerica, USA) added
with 90mg/L of ampicillin sodium (Meiji Seika Kaisha, Ltd, Tokyo, Japan), 90mg/L of
kanamycin  sulfate (Invitrogen, CA, USA), 20mM of 2-[4-(2-hydroxyethyl)-1-
piperazinyl]ethanesulforic acid (HEPES) (Dojindo, Kumamoto, Japan), 110mg of sodium
pyruvate and 2g/L of sodium bicarbonate (Sigma-Aldrich), adjusted to pH 7.4 and filtered with

0.2um membrane filter (Acrocap, Gelman Laboratory, Ann Arbor, USA).

KO and A431 were cultured in DF6F medium which was composed of the basal nutrient
medium (DF) 6 factors. The DF basal medium was prepared as follow; Dulbecco’s modified

Eagle’s medium nutrient mixture F-12 HAM (DF) (Sigma-Aldrich) mixed in Milli-Q water



(ELIX, Millipore). These basal medium was as well supplemented with 6 factors (Sigma-

Aldrich).

Growth were allowed at 37°C in a 5% CO, incubator (Thermo Fisher ScientiﬁcTM,
Massachusetts, USA) for 48hours. Subsequently, 40nM 10,25(0OH),D; (Enzo Life Sciences,
Inc.®, NY, US) or 2uM BAY 11-7085 (CH3H;sNO,s/ (E)3-[(4-t-Butylphenyl)sulfonyl]-2-
propenitrile) (Wako Pure Chemical Industries, Ltd., Osaka, Japan) was added and further

cultured for a certain amount of time according to the experimental design.

3.2. Quantitative RT- PCR (qRT-PCR) analysis

The total RNA was extracted using the RNeasy total RNA spin Mini RNA Isolation Kit
(GE Healthcare UK, Ltd., Buckinghamshire, England). Reverse transcription (RT) was
performed using the Super Script first-strand synthesis system (Life Technologies™, NY, USA).
Quantitative RT-PCR analyses for HBp17/FGFBP-1, VDR and FGF-2 were performed using the
Stratagene Mx3000P™ system (Stratagene, Agilent Technologies, USA) with GAPDH as the
internal control. The sequences of primers and TagMan™ fluorogenic probes for
HBp17/FGFBP-1, VDR and FGF-2 were designed according to the ProbeFinder™ software of
Roche Universal Probe Library system (Roche Applied Science, N.J., USA): 5’-
CGTGTGCTCAGAACAAGGTG-3’, 5- GAGCAGGGTGAGGCTACAGA-3> and #46
fluorescence probe (Roche Diagnostics, N.J. USA) for HBp17/FGFBP-1 (NM__005130); 5°-
CTTCTCTGGGGACTCCTCCT-3’, 5’-TGGACGAGTCCATCATGTCT-3’ and #15

fluorescence probe (Roche Diagnostics) for VDR (NM __ 001017536); 5°-



TTCTTCCTGCGCATCCAC -3°, 5’- TGCTTGAAGTTGTAGCTTGATGT-3’ and # 7 for FGF-

2 (NM_002006.4).

3.3. siRNA transfection

VDR siRNA (5’- AGAUCACUGUAUCACCUCUTT(t-3") and the control scrambled
siRNA (5’- AGUUCAACGACCAGUAGUCtt-3") were synthesized at the Ambion siRNA
facility (Ambion, Austin, Texas, USA). The UE cells were inoculated at 15x10* cells/well in 6-
well plates for 24 hours and then transfected with 1uM VDR or scrambled siRNA using the
siPORT™ NeoFX™ Transfection Agent (Ambion) in serum-free medium for 48hours. The cells
were then treated with 40nM 10,25(OH),D; (Enzo) or ethanol as the control for 12 hours. The

mRNAs were next isolated for gene expression analysis.

3.4 Cell Fractionation

Cells were inoculated at 1.25 x 10° cells/well in a 10cm dish (BD Falcon™), and cultured
for 48 hours in RD6F or DF6F serum-medium. The cells were then treated with 40nM
10,25(0OH),Ds (Enzo) or ethanol for 0, 3, 6, 12 and 24 hours, collected by scrapping the cells
with ice-cold PBS, and centrifuged at 4°C, at 500rpm. The cells were fractionated into cytosol
and nuclear fractions using the Nuclear Extract Kit (ACTIVE MOTIF, California, USA). Both

fractions were kept at -80°C or immediately used for analysis.



3.5. Western Blot Analysis

The cells were inoculated at 2.5x10* cells/well in 6-well plates (BD Falcon™), and
cultured in serum-free medium for 48 hours, then treated with 40nM 10,25(OH),D; (Enzo) or
ethanol. The cells were then collected at the time points of 0, 3, 6, 12, and 24 hours by scrapping
them out in Ca*" and Mg”" -free Phosphate buffered saline (CME-PBS). The protein extract was
prepared by dissolving cells in RIPA buffer (10mM Tris-HCL, 150mM NaCl, 5SmM EDTA,
1%Triton X-100, pH 7.4 [Nacalai Tesque Inc., Kyoto, Japan]) followed by sonication on ice for
30 seconds by Sonicator (Taitec UltraS Homogenizer VP-5S, Taitec, Tokyo, Japan).
Quantification of the protein content was performed according to the standard protocol of
Bradford Assay (Bio-Rad Laboratories Inc., California, USA). Proteins were then solvilized in
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) (Bio-Rad) or kept at -

80°C.

The protein extract (2.5ug proteins) was first resolved by SDS-PAGE in an 11% gel
gradient (20mA/gel). The protein was transferred onto a polyvinylidene difluoride (PVDF)

membrane (Bio-Rad) by a semi-dry blotting system (Bio-Rad) (90mA/gel) for 1 hour 30 minutes.

The antibodies used in the experiments were biotinylated anti-human HBp17/FGFBP-1
(R&D Systems, Minneapolis, USA), anti-VDR mouse monoclonal IgG (Santa Cruz
Biotechnology Inc., California, USA), anti-IkBa rabbit polyclonal IgG (Santa Cruz
Biotechnology Inc.) and anti-FGF-2 rabbit polyclonal IgG (Santa Cruz Biotechnology, Inc.). All
antibodies were diluted accordingly in 1% skimmed milk in Tris-buffered saline containing 0.1%
Tween-20 (TBS-T) (Nacalai Tesque Inc.). After subsequent blocking, the membrane was

incubated with the primary antibody for 2 hours at room temperature followed by incubation
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with the HRP-conjugated secondary antibody for 1 hour at room temperature. The secondary
antibodies used were Streptavidin-HRP (R&D Systems), Anti-mouse IgG HRP-linked
(Invitrogen, California, USA), and goat anti-rabbit IgG (Bio-Rad). The reaction was developed
with chemiluminescence reagent (GE Healthcare) for generation of the light signal. The light
signal was captured by a ChemiDoc XRS Imaging System (Bio-Rad Laboratories, Inc.).
Reprobing was used for detection of the internal control antibodies, i.e. Monoclonal anti-f-actin
antibody (Sigma-Aldrich) or Monoclonal mouse anti-proliferating Cell Nuclear Antigen Clone
PC10 (PCNA) (DakoCytomation, Glostrup, Denmark). All experiments were performed in

triplicate or more.

Image analysis was performed using Image Processing and Analysis in Java software
(Image J software) (National Institute of Health, NIH, Maryland, USA). Values of each band
were expressed as percent of adjusted volume, and the final results were calculated as mean+SD.

The student #-test was used to evaluate the differential significance between two variables.

3.6. ELISA

An Enzyme-linked Immunosorbent Assay (ELISA) was performed using the Quantikine®
ELISA kit (R&D Systems-Inc.). This kit was used for the quantitative determination of the

HBp17/FGFBP-1 and FGF-2 protein contents in conditioned medium.
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3.7. Immunofluoresence

A total of 8x10° cells/chamber (LAB-TEK®, Roskilde, Denmark) was cultured in serum-
free medium for 48 hours before adding 40nM 1a,25(OH),D3 (Enzo) or ethanol (EtOH). Staining
of the cells was performed at the time points of 12 and 24 hours. The antibodies used were
mouse monoclonal anti-human FGF-BP (R&D Systems) and Alexa Fluor 594 goat anti-mouse
IgG (Invitrogen). The DAPI (4',6-Diamidino-2-phenylindole) (Invitrogen) in a dilution of 1:1000
was also included in the secondary antibody solution.

