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ABSTRACT

B,-Glycoprotein I (8,-GPI), also known as apolipoprotein H, is a plasma glycoprotein with poorly defined gene regulation. The aim of this
study was to clarify the role of oxidative stress in 8,-GPI gene regulation and determine the essential transcription element regulating 8,-GPI
expression. We demonstrate that expression of 3,-GPI at the protein and mRNA levels was significantly elevated in Huh7 and HepG2 cells
treated with 100 wM hydrogen peroxide (H,0,). To address the transcriptional mechanism of H,0,-mediated 8,-GPI gene regulation, several
promoter constructs were cloned and characterized by deletion assays. A region spanning from —2141 to —1419 (relative to the transcription
start site), which contains two activator protein-1 (AP-1) sites (AP1-2 and AP1-3) and one nuclear factor-kappaB (NF-«B) site was found to be
the main target site for up-regulation of 8,-GPI promoter activity by oxidative stress. In addition, we found that H,0, stimulation enhanced
the nuclear translocation of AP-1 and NF-«kB subunits. Using an electrophoretic mobility shift assay, it was confirmed that nuclear protein
binding to the AP1-2, AP1-3, and NF-«B sites was increased in Huh7 cells treated with H,0,. Knockdown of the c-Jun, c-Fos, p65, and p50
genes using small interfering RNAs (siRNAs) further confirmed that AP-1 and NF-«kB play an essential role in the H,0,-induced B,-GPI
expression. Overall, these findings provide new insight suggesting that multiple cis-elements in the 8,-GPI promoter work cooperatively to

regulate 3,-GPI expression in cells under oxidative stress. J. Cell. Biochem. 111: 988-998, 2010. © 2010 Wiley-Liss, Inc.
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»-Glycoprotein I (B,-GPI) is a 50 kDa glycoprotein primarily
synthesized in the liver [Wang and Chiang, 2004]. The 8,-GPI

ne is located on chromosome 17q23-24 spanning 18kb and
consists of eight exons and seven introns [Okkels et al., 1999]. B,-
GPI displays diverse biological functions including involvement in
triglyceride metabolism, blood coagulation, and homeostasis
[Takeuchi et al., 2000; Yasuda et al., 2000; Miyakis et al., 2004].
Our group has reported on the role of B,-GPI in anti-LDL oxidation
and the prevention of NO-induced apoptosis in macrophages and
human coronary artery smooth muscle cells [Lin et al., 2001, 2005].
The role of 3,-GPI in the coagulation system, both in healthy people
and in patients with antiphospholipid syndrome (APS), has been
increasingly elucidated [Roubey et al., 1992; Miyakis et al., 2004;
Shi et al., 2004]. Activation of the coagulation system represents an

important facet of immune and inflammatory reactions, which
participate in a number of human diseases [Matsuura et al., 2003;
Lin et al., 2006; Dunoyer-Geindre et al., 2007].

Although clinical importance has been attributed to [3,-GPI, the
molecular basis of B,-GPI gene regulation remains unknown.
Previously, we cloned a 4.1kb genomic fragment corresponding to
the 5'-flanking region of the human B,-GPI gene and identified that an
atypical TATA box and a hepatic nuclear factor-1 (HNF-1) cis-element
are crucial for B,-GPI promoter activity [Wang and Chiang, 2004]. An
understanding of the transcription machinery associated with the
B,-GPI promoter is necessary for developing further insights into the
regulation of [3,-GPI expression during various disease processes.

Hydrogen peroxide (H,0,), as a major source of reactive oxygen
species (ROS), has been extensively used as an inducer of oxidative
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stress in many in vitro models [Zhou et al., 2001; Cunha-Oliveira
et al., 2006; Wang et al., 2008; Naziroglu, 2009]. ROS have been
shown to play a role in the pathogenesis of several inflammatory
diseases including atherosclerosis, rheumatoid arthritis, and
ischemia/reperfusion injury [Harrison et al., 2003; Madamanchi
et al., 2005; Dalle-Donne et al., 2006]. Activator protein-1 (AP-1)
and NF-kappaB (NF-kB) are two redox-sensitive transcription
factors that can be activated during various inflammatory disease
processes [Karin et al., 2001; Surh et al., 2005]. However, the
effect of oxidative stress on 3,-GPI expression and the involvement
of AP-1 and NF-kB in B,-GPI gene regulation have not been
demonstrated as yet.

The present study was therefore designed to determine whether
oxidative stress is able to modulate 3,-GPI expression via activation
of its promoter activity in hepatoma cells. In addition, we
investigated the contribution of AP-1 and NF-«kB to regulation of
human B,-GPI gene expression. An investigation of the promoter
activities of reporter plasmids containing three AP-1 sites spanning
from —2204 to —2068 and one NF-kB site located between —1432
and —1419 in H,0,-treated cells was undertaken. This information
will help in identifying the regulatory domain of B,-GPI gene
associated with oxidative stress. The overall aim of this study was to
investigate the regulation of 3,-GPI expression by oxidative stress
and identify the specific targets of H,0,-mediated B,-GPI gene
regulation.

