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Regulation of ANp63a by NFkB
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ANp63q, the dominant negative isoform of the p63 family is an essential survival factor in head and neck squamous cell
carcinoma. This isoform has been shown to be downregulated in response to several DNA damaging agents, thereby
enabling an effective cellular response to genotoxic agents. Here, we identify a key molecular mechanism underlying
the regulation of ANp63a expression in response to extrinsic stimuli, such as chemotherapeutic agents. We show that
ANp63a interacts with NFkB in presence of cisplatin. We find that NFkB promotes ubiquitin-mediated proteasomal
degradation of ANp63a. Chemotherapy-induced stimulation of NFkB leads to degradation of ANp63a and augments
trans-activation of p53 family-induced genes involved in the cellular response to DNA damage. Conversely, inhibition of
NFkB with siRNA-mediated silencing NFkB expression attenuates chemotherapy induced degradation of ANp63a. These
data demonstrate that NF«kB plays an essential role in regulating ANp63a in response to extrinsic stimuli. Our findings
suggest that the activation of NFkB may be a mechanism by which levels of ANp63a are reduced, thereby rendering the
cells susceptible to cell death in the face of cellular stress or DNA damage.

Introduction

The p63 protein is expressed in the basal cells of stratified epi-
thelium such as breast, prostate, skin, cervix and other tissues.!
Recent studies demonstrate the necessity of ANp63a in the cel-
lular survival of head and neck squamous cell carcinoma.? Both
p63 and p/3 genes encode proteins that possess transactiva-
tion, DNA binding and oligomerization domains similar to p53
domains. However, unlike p53, p73 and p63 genes, each contain
two independent promoters and make significant use of differen-
tial splicing at the gene’s 3" end, hence yielding an array of at least
six unique proteins that form two distinct classes: those contain-
ing an amino acid terminus (called TAp73 and 7A4p63) and those
that are truncated (called ANp/3 and ANp63) with no amino-
terminus region.»?® Both p63 and p73 are homologs of p53 fam-
ily and are known to be inversely affected by cisplatin. We and
others have shown the degradation of ANp63a in response to
DNA damaging agents like UV, paclitaxel and cisplatin.”

The NFkB family of proteins are usually sequestered in the
cytoplasm of cells, where it remains inactive through interac-
tion with inhibitory proteins known as IkB.*!° Stimulation by
a variety of extracellular stimuli leads to the phosphorylation of
IkB, leading to the activation of NFkB and its translocation into
the nucleus. The IkB is there after degraded by the 26S protea-
some."” The two related kinases that phosphorylate the IkB are
composed of a 700 kDa kinase complex, whose activities are
increased in the presence of stimuli like TNFa and IL-1."*" The
high molelular complexes are composed of two catalytic subunits

IKKB and IKKa and a regulatory subunit IKKy (NEMO).
Although the degradation of IkB is sufficient to cause nuclear
translocation of NFk[3, but other events can affect the NF«B’s
ability to regulate other proteins. The translocation of NFkB to
nucleus has been associated with immune reactions, cell prolif-
eration, apoptotic cell death, tumor proliferation and even ubi-
quitination.”" Also inhibition of NFkB in cancer cells has been
associated with tumor proliferation.?” Additionally inhibition of
NFkB has been reported to enhance chemotheraupetic sensitiv-
ity."** Also, activation of NFkB leads to promotion of apopto-
sis, depending on the cell type and stimuli.? Studies reveal that
stimulation of NFkB limits the upregulation of p75 in T cells,
though the precise mechanism remains to be determined.?* In
addition it has been reported that p53 is a direct transcriptional
target of NFkB and that inhibition of NFkB activation leads to
sequestering of p53 activation signal.®?% Our recent publication
demonstrate that NFkB targeting kinase, IKKf plays an essen-
tial role in regulating ANp63a  in response to extrinsic stimuli
and that the activation of IKK may be a mechanism by which
levels of ANp63a are reduced, thereby rendering the cells suscep-
tible to cell death in the face of cellular stress or DNA damage.?