Images of the cells stained with the molecule of interest were captured in two and three
dimensions with the aid of a laser scanning confocal microscope, LSM700 (Carl Zeiss, Jena,
Germany). The captured images were quantified and analyzed as the corrected total cell

fluorescence (CTCF) using the Image J software (NIH).

3.8. Statistical Analyses

Data are presented as mean values + standard deviation (S.D.). The student’s ¢-test was
used for group analysis and p-values <0.05 were considered significant. Analysis was performed
using data analysis software in Microsoft’s Office EXCEL 2010 (Microsoft Corporation, USA).
All the experiments were independently repeated at least three times and performed in triplicate

assay or more.
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4.0 RESULTS

4.1. 1a,25(0H),D; (40nM) significantly suppressed HBp17/FGFBP-1 expression in UE cells

while sustaining viability.

Determination of the optimum concentration of 10,25(OH),D; to be used in the study was
achieved by examining the effect of a wide range of concentrations of this substance on the
viability of UE cells cultured for 6 days. At the end, cells demonstrated an optimum growth at

concentration of 40nM (Figure 1A).

Next, growth assay was performed to determine for any possible toxicity of 10,25(0OH),Ds on
cell lines. Assay was performed according to standard procedure until day 6. Figure 1B shows
exemplary growth curve of (1) UE (OSCC cell line), (i1) A431 (epidermoid carcinoma cell line).

Cells showed viable in equivalent to control condition.

After optimum concentration of 1a,25(OH),Ds was decided, its effect on the expression of
HBp17/FGFBP-1 in UE cells was examined. This experiment is also to demonstrate the
comparable potential of 10,25(OH),D; and BAY 11-7085, a well-known NF-kB inhibitor at their
optimum concentration. For this experiment, cells were cultured in serum-free medium before
treatment with 10,25(OH),Ds, or BAY11-7085 or EtOH (control). RNAs were extracted from
the cells 12 hour after the treatment, followed by quantitative RT-PCR. As a result, both
10,25(0OH),Ds and BAY11-7085 proved to cause significant down-regulation of HBp17/FGFBP-
I mRNA expression (Figure 1C). Furthermore, the effect of 1a,25(0OH),D3; was comparable with
BAY11-7085 (2uM). This experiment was repeated using cell lines KO (Kono) and A431 and

results were similar to those obtained with UE (Figure 1C).
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4.2. HBp17/FGFBP-1 expression is down-regulated by 1a,25(0OH),;D; (40nM) in UE cells.

The effect of 1a, 25(OH),D; on the mRNA and protein expression of HBp17/FGFBP-1 in
OSCC cells (UE) was studied using the optimized concentration of 1a, 25(OH),Ds, i.e., 40nM, at
different time points. This experiment represents our first step in the pharmacodynamic study of
10,25(0OH),D; targeting HBp17/FGFBP-1 in particular. In this experiment, 3x10* cells/well (6-
well plate: BD Falcon™) were seeded in serum-free medium, and further cultured for 3 days.
The cells were periodically treated (0, 3, 6, 12 and 24 hours) with 10,25(OH),D;. At the end of
every time point, the cells were collected for RNA and protein preparation for analysis. As
shown by the qRT-PCR analysis (Figure 2A), the HBp17/FGFBP-1 expression was significantly
down-regulated with the highest degree of inhibition (over 60%) observed after a 12-hour
treatment period. Down-regulation was observed as early as 6 hours and continued for at least 24

hours.

Consequently, this experiment was repeated for the FGF-2. However, the mRNA and protein
level of FGF-2 were unaffected by the treatment of 10,25(OH),D; (Figure 2B). These results
could be interpreted as either 10,25(OH),D; does not have a direct influence on the FGF-2
synthesis, or the down-regulation of HBp17/FGFBP-1 in cells does not have influence on the

intracellular expression of FGF-2.

Apart from that, the VDR expression in the UE cells does not affected by the addition of
10,25(0OH),Ds, although a slight increase of the expression was observed after treatment (Figure

20).
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4.3. HBp17/FGFBP-I inhibition by 1a,25(0OH),D; is diminished in siVDR-transfected UE

cells.

It has been reported that fibroblast lacking the VDR exhibited an increase in the NF-xB
activity [41]. In their study, it appears that cells lacking VDR led to a down-regulation of IxkBa
causing more p65 to enter the nucleus, making the NF-kB pathway to be more active in
synthesizing the subsequent inflammatory cytokines [41]. In order to provide a condition lacking
of VDR, we transfected the UE cells with VDR siRNA, allowing us to generate VDR knock-
down cells (siVDR) with 80% suppression of the VDR expression (Figure 3A). The mRNA and
protein expression of HBp17/FGFBP-1 in siVDR was studied by qRT-PCR [35] and western
blotting, and their expression was compared to those of the wild type (siControl) (Figure 3B.).
As a result, the HBp17/FGFBP-1 expression was unchanged in the siVDR. These data indicated
that VDR does not have a direct effect on the regulation of HBp17/FGFBP-1. On the other hand,
the IkBa expression was found to be significantly suppressed by siVDR, as reported previously

[41].

1a,25(0OH),;Ds is well known to exert its biological effects through regulation of the gene
expression mediated by VDR [42]. Therefore, we hypothesized that the effect of 1a,25(0OH),D;
on HBp17/FGFBP-1 is mediated by VDR. In order to speculate on the requirement of VDR in
the reaction whereby 1a,25(OH),D; inhibits the HBp17/FGFBP-1 expression, the effect of
10,25(0OH),Ds on cells with the siVDR cells was investigated. siVDR cells and siControl cells
were treated with 1a,25(0OH),D3; (40nM) or EtOH for 12 hours, then the HBp17/FGFBP-1
expression was analyzed by western blotting. As a result, a significant suppression of the
HBp17/FGFBP-1 expression by 1a,25(0OH),D; was only observed in the siControl cells,

whereas the HBp17/FGFBP-1 expression in siVDR cells did not change (Figure 2B). These
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results suggested that the inhibition of HBp17/FGFBP-1 by 1a,25(0OH),Ds; was mediated by

VDR.

4.4. HBp17/FGFBP-1 expression is down-regulated by 10,25(0OH),D; (40nM) in the nucleus
and cytosol of UE cells.

Our next approach was to observe the distribution of HBp17/FGFBP-1 in UE cells following
treatment with 10,25(OH),Ds (40nM) using immunofluorescence staining. The UE cells were
cultured in minichambers (LAB-TEK®) and then treated with 10,25(OH),Ds (40nM) or EtOH at
various time points before staining with a fluorescent reagent. Images captured by the confocal
microscope were analyzed by Image J software and plotted as the corrected total cell
fluorescence (CTCF). As a result, at 12 hours, the HBp17/FGFBP-1 expression was reduced in
cells treated with 10,25(OH),D; (Figure 4A). From the image and analysis by the Image J, the
down-regulation of HBp17/FGFBP-1 in UE cells was observed in both the nucleus and cytosol

region. These data were verified by western blot analysis of the UE cell fraction (Figure 3).

This experiment was extended until time point of 24 hour. As revealed by
immunofluorescence image and interpretation by Image J software, HBp17/FGFBP-1 expression
was still down-regulated as a whole (Figure 4B). In spite of this, UE cells were observed to start
recover HBp17/FGFBP-1 expression in the nucleus. Western blot analysis then verified
HBp17/FGFBP-1 recovery in the nucleus of UE cells, while cytosolic HBp17/FGFBP-1 was still

down-regulated at this time point (Figure 4B).
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4.5. Down-regulation of HBpl17/FGFBP-1 by 1a,25(0OH),D; reduced FGF-2 expression in
conditioned medium.

HBp17/FGFBP-1 was first discovered to be associated with FGF-2 in a serum-free culture
conditioned by highly tumorigenic A431-AJC human epidermoid carcinoma cells [1]. Following
this discovery, HBp17/FGFBP-1 was reported as being significantly expressed in tumor cells as
the releasing agent for FGF-2 [1]. Since HBpl17/FGFBP-1 works to assist with the FGF-2
release/activation from the extracellular matrix, we hypothesized that the regulation of
HBpl17/FGFBP-1 by 10,25(0OH),;Ds in the cells may have some effects on the soluble, bio-
activated FGF-2 which might work as a stimulant for angiogenesis [19]. To prove our hypothesis,
UE cells were cultured and treated with 1a,25(OH),D3; (40nM) or EtOH for 24, 48 and 72 hours.
The amount of soluble HBp17/FGFBP-1 and FGF-2 in the conditioned medium was measured
by ELISA. As shown in Figures 5A and 5B, both the secreted HBp17/FGFBP-1 and FGF-2 were
significantly reduced by 1a,25(OH),D3, although the concentration of FGF-2 was traceable in

picograms (pg) only after 72 hours (Figure 5B).