CELL CULTURE

Huh7 and HepG?2 cells were seeded at a density of 5 x 10° cells/cm?
in tissue culture flasks and grown at 37°C in a humidified 95% air/
5% CO, atmosphere in Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10% (v/v) fetal bovine serum (FBS), 100 U/ml
penicillin, 100 wg/ml streptomycin, 0.25 wg/ml amphotericin B,
0.3 mg/ml r-glutamine, and 0.1 mM non-essential amino acids.
Fresh medium was added every 2 days and the cells were passaged
every 4 days with a 1:4 split ratio.

ANALYSIS OF INTRACELLULAR ROS AND CELL VIABILITY

The levels of intracellular ROS were measured using the dye
fluorescence probe 2,7-dichlorodihydrofluorescein diacetate (DCFH-
DA; Sigma-Aldrich, St. Louis, MO), which passively diffuses into the
cells and is cleaved and oxidized to 2,7-dichlorofluorescein (DCF).
Huh?7 cells (5 x 10* cells/well) were seeded on a poly-L-lysine-coated
96-well plate in DMEM supplemented with 2% FBS for 24 h. Cells
were then loaded for 30 min with 20 uM DCFH-DA followed by
treated with the indicated concentrations of H,0,. Cells were washed
with cold PBS twice and the fluorescence of the oxidized
dichlorofluorescein was monitored by flow cytometry with an
excitation wavelength of 485nm and an emission wavelength of
538 nm.

To measure the cell viability of Huh7 cells undergoing H,0,-
induced oxidative damage, Huh7 cells (5x 10*cells/well) were
seeded on a poly-L-lysine-coated 96-well plate in DMEM for 24 h.
Cell viability was assessed by the mitochondrial-dependent
reduction of 3-(4, 5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium

bromide (MTT) to purple formazan [Carmichael et al., 1987]. Huh7
cells were incubated with MTT (0.5%) for 4 h at 37°C. The medium
was carefully removed and the formazan crystals were dissolved in
isopropanol. The extent of the reduction of MTT was quantified
using an ELISA reader at 550 and 690 nm. The net difference of
absorbance between 550 and 690 nm was used to express the relative
viability as A; x 100/A., where A, is the absorbance of the H,0,-
treated cells and A. is the absorbance of the untreated controls.

WESTERN BLOT ANALYSIS

Total cellular protein was prepared to determine the effect of H,0, at
concentrations of 50, 100, and 200 .M on 3,-GPI protein expression
in Huh7 and HepG2 cells [Uguz et al., 2009]. Whole-cell extracts
were prepared by lysing cells in buffer containing 50 mM HEPES (pH
7.4), 6 mM EDTA, and 1% Triton X-100 supplemented with complete
protease inhibitor cocktail (Roche Applied Science, Mannheim,
Germany). Total protein was separated by centrifugation at 13,200¢
for 20min at 4°C. Cells were then incubated in cytoplasmic
extraction buffer containing 20 mM HEPES (pH 7.4), 10 mM KCl,
1mM MgCl,, 0.5% NP-40, 0.5 mM dithiothreitol, and complete
protease inhibitor cocktail (Roche Applied Science). The cytosolic
fraction was separated after centrifugation at 3,000g for 5min at
4°C. The pellet was resuspended in 30l of ice-cold nuclear
extraction buffer [20 mM HEPES (pH 7.4), 0.4 M NaCl, 10 mM KCl,
1mM MgCl,, 0.5 mM dithiothreitol, 20% glycerol supplemented
with complete protease inhibitor cocktail (Roche Applied Science)]
and centrifuged at 13,2009 for 20min at 4°C. The protein
concentration was determined using the Bradford assay (Bio-Rad,
Hercules, CA) with BSA as the standard. Equal amount of proteins
were subjected to 10% SDS-PAGE and transferred onto poly-
vinylidene difluoride (PVDF) membrane (Millipore, Bedford, MA).
The immunoblots were then placed in Tris-buffered saline blocking
solution (10 mM Tris-HCl, pH 8.0, 150 mM NaCl, 0.05% Tween 20,
and 5% non-fat milk) for 1 h. Transferred blots were incubated with
the primary antibody for 18 h and washed extensively with 1x Tris-
buffered saline and 0.05% Tween 20. Following incubation with
horseradish peroxidase-conjugated secondary antibody and washes,
bound IgG was visualized using an enhanced chemiluminescence
(ECL) detection kit system (PerkinElmer, Shelton, CT). The blots were
further stripped for probing with actin, a-tubulin, or B23 antibodies
(Santa Cruz, CA) as the internal control for total, cytosolic, or
nuclear proteins, respectively.