In this study we report for the first time that NFkB stimulates
the ubiquitin-dependent proteasomal degradation of ANp63a.
Further our current studies in head and neck cancer cells shows
an accumulation of NFkB in the nucleus in response to cisplatin
and that ANp63a physically interacts with NFkB in presence of
Cisplatin. Ectopic expression of NFkB led to a decrease in the
levels of ANp63a. Further, reduction of NFkB by RNAI resulted
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Figure 1. NFkB/p65 interacts with and regulates ANp63a in response to cisplatin. (A) Loss of
ANp63a and nuclear accumulation of NFkB/p65 in JHU-022 cells in response to treatment
with cisplatin. At the indicated time periods after treatment with cisplatin, JHU-022 cells were
fractionated into nuclear and cytoplasmic fractions and analyzed by immunobloting with
the indicated antibodies. (B) Complex formation between ANp63a with NFkB/p65. (i) JHU-
022 cells were transfected with NFkB/p65 or empty Flag-vector and treated with cisplatin

or vehicle as indicated. Whole cell lysates were immunoprecipitated with either anti-flag

or anti-NFkB/p65 matrix, as indicated, and subjected to western blot analysis using anti-
p63 antibody, as indicated. (ii) JHU-022 cells were transfected with Flag-ANp63a or empty
Flag-vector and treated with cisplatin or vehicle as indicated. Immunoprecipitation was
performed using anti-flag matrix and the membrane was blotted with NFkB/p65 antibody,

may play a role in the reduction of ANp63a
in response to cisplatin treatment. To explore
this notion, we investigated whether ANp63at
physically interacts with either NFkB in JHU-
022 cells transfected with expression vectors
encoding NFkB/p65. Immunoblot analysis
with an anti-p63 antibody demonstrated the
presence of endogenous ANp63a in anti-
NFkB/p65 precipitated immune complexes
from transfected cell lysates in presence of
cisplatin (Fig. 1Bi). Conversely, immunob-
lot analysis with an anti-NFkB/p65 specific
antibody revealed the presence of NFkB/
p65 in anti-flag immunoprecipitates derived
from lysates of JHU-022 cells transfected
with Flag-ANp63a in presence of cisplatin
(Fig. 1Bii). We could not detect any interac-
tion between ANp63a and NFkB in absence
of cisplatin (data not shown). The interaction
between endogenous ANp63a and NFkB/
p65 was established by immunoblot analysis
of anti-p63 immunoprecipates with an anti-
NFkB/p65 antibody (Fig. 1Ci), and further
confirmed by immunoblot analysis of anti-
NFkB/p65 immunoprecipates with an anti-
p63 antibody in presence of cisplatin (Fig.
1Cii). These results confirmed the interaction
between ANp63a and NFkB/p65 complex.
NF«kB/p65 mediates the reduction of
ANp63a levels by cisplatin. JHU-022 cells
were transfected with expression vectors
encoding the wild-type NF«kB/p65. Forced
overexpression of NFkB/p65 significantly
decreased the steady state levels of ANp63a
in JHU-022 cells (Fig. 2A). To determine

anti-p63 antibody, as indicated.

as indicated. (C) Immunoprecipitates of JHU-022 cell lysates using either anti-p63 (i) or anti-
NFkB/p65 (ii) antibody were subjected to immunoblot analysis using either anti-NFxB/p65 or

whether NFkB/p65 directly affects the sta-
bility of ANp63a, we examined the effect of
co-transfecting a p63- and p53-deficient lung

in a significant attenuation of the cisplatin-mediated degradation
of ANp63a. Taken together, this data suggest that NFkB par-
ticipates in the regulation of the steady-state level of ANp63a
and may be one of the major determinants of cellular response
to cisplatin.