Earlier, we examined the expression of FGF-2 mRNA and protein in UE cells (Figure 2B).
The result showed no significant difference in the FGF-2 expression despite suppression on its
chaperone, HBp17/FGFBP-1. Taken together, these data suggested that 1a,25(OH),D; does not
have a direct effect on the FGF-2 expression, but rather indirectly, through its chaperone. As
reported previously [6], HBp17/FGFBP-1 positively modulates the biological activity of FGF-2.
Therefore, these data show the impact of 10,25(OH),Ds on the biological role of HBp17/FGFBP-
I; i.e. 10,25(0OH),D; caused indirect suppression of the bio-activated FGF-2 availability in a

cancer microenvironment.
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5.0 DISCUSSION

Many provocative studies providing clues that vitamin D may play an important role in
cancer therapy have been published in recent years. The study on the anti-neoplastic potential of
vitamin D analogs has been reported in several studies discussing its ability to inhibit the
replication of cancer cells, induce apoptosis and even inhibit angiogenesis [43]. Although some
studies have successfully employed vitamin D analogues as an anti-cancer agent, their studies
have often been limited to just one or two cancer types. To date, vitamin D based therapies have
been associated in a number of cancers, the frequent were of breast [34], skin [28], colorectal and
prostate [13]. Thus far, every evaluated tumor type showed a biochemically distinctive response
to vitamin D as well as its anti-cancer capability. Therefore, we presented this study as an
attempt to establish the anti-cancer effect of 10,25(OH),D; on OSCC cells, targeting
HBp17/FGFBP-1, which is known for its role to release FGF-2 from ECM. Furthermore, this

molecule was found to be highly expressed in oral squamous cell carcinomas [9].

The concentration whereby 1a,25(OH),Ds is safe and comparable to a well-known NF-kB
inhibitor (BAY11-7085) was first established. 1a,25(OH),D; at the concentration of 40nM was

subsequently found to be optimal for cancer cell lines used in this experiment (data not shown).

Our research was based on the known biological role of HBpl17/FGFBP-1 as a releasing
agent to FGF-2 from its latent state [4]. In this regard, we hypothesized the possible approach to
suppress the FGF-2 expression by inhibiting the expression of its carrier, HBp17/FGFBP-1.
While FGF-2 is renowned for its role in cancer pathogenesis, 1a,25(OH),Ds, on the other hand,

is a relatively new anti-cancer agent of which few fundamental studies have been carried out. To

18



the best of our knowledge, 10,25(OH),Ds has proven to exhibit an anti-cancer effect on all
cancer models used. Following that, many pathways has been identified in the involved reactions
including its highly regarded role as an NF-«kB inhibitor [44]. Based on the considerable amount
of evidence for the anti-cancer ability of 10,25(OH),D;, we decided to investigate the ability of
10,25(0OH),Ds to regulate the expression of HBpl7/FGFBP-1 and eventually FGF-2 in the
OSCC cell line (UE). In addition, this study would show the efficacy of 1a,25(OH),D; to be used

as an anti-cancer therapy in OSCC management.

In all of the experiments, the cells were cultured in a defined serum-free media [39, 40],
therefore, other possible factors that might affect the experiments were eliminated. Soon after the
optimum dose of 1a,25(OH),D; was determined, an assay to determine the effect of
1a,25(0OH),;D; on HBp17/FGFBP-1 was performed. As a result, the HBp17/FGFBP-1 expression
in OSCC cell lines was significantly suppressed by 10,25(OH),Ds (Figure 1). To understand this

result, we then referred to the deduced sequence of HBp17/FGFBP-1.

From the deduced promoter sequence of HBp17/FGFBP-1 [45], there are a few binding sites
which can modulate the transcription of HBp17/FGFBP-1 when activated. One of them is the
NF-«xB binding site which is located at the upstream nucleotide of 185 to 176. However, this
binding site had never been functionally proven. Recently, 1a,25(OH),D; was reported to
decrease the DNA binding of NF-xB by increasing the IkBa level [35, 42, 44]. Thus,
1a,25(0OH),D3 was then used to confirm the hypothesis that the HBp17/FGFBP-1 transcription
could be modulated through this binding site, hence, we speculated that the down-regulation of

HBp17/FGFBP-1 is occurring via the NF-kB pathway.
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To verify that 10,25(OH),Ds had possibly inhibited NF-kB activity, which then resulted in
the down-regulation of the HBpl7/FGFBP-1 expression, we utilized a well-known NF-«kB
inhibitor; i.e. Bay 11-7085 (BAY), as the positive control of the NF-«kB inhibitor. BAY, a soluble
NF-«B inhibitor, which could cause necrotic cell death [46], has never been reported to suppress
the HBp17/FGFBP-1 expression. Interestingly, in our study we showed that both BAY (2uM)
and 10,25(0OH),Ds (40nM) down-regulate the HBp17/FGFBP-1 expression in various OSCC cell
lines (Figure 1). In the end, we concluded that the suppression of HBp17/FGFBP-1 in cells by

1a,25(0OH),D5 occurred via the NF-kB pathway [35].

Our next hypothesis was that 10,25(OH),Ds enhanced the HBp17/FGFBP-1 inhibition in
OSCC cells through the Vitamin D Receptor (VDR). This was basically due to the previously
reported mechanism of action of the 10,25(OH),Ds-induced transcription which is usually
mediated by VDR [47]. To test the dependency of 1a,25(OH),Ds on the VDR to regulate the
subsequent gene expression, we examined the HBp17/FGFBP-1 expression by 1a,25(OH),Ds in
siVDR-transfected cells. As a result (Figure 3B), the down-regulation of HBp17/FGFBP-1 by
10,25(0OH),Ds was diminished in the siVDR-transfected cells. These results suggested that the
action exerted by 1a,25(OH),D; on HBp17/FGFBP-1 expression was partially (if not certainly)
mediated by the VDR. However, these data presented an inconsistency with the HBp17/FGFBP-
I mRNA regulation by 1a,25(OH),Ds reported earlier [35], whereby the HBpl17/FGFBP-1
mRNA expression in the siVDR-transfected cells was still down-regulated to a lower degree
despite the treatment. The reason for this dispute could lie in the post-transcriptional mechanisms
of HBp17/FGFBP-1. Nonetheless, we concluded that the down-regulation of HBp17/FGFBP-1

by 10,25(0OH),D; is a VDR-mediated event.
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Furthermore, we found no difference in expression of HBp17/FGFBP-1 between siControl
and siVDR-transfected cells. This was in contrast to the IxkBa expression reported earlier,
whereby we observed a significant suppression of IkBa in the siVDR transfected cells [35].
These data suggest that VDR has its own anti-cancer capability towards NF-kB activity, but not

towards the HBp17/FGFBP-1 expression.

In squamous cell carcinomas, HBp17/FGFBP-1 has been shown to co-localize with heparan
sulfate proteoglycans 2 (HSPG2) in the pericellular environment [48, 49]. As revealed by
immunofluorescence staining, HBp17/FGFBP-1 was expressed in both the nucleus and cytosol
region of UE cells. The treatment with 10,25(OH),D3, reduced the HBp17/FGFBP-1 expression
in both regions at 12 hours (Figure 4A). At 24 hour, UE retained its nuclear HBp17/FGFBP-1
while cytosolic HBp17/FGFBP-1 was still down-regulated (Figure 4B). The reduction of the
HBpl17/FGFBP-1 expression in UE cells suggesting down-regulation of HBpl7/FGFBP-1
mRNA expression is demonstrated in Figure 1 and 2A. Since HBp17/FGFBP-1 is known to be
relevant when secreted, its roles in the intracellular space, especially in nucleus are still to be

determined.