REVERSE TRANSCRIPTION-POLYMERASE CHAIN REACTION
(RT-PCR) AND REAL-TIME QUANTITATIVE PCR

Expression of §,-GPI mRNA was assessed using RT-PCR and real-
time quantitative PCR. Total RNA from 3 x 10° hepatoma cells
treated with or without H,0, was extracted with 300 pl of TRIzol
reagent (Invitrogen, Carlsbad, CA) according to the manufacturer’s
instructions. A sample of 2 g purified RNA was used to synthesize
the first-strand ¢cDNA in a 20 pl volume reaction with oligo(dT)
primer using the SuperScript First-Strand Synthesis System
(Invitrogen). RT-PCR reactions were then performed in a total
volume of 20 pl containing 10 mM Tris-HCl, 50 mM KCl, 2.5 mM
MgCl,, 0.2 uM each dNTP, 1 M each primer, and 1 U of EXTAQ DNA
polymerase. The RT-PCR was performed on a Peltier Thermal Cycler
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(Model PTC-200, MJ Research, Inc., Waltham, MA) with a preheating
at 95°C for 2 min and 30 cycles of denaturation at 95°C for 30s,
annealing at 56°C for 40s, and extension at 72°C for 45s. The
sequences of the primers were B,-GPI sense 5-CCAGTGCT-
CATCTTGTTCTCG-3’ and antisense 5-GTGTCCCGATAGAGGG
AATTG-3'. As an internal control, the porphobilinogen deaminase
(PBGD) gene was used and the primers were sense 5'-AGGATGGG-
CAACTGTACC-3' and antisense 5'-GTTTTGGCTCCTTTGCTCAG-3'.
The PCR products were separated on 2% (w/v) agarose gels using
0.5x TAE (40 mM Tris/acetic acid and 1 mM EDTA) buffer and
visualized by ethidium bromide staining.

Real-time quantitative PCR with SYBR Green was performed with
LightCycler Carousel-Based System (Roche) according to the
manufacturer’s protocol. The same designed primers and internal
control were used as those in the RT-PCR method. Reaction
condition was 10 min at 95°C, and then 20s at 95°C, 20s at 50°C,
20s at 72°C for 40 cycles. In each PCR reaction, a nuclease-free
water tube was set as a control. Quantification of 8,-GPI mRNA was
calculated by the comparative C; method (2724Ct), as described by
the manufacturer. The B8,-GPI mRNA level was normalized to that of
PBGD and expressed as folds of control.

CLONING, TRANSIENT TRANSFECTION, AND LUCIFERASE ASSAYS
In order to clone the 5'-flanking region spanning from —2207 to +9
of the human B,-GPI gene, a series of sense primers at varying
distances were used to amplify 5’'-deleted promoter fragments. The
upstream sense primers were 5-AAACCTGACCCCCATTATCC-3’
(—2207/—2188) for fragment AP1-1, 5'-GTAGCTAAGCTTGTGA-
CACC-3’ (—2152/—2133) for fragment AP1-2, 5-GAGGCCTT-
CCTTGTGACTTTT-3’ (—2089/—2069) for fragment AP1-3, and
5'-ACACCCCTACCCCAAGTTTC-3" (—1734/—1715) for fragment
NF-kB. The downstream antisense primer was 5'-ACACTGGCAC-
TACCAAAGTGG-3’ (+9/—12). Various deletions of the human B,-
GPI promoter were generated by PCR using high-fidelity ExTAQ
polymerase (Takara Shuzo, Kyoto, Japan) with human genomic DNA
as template. Reporter constructs were generated by subcloning the
human 8,-GPI proximal promoter into the promoterless pGL2-basic
vector (Promega, Madison, WI), which already carries a firefly
luciferase gene. Transient transfections were carried out using
Lipofectamine™ 2000 according to the manufacturer’s instruction
(Invitrogen). Huh7 cells were plated at 4 x 10° per well in 24-well
plates 16 h before transfection. For each transfection, 0.5 ug of pGL2
reporter constructs were transfected with 0.1 ng of the internal
control cytomegalovirus--galactosidase vector (pCMV-B-Gal).
After 20h of transfection, the cells were treated with H,0, for
4h. Each transfection experiment was performed in triplicate and
repeated a minimum of three times. Luciferase and B-galactosidase
assays were carried out as described previously [Wang and Chiang,
2004]. Luciferase activity was measured using a luminometer
(EG&G Berthold, Oak Ridge, TN) and transfection efficiency was
determined by measuring the -galactosidase activity within the
same sample.