Results

NFkB/p65 interacts with and regulates ANp63a in response
to cisplatin. We examined the effect of cisplatin on expression
of ANp63a in JHU-022 HNSCC cells. Treatment of cells with
cisplatin resulted in decreased levels of ANp63a within 8 h of
exposure (Fig. 1A). The loss of ANp63a in response to cispla-
tin was associated with concomitant accumulation of NFkB/p65
in the nuclear fractions of treated cells (Fig. 1A). This inverse
relationship raised the possibility that activation of NFkB/p65
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cancer cell line (H1299) with an expression
vector encoding ANp63a and an expression
vector encoding NFkB/p65. Forced expression of NFkB/p65,
resulted in a dose-dependent decrease in levels of expression of
exogenous ANp63a (Fig. 2B). These data indicate that NFkB/
p65 directly reduces the stability and/or promotes the degrada-
tion of ANpG63a.

To determine whether activation of NFkB/p65 is required for
the reduction of endogeous ANp63a, we examined the effect of
silencing the expression of NFkB/p65 with expression vectors
encoding either NFkB/p65 RNAI. Transfection of JHU-022
cells with NFkB/p65 RNAI plasmid, led to significant restora-
tion of ANp63a basal expression levels (Fig. 2C). To determine
whether NFkB/p65 is required for the degradation of ANp63a
in response to cisplatin, endogenous NFkB/p65 was knocked
down with transfection of the respective NFkB/p65 RNAI plas-
mid. Inhibition of NFkB/p65 expression by RNAI attenuated
the degradation of ANp63a in response to cisplatin (Fig. 2D).

Volume 9 Issue 24



NF«B/p65 promotes ubiquitin-mediated proteasomal deg-
radation of ANp63a. Phosphorylation of substrates, such as IkB
proteins, by the IKK complex targets them for ubiquitin-medi-
ated proteasomal degradation. We recently showed that IKK(
promotes proteosomal degradation of ANp63a.?® To determine
whether NFkB, a downstream target of IKKP promotes protea-
somal degradation of ANp63a, JHU-022 cells were transfected
with an expression vector encoding NFkB/p65, and then either
treated with the proteasome inhibitor, MG132 or left untreated.
Whereas expression of NFkB/p65 via transfection resulted in
loss of endogenous ANp63a, treatment of transfected cells
with MGI132 significantly attenuated NFkB/p65—mediated
degradation of ANp63a (Fig. 3A). These data suggested that
the reduction of ANp63a by NFkB/p65 may involve protea-
some-mediated degradation. To directly assess whether NFkB/
p65 reduces the stability of ANp63a protein, we analyzed the
effect of expressing NFkB/p65 on the half-life of ANp63a in
JHU-022 cells. Cells were co-transfected with a plasmid encod-
ing ANp63a and an expression vector encoding NFkB/p65, and
then exposed to cycloheximide at 24 h following transfection.
Immunoblot analysis of ANp63a at serial time intervals showed
that expression of NFkB/p65 decreased the half-life of ANp63a
(Fig. 3B). To confirm the effect of NFkB/p65 on the half-life of
ANp63a, JHU-022 cells were transfected with a control vector
or NFkB/p65 RNAI vector, and exposed to cycloheximide 24 h
following transfection. Immunoblot analysis of ANp63a at serial
time points showed that the NFkB/p65 silencing by RNAi pro-
longs the half-life of ANp63a (Fig. 3C).

Since NFkB/p65 interacts with ANp63a and promotes its
degradation, we next investigated whether the ubiquitin-prote-
asome pathway is involved in this process. JHU-022 cells were
co-transfected with Flag-ANp63a and Ub-HA expression plas-
mids, with or without increasing concentrations of an expression
vector encoding NFkB/p65. At 36 h following transfection, cells
were treated with MG132 for 10 h. Cell lysates were immuno-
precipitated with anti-HA-matrix and subjected to western blot
analysis with an antibody that recognizes ANp63a. Expression
of NFkB/p65 resulted in a dose-dependent elevation of the ubig-
uitination of ANp63a protein (Fig. 3D and compare lane 2 to
lanes 3 and 4). These data demonstrate that NFkB/p65 promotes
ubiquitin-mediated degradation of ANp63c.