HBp17/FGFBP-1 becomes significant when it is excreted into the surrounding extracellular
matrix (ECM). From tumor cells, where it was found to be unusually abundant, HBp17/FGFBP-
1 is secreted and bind to FGF-2 immobilized in the ECM of the same or other cells [2]. This was
followed by FGF-2 being released and bio-activated to reach its target cell receptor and exert its
effects mostly in angiogenesis. Therefore, it is also important to ensure the ability of
10,25(0OH),;Ds to suppress the HBpl17/FGFBP-1 expression which has an impact on the bio-
activation of FGF-2. For that, we measured the concentration of these two molecules in the

medium conditioned by 1a,25(OH),Ds-treated UE cells. From the ELISA result (Figure 5A), we
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found a prolonged decrease in the HBpl17/FGFBP-1 expression measured up to 72 hours of
treatment. Interestingly, the FGF-2 protein expression was correspondingly down-regulated,
although the amount was in picograms and only traceable after 72 hours (Figure 5B). These
results signify the efficacy of 1a,25(OH),D; to suppress the biological role of HBp17/FGFBP-1
altogether, although an in vivo study is required to provide more persuasive evidence.
Furthermore, our data also implied that 10,25(OH),D3; does not have a direct effect on the
synthesis of FGF-2 in the cells based on the quantitative RT-PCR result. These data were

verified by western blotting (Figure 2B).

This study serves as the early approach to the establishment of 1a,25(OH),D3; for OSCC
therapy. In this present study, we reported the role of 10,25(OH),Ds; to modulate the
HBp17/FGFBP-1 expression together with its acting molecule; FGF-2. In our previous report
[35], we proposed the possibility that these events occurred through the NF-xB pathway.
Therefore, a more comprehensive study is needed to focus on DNA binding activity of NF-xB
molecules on the deduced binding site located in the HBp17/FGFBP-1 promoter region. This is
pharmacologically important for establishment of 10,25(OH),D; to be used as anti-cancer
therapy specifically targeting HBp17/FGFBP-1 and FGF-2. Besides that, a careful determination
of the maximum tolerated dose of 10,25(OH),D; and optimal biological dose has to be followed

in-vivo.

Finally, this study has successfully demonstrated the ability of 1a,25(OH),D; to down-
regulate the HBp17/FGFBP-1 expression in oral squamous carcinoma cell lines. The down-
regulation has significantly reduced the bio-active FGF-2 released into the conditioned medium.

Therefore, 1a,25(0OH),D3 could possibly inhibit the FGF-2 dependent tumorigenesis and
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angiogenesis. In conclusion, this study has provided a novel capacity of 10,25(0OH),;D; as an

anti-cancer agent in oral cancer management.
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Legends and Figures

Figure 1. HBp17/FGFBP-1 expression is significantly down-regulated by 1a,25(OH),D;
(40nM) and BAY-117085 (2uM) in various oral cancer cell lines; UE, KO and A431. (A)
Growth-dose relationship curve of UE and A431 cells. (B) Growth curve for (i) UE and (i)
A431. (C) HBp17/FGFBP-1 expression in UE, KO and A431 in response to 10,25(0OH),Ds and
BAY. To determine the effect of 10,25(OH),D3; (40nM) and BAY-117085 (2uM) on the
expression of HBpl17/FGFBP-1, the cells were treated for 12 hours. Then, relative mRNA
expression of HBpl17/FGFBP-1 between ethanol-treated cells (control), 1a,25(OH),Ds-treated
cells and BAY-treated cells were determined by quantitative RT-PCR. Each bar represents the

mean +S.D., *p<0.05, n=3.

Figure 2. Down-regulation of HBpl7/FGFBP-1 by 10,25(OH);Ds does not affect
intracellular expression of FGF-2. A time dependent study on the effect of 1a,25(OH),D;
(40nM) on the expression of (A) HBpl17/FGFBP-1, (B) FGF-2, and (C) VDR in UE cells. (A)
UE cells were cultured in serum-free medium with 40nM 10,25(0OH),D; for 0, 3, 6, 12, and 24
hours, then harvested for RNA and cell lysates. The mRNA and protein expression levels of each
molecule at different time points were evaluated by quantitative RT-PCR and western blotting.
Only the 12-hour data are shown in (B) FGF-2 and (C) VDR. Each bar represents the mean

+S.D., *p<0.05, n.s.=not significant, n=5.
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Figure 3. Inhibition of the HBp17/FGFBP-1 expression by 1a,25(OH),D; is mediated by
VDR. To determine the significance of VDR on the regulation of HBpl7/FGFBP-1 by
10,25(0OH),Ds, we constructed a siVDR-transfected UE cells (siVDR). (A) 80% suppression on
VDR protein expression in siVDR. (B & C) Down regulation of HBp17/FGFBP-1 (B) and
enhancement of IkBa (C) by 1a,25(OH),Ds diminished in siVDR. The effect of 1a,25(OH),D3
(40nM) on HBp17/FGFBP-1 expression in siVDR and siControl were subsequently examined.
As a result, 10,25(OH),Ds failed to bring about inhibition towards HBpl17/FGFBP-1 and
enhancement towards IkBa protein expression in siVDR. No difference in the expression of
HBp17/FGFBP-1 between siControl and siVDR in the absence of 1a,25(OH),Ds. (C) Each bar

represents the mean +S.D., *p<0.05, n.s.=not significant, n=5.

Figure 4. HBp17/FGFBP-1 is expressed in the nucleus and cytosol of UE cells and down-
regulated by 10,25(OH);Ds;. Immunofluorescence staining was performed to observe
HBp17/FGFBP-1 expression in intracellular space of UE cells. Bar graphs represent the relative
corrected total cell fluorescences (CTCF) for different sites. To validate data on
immunofluorescence, HBpl17/FGFBP-1 in fractionated UE cells was analyzed by western
blotting. (A) HBp17/FGFBP-1 expression in UE cells after 10,25(OH),D; treatment for 12 hours.
The expression of HBpl7/FGFBP-1 in both sites reduced by 10,25(OH);D;. (B) The
HBp17/FGFBP-1 expression in UE cells after 24 hours exposure to 1a,25(OH),D;. The
HBpl17/FGFBP-1 expression as a whole was still down-regulated although nuclear
HBp17/FGFBP-1 appears to retain expression at this time. Each bar represents the mean +S.D.,

*p<0.05, n.s.= not significant, n=5.
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Figure 5. The HBp17/FGFBP-1 and FGF-2 expression in conditioned media are reduced by
10,25(0OH),Ds. HBp17/FGFBP-1 and FGF-2 are released into surrounding extracellular matrix
measured in conditioned media by ELISA. (A) The secreted HBp17/FGFBP-1 level has been
reduced for at least 72-hour treatment with 10,25(OH),D;s. (B) The reduced expression of soluble
(biologically active) FGF-2 appears in measurable amounts only after 72 hours of treatment.

Each bar represents the mean +S.D., *p<0.05, n.d.= not detected, n=3.
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FIGURE 2.

(A)HBp17/FGFBP-1

(Quantitative RT-PCR)
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FIGURE 2.

(B) FGF-2

(Quantitative RT-PCR)
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FIGURE 2.

(C) VDR

(Quantitative RT-PCR)
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FIGURE 3.
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FIGURE 3.

(B) HBpl7/FGFBP-1

(Western Blotting)
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FIGURE 3.

(C) IxBa
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FIGURE 4.

(A) 12 Hour
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FIGURE 4.

(B) 24 Hour

(Immunofluorescence)
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FIGURE 5.

(A) HBp17/FGFBP-1
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Chapter 11

10,25(0OH),;D; Down-regulates the Heparin-Binding Protein 17/Fibroblast Growth Factor-

Binding Protein-1 (HBp17/FGFBP-1) Expression through NF-kB Pathway
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1.0 ABSTRACT

Heparin-binding protein 17 /fibroblast growth factor-binding protein (HBp17/FGFBP-1,
GenBank accession no.NP-005121) has been reported to enhance angiogenesis as well as
promotes tumor growth in vivo. Furthermore, this molecule was found to be highly expressed in
the tissue and cell lines of oral squamous cell carcinoma (OSCC). 10,25(0OH),D; is used to
study its potential to inhibit the expression of HBp17/FGFBP-1 in cancer cells. Consequently,
we found that HBp17/FGFBP-1 mRNA and protein levels were significantly down-regulated. In
this present study, we show that this event takes place via the NF-kB pathway since mRNA and
protein levels of this pathway regulator, IkBa, were found to be significantly up-regulated.
Furthermore, promoter activity of HBp17/FGFBP-1 (region between -217 and +61) measured by
a luciferase reporter assay was down-regulated following treatment. Silencing of VDR with
siRNA showed the effect of 10,25(OH),D; on HBp17/FGFBP-1. Based on these findings, we
concluded that 1a,25(OH),D; down-regulates the HBpl7/FGFBP-1 expression via NF-xB

pathway.