ELECTROPHORETIC MOBILITY SHIFT ASSAY (EMSA)
Extracts of nuclear proteins were prepared from Huh7 cells in lysis
buffer [20 mM HEPES; pH 7.4, 10 mM KCl, 1 mM MgCl,, 0.5% NP-

40, 0.5 mM dithiothreitol supplemented with complete protease
inhibitor cocktail (Roche Applied Science)]. After centrifugation at
3,000¢ for 5 min at 4°C, the nuclear pellet was resuspended in 30 pl
of ice-cold extraction buffer [20 mM HEPES; pH 7.4, 0.4M NaCl,
10mM KCl, 1mM MgCl,, 0.5mM dithiothreitol, 20% glycerol
supplemented with complete protease inhibitor cocktail (Roche
Applied Science)]. The concentration of nuclear protein was
measured using the Bradford assay (Bio-Rad). The sense sequences
of probes for AP1-1, AP1-2, AP1-3, and NF-«B are 5-GAGAAAC-
CTGACCCCCATTATC-3, 5'-AGCTAAGCTTGTGACACCATCA-3/, 5'-
GGCCTTCCTTGTGACTTTITAGA-3', 5'-AGCGGAACCTGGGAATTATC-
CA-3/, respectively. The anti-sense sequences for AP1-1, AP1-2, AP1-
3, and NF-kB are 5'-AGGATAATGGGGGTCAGGTTT-3', 5'-CAGCGT-
GATGGTGTCACAAGCT-3/, 5-TCAGTCTAAAAGTCACAAGGAA-3/,
5'-TCTCTGGATAATTCCCAGGTT-3', respectively. Sense and anti-
sense oligonucleotides were heated at 90°C for 5min and slowly
cooled to room temperature. The 3’-end-double-stranded oligonu-
cleotides were labeled with [a->2P]dCTP by fill-in reaction using the
Klenow fragment of DNA polymerase I. For each EMSA reaction, 2 pg
of nuclear proteins were incubated for 15min on ice in 30 ul of
binding buffer. 1 x 10° cpm of the probe was added to each reaction
and the mixtures were incubated at room temperature for 30 min. For
the competition assays, cold oligonucleotides were added to the
binding reactions. Competitors were generated by annealing the
unlabeled sense and antisense oligonucleotides, and were added at
100-fold molar excess for each competition assay. For the supershift
assays, 0.4 g of specific antibodies were incubated with nuclear
extracts for 24 h before adding the labeled probe. Anti-c-Jun, c-Fos,
Jun-D, activating transcription factor-2 (ATF-2), p65, p50, and control
IgG antibodies are obtained from Santa Cruz Biotechnology. The
reaction products were size-fractionated on a 5% non-denaturing
polyacrylamide gel, then run at 250V at 4°C for 2h in Tris/borate/
EDTA buffer. The gel was dried and analyzed using a Phosphorlmager
(Molecular Dynamics, Sunnyvale, CA).

ADMINISTRATION OF siRNA TO CELLS

Double-stranded small interfering RNAs (siRNAs) were obtained from
the National RNAI Core Facility at the Institute of Molecular Biology
(Academia Sinica, Taipei, Taiwan). siRNAs targeting two different
regions in c-Jun (c-Jun-1, c-Jun-2), c-Fos (c-Fos-1, c-Fos-2), p65
(p65-1, p65-2), and p50 (p50-1, p50-2) encode small interfering
oligonucleotides specific for human c-Jun, c-Fos, p65, and p50
genes, respectively. VSV-G-pseudotyped lentiviruses were produced
by cotransfecting 293 T cells with c-Jun siRNA, c-Fos siRNA, p65
siRNA, and p50 siRNA clones as well as two packaging plasmids:
pMD.G and pCMVARS8.91. Infectious lentiviruses were harvested at 48
and 72h after transfection. Huh7 cells were then infected with
lentiviruses containing c-Jun siRNA, c-Fos siRNA, p65 siRNA, p50
siRNA, and [uciferase siRNA (control) according to the lentivirus
infection protocol provided by the National RNAi Core Facility
(Academia Sinica). After 96 h, cells were exposed to 100 uM H,0, for
4h, the lysates then underwent Western blot analysis.

STATISTICAL ANALYSES
Data are given as means + SEM. All experiments were repeated at
least three times independently. Statistical analysis between two

990

H,0, AND 3,-GLYCOPROTEIN I EXPRESSION

JOURNAL OF CELLULAR BIOCHEMISTRY



groups was performed using Student’s t-test. An analysis of variance
(ANOVA), combined with the Tukey’s multiple-comparison test, was
used to evaluate the statistical significance of differences among
cells infected with lentiviruses containing different siRNAs. The
value for P < 0.05 was considered statistically significant.

EFFECT OF H,0, ON ROS PRODUCTION AND CELL VIABILITY

To explore whether H,0, increases intracellular oxidative stress,
ROS were measured in Huh7 cells treated with H,0, at concentra-
tions of 50, 100, and 200 M. As shown in Figure 1A, ROS were
increased at a dose-dependent manner. Since ROS usually result in
cellular damage, we next attempted to clarify whether a higher dose
of H,0, cause cell toxicity by MTT assay. The data suggested that
Huh7 cells were resistant to cell toxicity at 50 and 100 uM H,0,.
However, 200 uM H,0, significantly reduced the cell viability
compared to the controls (Fig. 1B).

EFFECT OF H,0, ON B,-GPlI EXPRESSION AT PROTEIN AND

mRNA LEVELS

To investigate the regulation of (,-GPI expression by oxidative
stress, expression of 3,-GPI protein levels was measured by Western
blot analysis. The level of 3,-GPI protein was highest in Huh7 and
HepG?2 cells treated with 100 wM H,0, for 4 h (Fig. 2A). To elucidate
whether 8,-GPI mRNA level affects the overall 8,-GPI protein level,
the B,-GPI mRNA expression level was determined by semi-
quantitative RT-PCR (Fig. 2B) and real-time PCR (Fig. 2C). We found
that the 8,-GPI mRNA level paralleled the 3,-GPI protein level in
Huh?7 cells, but not in HepG2 cells. Significantly higher levels of 8,-

A
o 20, k%
@
3= *  kk
n £ 1.5]
25
= o 1.0
Ef
S & 0.5
£
£

0.0

0 50 100 200

H202 (uM)

GPImRNA were induced in both Huh7 and HepG2 cells treated with
100 uM H,0, as compared with that in the control group. The
stimulatory effect of H,0, on B8,-GPI mRNA levels in HepG2 cells
was found in a dose-dependent manner.

TRANSCRIPTIONAL ACTIVATION OF B,-GPI PROMOTER ACTIVITY
In order to examine the transcription factors mediating regulation of
the B,-GPI gene, Huh7 cells were transiently transfected with pGL2-
basic luciferease vector containing the S,-GPI promoter carrying
the one NF-kB and three AP-1 cis-elements shown in
Figure 3A. Cells were harvested after 20 h of transfection and then
further incubated with 100 uM H,0, for 4 h. The transcriptional
activity in the NF-kB cis-element-transfected cells treated with H,0,
was 1.24-fold higher compared to the non-H,0, treated cells. In the
three AP-1 cis-element-transfected cells, the relative promoter
activities of the cells with the AP1-1, AP1-2, and AP1-3 reporter
constructs were 1.79-, 1.70-, and 1.45-fold higher compared to the
same vector-transfected cells without H,0, treatment, respectively
(Fig. 3B). To identify the critical cis-elements mediating S,-GPI
transcription, progressive deletions of 5'-flanking region spanning
from —2207 to +9 of the human B,-GPI gene were analyzed
in H,0,-treated cells. As shown in Figure 3B, a significant induction
in promoter activity was found in the transfected cells containing
the NF-«kB, AP1-2, and AP1-3 reporter plasmids in the presence of
100 uM H,0,. However, the extent of the AP1-1 contribution was
found to be much less than those of the other two AP1 sites,
indicating that the AP1-1 site is not an essential regulatory element
for H,0,-stimulated S,-GPI transcription. Taken together, NF-kB
and AP-1 play independent roles in H,0,-stimulated B,-GPI
promoter activity, but a synergistic effect of NF-kB and AP-1
was also detected during H,0,-induced promoter activation.
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Fig. 1. Effect of H,0, on intracellular ROS production and cell viability. A: Huh7 cells (5 x 10* cells/well) were seeded on a 96-well plate in DMEM containing 10% FBS for
24 h. Cells were then loaded with 20 M DCFH-DA followed by treatment with various concentrations of H,0, in a range from 50 to 200 M for 30 min. The fluorescence of the
oxidized dichlorofluorescein was monitored by flow cytometry with an excitation wavelength of 485 nm and an emission wavelength of 538 nm. The value of control group is set
as 1. Values are means & SEM of three independent experiments. “P < 0.05; “*P< 0.01 represent significant differences compared with the control group. B: Huh7 cells were
seeded on a 96-well plate in DMEM for 24 h. Cell viability was measured by MTT assay as described in Materials and Methods Section. The MTT value is expressed as a percentage
of the control group, which is set as 100%. Data represent the mean & SEM of three independent experiments. “P < 0.05 versus control group.
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Fig. 2. H,0,-induced expression of 3,-GPI protein and mRNA in Huh7 and HepG2 cells. A: Cells were stimulated with H,0, at indicated concentrations for 4 h. Thirty
micrograms of protein from the cell lysates were separated by SDS-PAGE and analyzed by Western blot analysis. Representative results from four separate experiments are
shown. The blots were stripped and re-probed with actin to show equal loading of the protein. The intensity of protein band normalized by actin was calculated as the fold of
controls and then depicted as graph bar. Results are represented by the mean + SEM of four independent experiments. “P < 0.05; **P< 0.01 versus control group. B: Cells were
stimulated with H,0, at indicated concentrations for 3 h. Total RNA was harvested by using TRIzol reagent (Invitrogen) for semi-quantitative RT-PCR analysis. The expression of
PBGD mRNA was used as an internal control. A representative blot from four independent experiments is shown. C: The histogram shows the mRNA levels of 4,-GPlin Huh7 or
HepG2 stimulated with H,0, determined by real-time PCR. Results are represented by the mean & SEM of four independent experiments. “P< 0.05 and **P< 0.01 versus

control group.