Keywords: 10,25(0H),D;; Vitamin D receptor; HBp17/FGFBP-1; NF-«kB; IkBa; Oral squamous

cell carcinoma
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2.0 INTRODUCTION

la,25 dihydroxyvitamin D3 (1a,25(OH),;Ds3) is a multi-functional hormone that exerts its
actions through the vitamin D receptor (VDR). Besides being well-known as an anti-
inflammatory agent, this molecule has been reported to down-regulate the level of the NF-xB

protein, i.e. p50, and its p105 precursor in human lymphocytes (B1) [1].

Fibroblast growth factors (FGFs) are important regulators for cell migration, proliferation
and differentiation, for example, during embryogenesis, wound healing, tumor growth and
angiogenesis. FGFs however bind tightly to heparan sulfate proteoglycans. They are usually
immobilized in the extracellular matrix (ECM), and they are only bio-activate when freely
soluble. Mobilizations of FGFs are mediated through the action of enzymes or through direct
binding with secreted heparin-binding protein 17/fibroblast growth factor-binding protein-1
(HBp17/FGFBP-1) [2]. HBpl7, also known as FGFBP-1, is highly tissue specific and strictly
regulated through different promoter elements. Furthermore, this molecule was found to be up-
regulated in several tumors including squamous cell carcinomas [2, 3], and it was associated

especially with early stages of tumor formation in which angiogenesis plays a critical role [4, 5].

This study showed that HBp17/FGFBP-1 can be manipulated by 1a,25(OH),Ds via NF-
kB pathway and therefore suggesting the potential role of this molecule as the target for anti-

tumor therapy by 10,25(OH),Ds.
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3.0 MATERIALS AND METHODS

3.1. Cell Cultures

The OSCC cell line (UE) established from a patient with oral cancer in our laboratory (2.5X 10*
cells) [6] was cultured in 6-well plates (BD Falcon™) with serum-free RD medium (RPMI1640
medium : Dulbecco’s modified Eagle’s medium [DMEM]; 1:1) (Sigma-Aldrich) containing 6
factors (RD6F) [6, 7]; 6F (10pg/ml bovine insulin, 4ug/ml oleic acid [oleic acid: fatty acid-free
bovine serum albumin; 2:1], 10uM B-mercaptoethanol, 10uM 2-aminoethanol, 10nM sodium
selenite, Spg/ml human transferrin) (Sigma-Aldrich). Growth were allowed at 37°C in a 5% CO,
incubator (Thermo Fisher Scientific™) for 48 hours. Subsequently, 40nM 10,25(0OH),D; (Enzo)

were added and further cultured for another 12 hours.

3.2. Quantitative RT- PCR (qRT-PCR) analysis

Total RNA was extracted using RNeasy total RNA spin Mini RNA Isolation kit (GE
Healthcare). Reverse transcription (RT) was performed using the SuperScript first-strand
synthesis system (Life Technologies). Quantitative RT-PCR analysis for HBp17/FGFBP-1, VDR
and IkBa were performed using STRATAGENE MX3000PTM (Agilent Technologies) with
GAPDH as the internal control. The sequences of primers and TagMan™ fluorogenic probes for
HBp17/FGFBP-1, and IkBa were designed according to Probefinder™ software of Roche

2

Universal Probe Library system (Roche Applied Science) : 5’- cgtgtgctcagaacaaggtg-3°, 5°-

gagcagggtgaggctacaga-3’ and #46 fluorescence probe (Roche Diagnostics) for HBp17/FGFBP-1
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(NM__005130) ; 5’-cttctctggggactcctect-3°, 5’-tggacgagtccatcatgtet-3’ and #15 fluorescence

probe (Roche) for VDR (NM 001017536); 5’-gctgatgtcaatgctcagga-3°, 5°-

acaccaggtcaggattttgc-3’ and #86 fluorescence probe (Roche Diagnostics) for IkBa (NM__

020529) .

3.3. siRNA transfection

VDR siRNA (5’- AGAUCACUGUAUCACCUCUTTtt-3’) and control scrambled siRNA
(5’- AGUUCAACGACCAGUAGUCTtt-3") were synthesized by the Ambion siRNA facility
(Ambion). UE cells were inoculated at 15x10* cells in 6-well plates for 24 hours and then,
transfected with 1M VDR or scrambled siRNA using siPORT™ NeoFX ™ Transfection Agent
(Ambion) in RD6F medium for 48 hours. Afterwards, cells were treated with 40nM
1a,25(0OH),Ds (Enzo), with ethanol as control for 12 hours. Next, mRNAs were isolated for the

gene expression analysis and cell lysates were obtained for western blotting.

3.4. Plasmid Constructions

To clone DNA fragments from the HBpl17/FGFBP-1 promoter region into luciferase
reporter vectors, DNA fragments containing 278 base pairs (from -217 to+61) of
HBp17/FGFBP-1[8] was amplified by PCR using the human genomic DNA as a template. The
PCR products were cloned into the Sacl-HindIII (New England Biolab, Ipswich, England) site of
pGLA4.10 vector (Promega, Madison, WI, USA). The fidelity of the constructed vector was

confirmed by DNA sequencing (BECKMAN COULTER Genetic Analysis System).
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3.5. Transient Transfection and Luciferase Reporter Assay

Cells were inoculated at 8x10* cells per well in 24- well plates (BD Falcon™), and cultured
in serum-free RD6F for 24 hours. Afterwards, the cells were transfected with luciferase
constructs (Ing/assay) and the internal control plasmid pGL3-TK (20pg/assay) using Trans
Fast™ (Promega). 48 hours after transfection, cells were incubated with 1 @,25(OH),D; or
ethanol for 6 hours and then harvested. Cell lysates were analyzed using Dual Luciferase Assay

System (Promega).

3.6. Statistical Analyses

The student’s #-test was used for group analysis and data are presented as mean +S.E.M.

p-values <0.05 were considered significant. All experiments were performed in triplicates (n=3).
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4.0 RESULTS

To investigate the effect of 1a,25(OH),D; on HBp17/FGFBP-1 mRNA expression in
OSCC, UE cells were treated with 40nM 10,25(OH),D; in a defined RD6F medium [6, 7] for 12
hours. As demonstrated by qRT-PCR (Figure 1A), the level of HBp17/FGFBP-1 mRNA was
down-regulated by 60% subsequent to treatment. This result was validated by western blot
analysis. The experiment was repeated using another OSCC cell lines; KO (Kono) and
epidermoid carcinoma cell lines; A431. Results were similar to those obtained with UE (Figure

1C, chapter 1).

1a,25(0OH),D3 was reported to interfere with NF-xB activity by increasing IxBa levels
[42]. To investigate whether this is also true under our experimental conditions, quantitative RT-
PCR was performed to measure mRNA levels of NF-kB molecules (p65, p50 and IkBa). From
the data, 10,25(OH),Ds treatment caused no significant difference in mRNA levels encoding p65
and p50 (Figure 1C & D). By contrast, the mRNA for the NF-kB regulator (IkBa) was found to
be significantly up-regulated by 10,25(OH),D; (Figure 1B). This result was confirmed by

western blotting.