EFFECT OF H,0, ON AP-1 AND NF-kB TRANSLOCATION

Having shown the involvement of AP-1 and NF-kB in the
transcriptional regulation of the 8,-GPI gene, we next questioned
if the H,0,-stimulation induced translocation of the AP-1 and NF-
kB subunits. To test this possibility, we employed Western blot
analysis with antibodies against c-Jun, c-Fos, Jun-D, and ATF-2
as well as p65 and p50 using proteins from nuclear extracts,
cytosolic fraction, and whole-cell lysates. As shown in Figure 4A,
nuclear translocation of the AP-1 and NF-kB subunits was all
significantly increased in the H,0,-treated Huh7 cells. However,
H,0, did not have remarkable effect on the levels of AP-1 and NF-
kB subunits in the cytosolic fraction and whole-cell lysates.
Similar to the nuclear translocation changes in Huh7 cells, the
levels of c-Jun, c-Fos, Jun-D, as well as p65 and p50 were all

increased in the nucleus of HepG2 cells treated with 100 uM H,0,
(Fig. 4B).B2-GPI

EVIDENCE THAT AP-1 AND NF-kB BIND THE B,-GPl PROMOTER

Since we had shown that AP-1 and NF-kB are required for H,0,-
stimulated activation of B,-GPI promoter, we next examined
whether subunits of AP-1 (c-Jun, c-Fos, Jun-D, and ATF-2) and NF-
kB (p65 and p50) bind to the cis-elements of 8,-GPI promoter. It was
found that there was differential induction of the AP-1 and NF-kB
complexes on H,0, treatment. As shown in Figure 5A-C, the
binding of nuclear protein to the AP1-2, and AP1-3 sites was
stronger than to the AP1-1 site. EMSA also revealed that there was
interaction with the responsive element upstream of B,-GPI
promoter via the H,0,-activated transcription factor NF-kB
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Fig. 3.

Relative luciferase activity

Effect of H,0, on the promoter activity of £,-GPI reporter constructs containing putative AP-1 and NF-kB cis-elements in Huh7 cells. A: Schematic representation of

the 5'-flanking region of the human 4,-GPI gene. Numbers indicate the position of the putative AP-1 and NF-«B relative to the S,-GPI transcription initiation site (+1). B:
Schematic representation of the 5'-flanking deletion fragments cloned into the pGL2-basic luciferase vector in front of the luciferase reporter gene. Huh7 cells were transiently

transfected in triplicate with 0.5 g of the indicated reporter gene construct along with the pCMV-3-Gal expressing 3-galactosidase, in the absence (set as control) or presence
of 100 uM H,0,. The luciferase activity of each reporter construct was normalized with the B-galactosidase activity for correction of transfection efficiency. The relative
luciferase activity is indicated as the relative value of the control (set as 1). Results are represented by the mean & SEM of at least three independent experiments. “*P< 0.01

versus control group; P < 0.05 versus adjacent group.

(Fig. 5D). Competition assays with unlabeled probes confirmed the
specificity of the AP-1 and NF-«B binding. The band intensities were
remarkably diminished by preincubation of the nuclear extracts
with antibodies against c-Jun, c-Fos, Jun-D, and ATF-2 as well as
against p65 and p50, though the presence of supershifted bands was
not prominent. Nevertheless, a control IgG antibody failed to
attenuate the band intensities or elicit a supershift band. The results
from the EMSA indicate that AP-1 and NF-«B are essential elements
involved in the control of 8,-GPI transcription.

To further identify the involvement of AP-1 and NF-«B in
the H,0,-activated B,-GPI protein expression, we generated
lentiviral vectors expressing siRNAs for knockdown of the c-Jun,
c-Fos, p65, and p50 genes. The efficacy of siRNAs in gene
knockdown and the effect of gene silencing on H,0,-mediated
induction of (3,-GPI expression are shown in Figure 6. These data
showed that silencing either AP-1 (Fig. 6A) or NF-«B (Fig. 6B)
resulted in abrogation of the induction of B,-GPI expression
by H,0,. These data provide evidence that transcription factors

AP-1 and NF-kB were involved in the H,0,-induced {,-GPI
expression.

B,-GPI is mainly produced by the liver and behaves as survival
factor for hepatocytes [Averna et al., 2004]. There is a wide range of
interindividual variation in plasma levels of B,-GPI that is thought
to be under genetic control [Mehdi et al., 2003]. However, gene
regulation of B,-GPI expression still remains unknown. Recently,
we have reported that increased (,-GPI expression has been
observed in the human atherosclerotic lesions [Lin et al., 2005] and
several putative binding sites for AP-1 and NF-kB have been
identified upstream of the promoter region of the B,-GPI gene
[Wang and Chiang, 2004]. Despite the importance of the proximal
promoter in controlling B,-GPI transcription, little information is
available on the mechanisms by which transcription factors interact
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Fig. 4. Effect of H,0, on nuclear translocation of AP-1 and NF-«B subunits in Huh7 (A) and HepG2 (B) cells. Cells treated with 100 nM H,0, for 1 h and the protein levels of
AP-1 (c-Jun, c-Fos, Jun-D, and ATF-2) and NF-kB (p65 and p50) subunits were monitored in the nuclear extracts as well as cytosolic fraction or whole-cell lysates by Western
blot analysis. The representative results from four separate experiments are shown. The expression of B23 and a-tubulin was used as the internal control for nuclear and
cytosolic protein, respectively. The intensity of protein band normalized by the internal control was calculated as the fold of controls and then depicted as graph bar. Results
represent means & SEM of four independent experiments. “P < 0.05 and **P<0.01 versus control group.
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Fig. 5. Electrophoretic mobility shift assay of the putative AP-1 and NF-«B cis-elements derived from human S,-GPI gene promoter in Huh7 cells. Cells were treated with
100 M H,0, for 1 h and nuclear extracts from the treated cells were analyzed by EMSA. The 2P-labeled DNA fragments from —2210 to —2187 (AP1-1) (A), —2150 to —2124
(AP1-2) (B), —2087 to —2062 (AP1-3) (C), and —1438 to —1413 (NF-«B) (D) of the human £,-GPI gene promoter were used as probes. Lane 1: probe alone; Lane 2: nuclear
extracts from non-treated cells; Lane 3: nuclear extracts from Huh7 cells treated with 100 wuM H,0,; Lane 4: nuclear extracts from H,0,-treated cells in the presence of
unlabeled specific competitors; Lanes 5-9: nuclear extracts from H,0,-treated cells in the presence of AP-1, NF-kB, or control IgG antibodies. Shown are representative gels of

more than four separate experiments.

this promoter. AP-1 and NF-kB are known as the redox-sensitive
transcription factors [Karin et al., 2001; Surh et al., 2005]. In the
present study, we disclosed for the first time that AP-1 and NF-«B
are involved in the regulation of B,-GPI gene expression in
hepatoma cells under oxidative stress.

Oxidative stress is widely recognized as a major risk factor in
organ injuries that lead to either acute or chronic disease [Harrison
et al., 2003; Madamanchi et al., 2005; Dalle-Donne et al., 2006;
Naziroglu, 2009]. Recent studies have suggested that H,0, induces
tissue cell damage via oxidative stress [Qamar and Sultana, 2008;
Uguz et al., 2009; Xu et al., 2009]. The present study with H,0, as the
oxidative stress revealed that H,0, significantly enhances the
expression of 3,-GPI both at mRNA and protein levels. These results
provide a clue to explain the biological significance of 3,-GPI in the
oxidative stress-induced damage in various tissues [Lin et al., 2001,
2005].

The mechanism of B,-GPI gene regulation would seem to be
mediated through the response elements in the 5'-flanking region.
In this report, we identify several binding sites of AP-1 and NF-«B
located between —2207 and —1378 with respect to the transcription
start site. AP-1 and NF-«B are transcription factors involved in a wide
range of physiological functions, such as apoptosis, cell cycle control,
and carcinogenesis [Shen et al., 2005; Zhou et al., 2007]. Cooperation
with different signaling pathways, AP-1 and NF-«B play an important
role in extensive nucleosome reorganization and regulation of target
gene expression [Johnson et al., 2004; Ndlovu et al., 2009]. In the
present study, promoter deletion analysis revealed that putative
binding sites for AP-1 and NF-kB are essential for up-regulation of
B,-GPI gene expression in H,0,-stimulated Huh7 cells. The results of
luciferase assay indicate that AP-1 and NF-kB play independent roles
in H,0,-stimulated 8,-GPI promoter activation and the effects of AP-1
and NF-kB on B,-GPI transcription are synergistic.

JOURNAL OF CELLULAR BIOCHEMISTRY

995

H,0, AND 3,-GLYCOPROTEIN I EXPRESSION



Bz'GPl-EhE" -
C-JUn | s s o e - -

el
o ©»

PB2-GPI protein levels
(fold of control)

1.5
1.0
0.5
0.0-
HO, - + + + + + +
SiRNA - - &NV N
e
L pa T Al VA ¢

Fig. 6.