1a,25(0OH),D5 1s known to exert its biological effects through regulation of the gene
expression mediated by the vitamin D receptor (VDR) [9]. We hypothesized the effect of
10,25(0OH),D3 on HBp17/FGFBP-1 and IkBa observed in UE was as well mediated by VDR. For
the purpose of monitoring the vitality of VDR for the function of 10,25(OH),Ds, we had UE
cells transfected with VDR siRNA. This had allowed us to compare the effects of 1a,25(0OH),D;

in the absence (knock-down VDR; siVDR) or presence of VDR (siControl). Using siRNA, VDR
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expression was suppressed as much as 75% (Figure 2A.). These cells were then treated with
10,25(0OH),Ds, followed by qRT-PCR for determination of HBp17/FGFBP-1 and IkBa mRNA
levels afterwards. From the results, the HBp17/FGFBP-1 mRNA expression in both siControl
and siVDR cells was significantly down-regulated with lesser efficiency observed in siVDR cells
(Figure 2B). By contrast, the IkBa mRNA expression was not induced by 1a,25(OH),D; in
siVDR cells, however significantly induced in siControl cells (Figure 2C). Taken together these
results indicated the dependency of 10,25(OH),D; on VDR as a mediator to trigger its effects on
the regulation of the HBpl17/FGFBP-1 and IkBa genes. Prior to transfection, we had VDR
mRNA and protein levels measured in these cell lines following treatment with 10,25(OH);,Ds.
Our results confirmed that 10,25(0OH),D; does not directly affect VDR mRNA as well as the

protein expression in the cell lines used (Chapter 1, Figure 2C).

A previous report identified an NF-xB binding site in the HBp17/FGFBP-1 promoter from
nucleotide -185 to -176 [45]. A luciferase reporter assay in which the luciferase expression was
driven by the HBpl17/FGFBP-1 promoter (nucleotide -217 to +61; [8]) was performed to
determine whether 10,25(OH),Ds regulated HBp17/FGFBP-1 expression via the NF-kB binding
site. We found that the HBpl17/FGFBP-1 promoter activity was indeed significantly down-

regulated at about 25% by 1a,25(OH),Ds (Figure 3).
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5.0 DISCUSSION

Oral squamous cell carcinoma has become more prevalent particularly among the elder
generation. In our previous reports, HBp17/FGFBP-1 was found to be highly expressed in oral
squamous cell carcinomas [3], and the frequency of its expression corresponds with the
carcinoma malignancy state [5]. Based on the deduced NF-kB site in the HBpl17/FGFBP-1
promoter region reported by Harris et al. [10], we decided to test the hypothesis that
HBp17/FGFBP-1 was regulated by NF-kB by manipulating this particular binding site. In order
to investigate the regulation mechanism involved, we treated UE, KO and A431 cells (see
chapter 1, figure 1C) with the optimized concentration of 1a,25(OH),D3 at 40nM. Cells were
grown in a defined serum-free medium [6, 7] which therefore eliminates other possible factors
that might affect the treatment condition. We found that NF-«xB activity was down-regulated by
10,25(0OH),Ds as a result of IkBa up-regulation. This series of events led to the subsequent

down-regulation of HBp17/FGFBP-1 mRNA, protein expression as well as promoter activity

(Figure 3.).

Previously, 10,25(OH),D; has been shown to up-regulate IxkBa by prolongation of its mRNA
half-life and increase in its phosphorylation [9]. We have shown in our study of the IxBa up-
regulation (Figure 1B.) and later proved that this event is dependent on VDR (Figure 2C.).
Moreover, our study has verified the dependency of 10,25(OH),D3; on VDR to achieve higher
degree of inhibition towards the HBpl17/FGFBP-1 expression in UE cells. Our result also
showed that 10,25(OH),D; is capable of suppressing the HBpl17/FGFBP-1 expression in the
absence of VDR albeit in lower efficiency. Thus, we concluded that 1a,25(OH),Ds is capable to

exert immediate inhibition towards the HBp17/FGFBP-1 expression in UE cells, whereas VDR
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benefits the reaction by make increase of IkBa, hampering subsequent NF-«B activity, leading to

further down-regulation of the HBp17/FGFBP-1 expression.

Apart from that, there has been reported that VDR is capable to influence NF-xB activity by
causing transcription of IxkBa [11]. Another way to it is by binding to NF- kB molecule, deterring
translocation of this molecule into the nucleus [11]. Therefore, even though the IkBa expression
was low in siVDR, HBpl17/FGFBP-1 is still significantly down-regulated by 1a,25(OH),D;
(Figure 2B and 2C). Overall, our results suggest the indirect effect of 10,25(0OH),Ds on IkBa,
whereby VDR is much required to mediate the reaction. Meanwhile, the HBpl17/FGFBP-1

regulation does not fully dependent on regulation of IxBa.

Our data successfully demonstrate the ability of 10,25(OH),D; to down-regulate
HBp17/FGFBP-1 by inhibiting the activity of NF-kB. These results suggest that 10,25(OH),D;
may be a useful agent for the oral cancer therapy by targeting NF-xB and HBp17/FGFBP-1

molecules.
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Legends and Figures

Figure 1. 10,25(0OH),D; suppresses HBp17/FGFBP-1 while inducing IkBa expression in UE
cells. Effect of 40nM 10,25(OH),D3; on (A) HBp17/FGFBP-1 (B) IxkBa (C) p65 and (D) p50
mRNA expression in UE cells were analyzed by quantitative RT-PCR after 12 hours of treatment

period. All data was validated by western blotting. Each bar represents the mean + S.D. *,

P<0.05 (n=3).

Figure 2. 10,25(0OH),D;3 requires VDR to achieve higher degree of inhibition on
HBp17/FGFBP-1 expression in cancer cells. (A) Construction of siVDR with 80% knock-down
of the VDR mRNA expression compared to control (siControl) in UE cells. (B) The
HBp17/FGFBP-1 and (C) The IkBaa. mRNA expression in siControl and siVDR treated with
40nM 10,25(OH),Ds for 12 hours. Transcripts levels of these three molecules were evaluated by

quantitative RT-PCR. Each bar represents the mean + S.D. *, P<0.05 (n=3).

Figure 3. la, 25(0OH),D; suppresses HBpl17/FGFBP-1 promoter activity in UE cells.
Luciferase activity of PGL-HBp-Luc treansfected UE cells were measured in the presence or
absence of 40nM 10,25(OH),Ds for 12 hours . Data are shown as percentage of luciferase activity

enhanced by respective activator plasmid. Each bar represents the mean + S.D. *, P<0.05 (n=3).
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FIGURE 1.
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FIGURE 1.
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FIGURE 1.
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FIGURE 1.
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FIGURE 2.
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FIGURE 2.

(C) IxBa
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FIGURE 3.
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CONCLUSION

This present study represents a novel pathway for 10,25(OH),Ds anti-cancer capacity in oral

cancer; i.e. targeting HBp17/FGFBP-1 expression.

The current study has demonstrated:

1. HBpl7/FGFBP-1 expression is down-regulated by 1a,25(OH),Ds (40nM) in oral cancer
cell lines.

2. 10,25(0OH),;D; (40nM) exhibited comparable effect with Bay 11-7085 (2uM) on
HBp17/FGFBP-1 expression.

3. HBpl17/FGFBP-1 expression (mRNA, protein) down-regulated by 1a,25(OH),D; in both
cytosol and nuclear.

4. 10,25(0OH),D3 does not have effect on the synthesis of the FGF-2.

5. Down-regulation of HBpl17/FGFBP-1 by 1a,25(0OH),;Ds resulted in the inhibition of
FGF-2 released into conditioned medium.

6. HBpl17/FGFBP-1 down-regulation by 1a,25(OH),D; takes place through NF-«B binding
site located at the promoter region of HBp17/FGFBP-1.

7. Existence of functional NF-kB binding site at the promoter region of HBp17/FGFBP-1
(region between -185 to -176) has been discovered.

8. Inhibition of HBp17/FGFBP-1 and NF-kB activity by 1a,25(OH),D3 are mediated by

VDR.
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Taking together, we summarized our findings as follows.

“VDR mediates

inti : “Inhibition of
transcriptional regulation of
1a,25(0OH),D,” FGF-2 release
' 2 %ﬂom the ECM"%* @
O ;

“Down-
|KK R regulation of
TIKBa N HBp17/FGFBP-
1 mRNA and
4 protein
p65 p50 expression”

“Induction of

IkBo expression”

1. VDR mediates transcriptional regulation of 1a,25(OH),Ds.

2. Liganded VDR will trigger many gene transcriptions including the up-regulation of IkBa
levels. This event will lead to inhibition of NF-kB activity. Therefore, p50 and p65 dimer
could not translocate to bind to its binding site on the promoter region of HBp17/FGFBP-
1.