B "
B-GPI |55 B &% 5= = 5=
PE5 | w- w- ——

Actin | e e == e o -

ek

B2-GPI protein levels
(fold of control)

Effect of siRNAs targeting AP-1 (A) and NF-«B (B) genes on (3,-GPI expression in Huh7 cells. Cells were infected with lentiviruses targeting different regions of AP-1

and NF-«B genes by c-Jun siRNA (c-Jun-1, c-Jun-2), c-Fos siRNA (c-Fos-1, c-Fos-2), p65 siRNA (p65-1, p65-2), p50 siRNA (p50-1, p50-2), and a control siRNA for 4 days.
Cellular protein was extracted from siRNA-infected cells treated with or without H,0, for 4 h. The cellular proteins were separated by SDS-PAGE for immunoblot analysis with
c-Jun, c-Fos, p65, or p50 antibodies. Results are represented by the mean 4+ SEM of three independent experiments. **P< 0.01 versus non-H,0, treated group; *P< 0.05 and

##p < 0.01 versus control siRNA infected group.

AP-1 is a group of transcription factors composed of hetero- or
homodimer subunits of protein from the Jun and Fos families as well
as the Jun dimerization partner (JDP) and ATF subfamilies [Angel
and Karin, 1991; Wisdom, 1999; Hess et al., 2004]. AP-1 is able to be
activated by various stimuli, including inflammatory cytokines,
growth factors, and oxidative stress [Hsu et al., 2000; Surh et al.,
2005]. c-Jun-NH,-terminal kinase (JNK) is one of the kinases that
regulates the activation of AP-1 transcription factor. Upon
stimulation, JNK enters the nucleus to induce phosphorylation of
AP-1 subunits and result in the regulation of gene expression.
Different types of AP-1 complexes are functionally distinct and may
regulate different target gene [Karin et al., 1997; Liu et al., 2009]. The
NF-kB family comprises five members, RelA (p65), RelB, c-Rel, p50/
p105 (NF-kB1), and p52/p100 (NF-kB2) [Hayden and Ghosh, 2004].
The predominant NF-kB dimers are subunits of p50 and p65. NF-«B
is maintained in the cytoplasm of non-stimulated cells through
interaction with one of the inhibitory IkB proteins (IkBa, IkBf, and
IkBg). Upon phosphorylation of the IxB residues by IkB kinase (IKK),
NF-«kB subunits are released, allowing nuclear translocation
[Hayden and Ghosh, 2004]. Activation of AP-1 or NF-«B in cells
may be assessed by measuring increased subunit translocation from
the cytoplasm to the nucleus. Reports have indicated that ROS can
act as signaling messengers to activate these transcription factors
[Griendling et al., 2000; Thannickal and Fanburg, 2000]. We
hypothesize that the increase in H,0,-stimulated expression of §,-
GPI gene may in part be as a result of increased activation of AP-1
and NF-kB.

Our results show that H,0, exposure produced a significant
increase in nuclear AP-1 and NF-«B subunits. These results suggest
that increases in nuclear AP-1 and NF-kB translocation lead to
increases in the physical binding of the activated subunits to their
corresponding sites in the upstream of 8,-GPI gene promoter. To
further clarify the involvements of the three AP-1 sites and one NF-
kB site in the B,-GPI gene regulation, EMSA was conducted to
compare the binding activities in cells treated and untreated
with H,0,. We identified the transcription factors of c-Jun, c-Fos,
Jun-D, and ATF-2 as well as p65 and p50 which were recruited to the
nucleus and enhanced the interaction between the transcriptional
factor and the corresponding cis-element in the 8,-GPI promoter. It
was evident that induction of trans-factor binding at the AP1-2, and
AP1-3 sites displayed greater binding activities than at the AP1-1
site. It seems that physical interaction between AP-1 and AP1-1 site
is not essential for the transactivation of 8,-GPI gene expression
by H,0,, but that the cooperative actions of the other cis-element
binding contribute to the regulation of B,-GPI transcription.
Furthermore, we have performed functional approach by siRNA to
unravel the involvement of AP-1 and NF-kB in H,0,-induced (3,-
GPI expression.

In this study, we expand our knowledge of B,-GPI gene
regulation in hepatoma cells under oxidative stress. As illustrated
in Figure 7, our data show that H,0, increases ROS formation as well
as AP-1 and NF-kB activation. We provide evidence that AP-1 and
NF-kB subunit translocation, trans- and cis-element interactions,
promoter activity of 8,-GPI gene, 3,-GPI expression both at protein
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Fig. 7. Hypothetic mechanisms of H,0, in the regulation of 4,-GPI gene
expression in hepatoma cells.

and mRNA levels could all be enhanced by H,0, treatment. These
results reveal a novel molecular mechanism involved in 8,-GPI gene
regulation under oxidative stress.
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