3. This inhibition was well reflected by suppression on HBp17/FGFBP-1 activity (revealed
in luciferase reporter assay).

4. Suppression on the promoter activity reasoning down-regulation of HBp17/FGFBP-1
mRNA as well as protein expression.

5. Due to low levels of secreted HBpl17/FGFBP-1, FGF-2 will remain bound to the

extracellular matrix, in latent state.
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ARTICLE INFO ABSTRACT
Article history: The heparin binding protein 17/fibroblast growth factor-binding protein-1 (HBp17/FGFBP-1, GenBank
Received 6 July 2012 accession no. NP-005121) has been reported to enhance angiogenesis as well as promotes tumor growth
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in vivo. Furthermore, this molecule was found to be highly expressed in the tissue and cell lines of oral
squamous cell carcinoma (OSCC).
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1a,25(0OH)2D3
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HBp17/FGFBP-1

NF-kB
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Oral squamous cell carcinoma

1a,25(0OH),D3 is used to study its potential to curb the expression of HBp17/FGFBP-1 in cancer
cells. Consequently, we found that HBp17/FGFBP-1 mRNA and protein levels were significantly down-
regulated. In this present study, we show that this event takes place via the NF-kB pathway since mRNA
and protein levels of this pathway regulator, IkBa, were found to be significantly up-regulated. Fur-
thermore, the promoter activity of HBp17/FGFBP-1 (region between —217 and +61) measured by a
luciferase reporter assay was down-regulated following treatment. Silencing of VDR with siRNA showed
the effect of 1a,25(0OH), D3 on HBp17/FGFBP-1. Based on these findings, we concluded that 1,25(OH); D3
down-regulated HBp17/FGFBP-1 expression via NF-kB.
This article is part of a Special Issue entitled ‘Vitamin D Workshop’'.
© 2012 Elsevier Ltd. All rights reserved.
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1. Introduction

1,25 dihydroxyvitamin Ds (1a,25(0H);D3) is a multi-
functional hormone that exerts its actions through the vitamin D
receptor (VDR). Besides being well-known as an anti-inflammatory

* Corresponding author. Tel.: +81 82 257 5667; fax: +81 82 257 5669.
E-mail address: tetsuok@hiroshima-u.ac.jp (T. Okamoto).
1 Contribute equally.

0960-0760/$ - see front matter © 2012 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.jsbmb.2012.10.011

agent, this molecule has been reported to down-regulate the level
of the NF-kB protein, i.e. p50, and its p105 precursor in human
lymphocytes (B1) [1].

Fibroblast growth factors (FGFs) are important regulators for cell
migration, proliferation and differentiation, for example, during
embryogenesis, wound healing, tumor growth and angiogenesis.
FGFs however bind tightly to heparan sulfate proteoglycans. They
are usually immobilized in the extracellular matrix (ECM), and they
are only bio-activate when freely soluble. Mobilizations of FGFs are
mediated through the action of enzymes or through direct binding
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with secreted heparin binding protein 17/fibroblast growth factor-
binding protein-1 (HBp17/FGFBP-1) [2]. HBp17, also known as
FGFBP-1, is highly tissue specific and strictly regulated through dif-
ferent promoter elements. Furthermore, this molecule was found
to be up-regulated in several tumors including squamous cell car-
cinomas [2,3], and it was associated especially with early stages of
tumor formation in which angiogenesis plays a critical role [4,5].
This study showed that HBp17/FGFBP-1 can be manipulated by
1,25(0OH),; D3 via NF-kB pathway and therefore suggesting the
potential role of this molecule as the target for anti-tumor therapy
by 1a,25(0H);Ds.

2. Materials and methods
2.1. Cell cultures

The OSCC cell line (UE) [6] established from a patient with
oral cancer in our laboratory was cultured at 2.5 x 10% cells/well
in 6-well plates with serum free RD medium (RPMI1640 medium:
Dulbecco’s modified Eagle’s medium [DMEM]; 1:1) containing six
factors (RD6F) [7,8]; 6F (10 wg/ml bovine insulin, 4 pg/ml oleic
acid [oleic acid:fatty acid-free bovine serum albumin; 2:1], 10 uM
B-mercaptoethanol, 10 wM 2-aminoethanol, 10 nM sodium selen-
ite, 5 pg/ml human transferrin). Growth was allowed at 37°C in
a 5% CO, incubator for 48 h. Subsequently, 40 nM 1«,25(0H);D3
(BML-DM200 Enzo) were added and further cultured for another
12h.

2.2. Quantitative RT-PCR (qRT-PCR) analysis

Total RNA was extracted using RNeasy total RNA spin Mini RNA
Isolation kit (GE Healthcare UK Ltd., England). Reverse transcrip-
tion (RT) was performed using SuperScript first-strand synthesis
system. qRT-PCR analysis for HBp17/FGFBP-1, VDR and IkBa were
performed using STRATAGENE MX3000P™ system (Stratagene,
CA, USA) with GAPDH as the internal control. The sequences of
primers and TagMan™ fluorogenic probes for HBp17/FGFBP-1,
and IkBa were designed according to Probefinder™ software of
Roche Universal Probe Library system (Roche Applied Science):
5'-cgtgtgctcagaacaaggtg-3’, 5'-gagcagggtgaggctacaga-3’ and #46
fluorescence probe (Roche) for HBp17/FGFBP-1 (NM_005130);
5’-cttctctggggactcectect-3/,  5/-tggacgagtccatcatgtct-3’ and  #15
fluorescence probe (Roche) for VDR (NM.001017536); 5'-
gctgatgtcaatgctcagga-3/, 5’-acaccaggtcaggattttge-3’ and #86
fluorescence probe (Roche) for IkBa (NM_020529).

2.3. siRNA transfection

VDR siRNA (5-AGAUCACUGUAUCACCUCUTTtt-3’) and control
scrambled siRNA (5-AGUUCAACGACCAGUAGUCtt-3’) were syn-
thesized by the Ambion siRNA facility (Austin, TX). UE cells were
inoculated at 15 x 104 cells in six-well plates for 24h and then,
transfected with 1 M VDR or scrambled siRNA using siPORT™
NeoFX™ Transfection Agent (Ambion) in RD6F medium for 48 h.
Afterwards, cells were treated with 40nM 1«,25(0H);D3, or
ethanol as control for 12h and mRNAs were isolated for gene
expression analysis.

2.4. Plasmid constructions

To clone DNA fragments from the HBp17/FGFBP-1 promoter
region into luciferase reporter vectors, DNA fragments containing
278 bp (from —217 to +61) of HBp17/FGFBP-1 [9] was amplified by
PCR using the human genomic DNA as a template. The PCR products
were cloned into the Sacl-HindlIII site of pGL4.10 vector (Promega,

Madison, WI, USA). The fidelity of the constructed vector was con-
firmed by DNA sequencing (BECKMAN COULTER Genetic Analysis
System).

2.5. Transient transfection and luciferase reporter assay

Cells were inoculated at 8 x 104 cells/well in 24-well plates,
and cultured in serum free RD6F for 24 h. Afterwards, the cells
were transfected with the luciferase constructs (1 pg/assay) and
the internal control plasmid pRL3-TK (20 ng/assay) using Trans
Fast™ (Promega). Two days after transfection, cells were incubated
with 40nM 1a,25(0H), D3 or with ethanol for 12 h and then har-
vested. Cell lysate was analyzed using Dual Luciferase Assay System
(Promega). The luciferase activities were normalized by the Remilla
luciferase activities of the internal control pRL-TK, and data were
plotted as mean values £S.D. in triplicate assay as a ratio to the
control assay in the absence of 1,25(0H),D3.

2.6. Statistical analyses

Data are presented as mean values + standard deviation (S.D.).
The Student’s t-test was used for group analysis and P-values < 0.05
were considered significant. All the experiments were indepen-
dently repeated at least three times and performed in triplicate
assay (n=3).

3. Results

To investigate the effects of 1a,25(0H);D3 on HBp17/FGFBP-
1 mRNA expression in OSCC, UE cells were treated with 40 nM
10,,25(0OH);D3 in well-defined RD6F medium [6,7] for 12h. As
demonstrated by qRT-PCR, the level of HBp17/FGFBP-1 mRNA was
down-regulated by 60% subsequent to treatment (Fig. 1A). This
result was validated by Western blot analysis (data not shown).
The experiment was repeated using another OSCC cell lines; KO
(Kono: established from a patient with oral cancer in our labora-
tory) [10] and dermoid cancer cell lines; A431 [11]. Results were
similar to those obtained with UE.

1a,25(0OH),;D3 was reported to interfere with NF-kB activity
by increasing IkBa levels [12]. To investigate whether this is also
true under our experimental conditions, qRT-PCR was performed
to measure mRNA levels of NF-kB molecules (p65, p50 and IkBa).
From the data, 1,25(0H); D5 treatment caused no significant dif-
ference in mRNA levels encoding p65 and p50 (data not shown).
By contrast, the mRNA for the NF-kB regulator (IkBa) was found to
be significantly up-regulated by 1«,25(0H), D3 (Fig. 1B). This result
was confirmed by Western blot analysis for IkBa protein (data not
shown).

10,25(0OH), D3 is known to exert its biological effects through
regulation of gene expression mediated by the vitamin D recep-
tor (VDR) [12]. We hypothesized the effect of 1a,25(0OH),;D3 on
HBp17/FGFBP-1 and IkBa observed in UE was as well mediated
by VDR. For the purpose of monitoring the vitality of VDR for the
function of 1a,25(0H),D3, we had UE cells transfected with VDR
siRNA. This had allowed us to compare the effects of 1a,25(0H), D3
in the absence (knock-out VDR; VDR/KO) or presence (wild-type
VDR; VDR/WT) of VDR. Using siRNA, VDR expression was sup-
pressed as much as 75% (Fig. 2A). These cells were then treated
with 10,25(0OH),D3, followed by gRT-PCR for determination of
HBp17/FGFBP-1 and IkBoo mRNA levels afterwards. From the
results, HBp17/FGFBP-1 mRNA expression in both VDR/WT and
VDR/KO cells was significantly down-regulated with lesser effi-
ciency observed in VDR/KO cells (Fig. 2B). By contrast, IkBa mRNA
expression was not induced by 1a,25(0H);D3 in VDR/KO cells,
however significantly induced in VDR/WT cells (Fig. 2C). Taken
together these results indicated the dependency of 1a,25(0OH); D3
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Fig. 1. “10,25(0H); D3 suppresses HBp17/FGFBP-1 while inducing IkBa expression
in UE cells.” Effect of 40 nM 1,25(0OH), D3 on (A) HBp17/FGFBP-1 and (B) IkBae mRNA
expression in UE cells were analyzed by quantitative real-time RT-PCR after 12 h of
treatment period. Each bar represents the mean=+S.D., *P<0.05 (n=3).

on VDR as a mediator to trigger its effects on the regulation of
the HBp17/FGFBP-1 and IkBa genes. Prior to transfection, we had
VDR mRNA and protein levels measured in these cell lines fol-
lowing treatment with 1a,25(0OH);D3. Our results confirmed that
10,25(0OH), D3 does not directly affect VDR mRNA level as well as
protein expression in the cell lines used (data not shown).
Apreviousreport by Harris etal. [13] identified an NF-kB binding
site in the HBp17/FGFBP-1 promoter from nucleotide —185to —176
[10]. A luciferase reporter assay in which the luciferase expression
was driven by the HBp17/FGFBP-1 promoter (nucleotide —217-+61
[9]) was performed to determine whether 1a,25(0OH); D5 regulated
HBp17/FGFBP-1 expression via the NF-kB binding site. We found
that HBp17/FGFBP-1 promoter activity was indeed significantly
down-regulated at about 25% by 1c,25(0OH), D5 (Fig. 3).

4. Discussion

Oral carcinoma has become more prevalent particularly among
the elder generation. In our previous reports, HBp17/FGFBP-1 was
found to be highly expressed in oral squamous cell carcinomas [3],
and the frequency of its expression corresponds with the carci-
noma malignancy state [5]. Based on the deduced NF-kB site in
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Fig. 2. “1a,25(0H); D3 requires VDR to achieve higher degree of inhibition on
HBp17/FGFBP-1 expressionin UE cells.” (A) Construction of VDR/KO with 80% knock-
down of VDR mRNA expression compared to control (VDR/WT) in UE cells. (B)
HBp17/FGFBP-1 and (C) IkBae mRNA expression in VDR/WT and VDR/KO treated
with 40nM 1a,25(0H), D3 for 12 h. Transcript levels of these three molecules were
evaluated by quantitative real-time RT-PCR. Each bar represents the mean+S.D.,
*P<0.05 (n=3).

the HBp17/FGFBP-1 promoter region reported by Harris et al. [13],
we decided to test the hypothesis that HBp17/FGFBP-1 was regu-
lated by NF-kB by manipulating this particular binding site. In order
to investigate the regulation mechanism involved, we treated UE,
KO and A431 cells (KO and A431; data not shown) with the opti-
mized concentration of 40 nM 1a,25(0OH), D3. Cells were grown in a
well-defined serum-free medium [7,8] which therefore eliminates
other possible factors that might affect the treatment condition. We
found that NF-kB activity was down-regulated by 1«,25(0OH);D;
as a result of IkBa up-regulation. This series of events led to the
subsequent down-regulation of HBp17/FGFBP-1 mRNA, protein
expression as well as promoter activity (Fig. 3).
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Fig. 3. “1a,25(0H),D3 suppresses HBp17/FGFBP-1 promoter activity in UE cells.”
Luciferase activity of pGL-HBp-Luc transfected UE cells were measured in the pres-
ence or absence of 40 nM 1,25(0H), D3 for 12 h. Data are shown as percentages of
luciferase activity enhanced by the respective activator plasmid. Each bar represents
the mean+S.D., *P<0.05 (n=3).

Previously, 1«,25(0H),; D3 has been shown to up-regulate IkBa
by prolongation of its mRNA half-life and increase in its phospho-
rylation [12]. We have shown in earlier phase of our study of this
phenomenon (Fig. 1B) and later proved that this event is dependent
on VDR (Fig. 2C). Moreover, our study has verified the dependency
of 1a,25(0OH),;D3 on VDR to achieve higher degree of inhibition
toward HBp17/FGFBP-1 expression in UE cells. Absolute reliant of
1,25(0OH);D3 on VDR to cause up-regulation of IkBa may have
assisted inhibition of HBp17/FGFBP-1 observed as higher inhibition
in VDR/KO. Our result also showed that 1a,25(0OH),D3 is capable
of suppressing HBp17/FGFBP-1 expression in the absence of VDR
albeit in lower efficiency. Thus, we concluded that 1«,25(0H), D3
capable to exert immediate inhibition toward HBp17/FGFBP-1
expression in UE cells, whereas VDR benefits the reaction by make
increase of IkBa, hampering subsequent NF-kB activity, leading to
further down-expression of HBp17/FGFBP-1.

Apart from that, there was also evidence showing VDR is capable
to influence NF-kB activity by causing transcription of IkBa [14].
Another way to it is by binding straight to NF- kB molecule, deter-
ring translocation of this molecule into the nucleus [14]. Therefore,
even though IkBa expression was low in VDR/KO, HBp17/FGFBP-1
is still significantly down-regulated by 1c,25(0OH),D3 (Fig. 2B and
C). Overall, our results suggest the indirect effect of 1a,25(0H), D3
on IkBa, whereby VDR is much required to mediate the reaction.
Meanwhile, HBp17/FGFBP-1 regulation does not fully dependent
with regulation of IkBa.

We have shown the effectually of 1a,25(0H); D3 to cause sup-
pression on HBp17/FGFBP-1 mRNA expression as much as 60% in UE
cells. In order to comprehend this phenomenon, we extended our
research to luciferase reporter assay. Subsequent to treatment with
40nM 1a,25(0H), D3, HBp17/FGFBP-1 promoter activity within the
region of -217 and +61 (deduced region of NF-kB binding site
[13]) was found to be indeed suppressed, however, weaker (30%

reduction compared to that of non-treated). Thus far, our research
demonstrated a modest discrepancy between the mRNA expres-
sion and promoter activity despite of similar tendency in general.
In addition, this data may have illustrated the possibility of more
than one NF-kB binding sites are exist and responsible for the
down-regulation of HBp17/FGFBP-1 mRNA. Until we could prove
this arising hypothesis, the mechanisms of this phenomenon are
yet to be explained in detail.

Our data successfully demonstrate the ability of 1c,25(0H); D3
to down-regulate HBp17/FGFBP-1 by inhibiting the activity of NF-
kB. These results suggest that 1a,25(0H); D3 may be a useful agent
for the oral cancer therapy by targeting NF-kB and HBp17/FGFBP-1
molecules.
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