NFkB/p65 counteracts the repressive transcriptional activity
of ANp63a. Since NFkB/p65 promoted the ubiquitin-mediated
degradation of ANp63a, this raised the possibility that NFkB/
p65 may enhance p53-dependent transactivation of genes. We
investigated the effect of NFkB/p65 on the repressive transcrip-
tional activity of ANp63a on two well known targets, p21(WAF1/
CIPI) and BAXin JHU-022 cells. Forced expression of ANp63a
via introduction of the ANp63a expression plasmid resulted in a
significant reduction of the activity of Bax and p21¥*! reporter
plasmids in JHU-022 cells (Fig. 4A). However, co-transfection
of an expression vector encoding NFkB/p65 counteracted the
repression of either promoter by ANp63a (Fig. 4A). As previ-
ously noted, JHU-022 cells that were transfected with the NFkB/
p65 expression plasmid expressed very low levels of endogenous

ANp63a; forced overexpression of NFkB/p65 in these cells was
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Figure 2. NFkB/p65 mediates the reduction of ANp63« levels by cis-
platin. (A and B) JHU-022 and p53/p63 deficient H1299 cells were trans-
fected with increasing concentrations (0, 0.5, 1 and 1.5 .g) of NFkB/
p65 expression plasmids as indicated; western blot was performed
using the indicated antibodies. p53/p63 deficient H1299 cells were also
transfected with 1 g of ANp63a expression plasmid. (C) JHU-022 cells
were transfected with increasing concentrations of either NFkB/p65
RNAi plasmid and subjected to western blot analysis using anti-p63 an-
tibodies to assess the endogenous levels of p63. (D) JHU-022 cells were
transfected with or without NFkB/p65 plasmid 24 h after transfection,
the cells were treated with or without 75 wM cisplatin for 8 h, and cell
lysates were subjected to western blot using anti-p63 antibodies.

paralleled by an increase in levels of ANp63a target proteins such
as Bax and p21¥**! (Fig. 4B). To determine the molecular mech-
anism by NFkB contributes to the degradation of ANp63a , we
focused on the transactivation domain of NFkB/p65. Deletion
mutant of NFkB/p65A450 was used, which lacked the activation
domain but retained the nuclear localization domain. Forced
expression of NFkB/p65A450 did not affect the activity of either
the Bax or the p21¥*™ reporter plasmids (Fig. 4A). We further
examined the effect of NFkB/p65A450 on the steady state lev-
els of ANp63a in JHU-022 cells, which remained unaffected
(Fig. 4C). Consistent with their respective effects on the activ-
ity of Bax and p21™*F! reporter plasmids, forced expression of

NFkB/p65A450 did not affect the expression of endogenous p21
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and Bax proteins (Fig. 4C), suggesting that the transactivation
property of NFkB/p65 is required for degradation of ANp63ct.

Discussion

p63 activity depends on its steady state protein level and number
of evidences suggests that post-translation regulation of the pro-
tein plays a major role in response to chemotheraupetic drugs.”®
Inhibition of ANp63a by lentivirus RNAi in HNSCC cells
induces the expression of pro-apoptotic genes, Puma and Noxa,
suggesting that ANp63a is required for cell survival.? As JHU-
022 cells overexpresses ANp63a and undetectable amounts of
TAp63a,*® our current study is limited to ANp63a only. We
observed a decrease in ANp63a protein levels on cisplatin treat-
ment and a reversion of the same when treated with MG132.
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Figure 3. NFkB/p65 promotes ubiquitin-mediated proteasomal degra-
dation of ANp63a. (A) JHU-022 cells were transfected with or without
an expression plasmid encoding NFkB/p65; 24 h after transfection, cells
were treated with 10 M MG132 for the indicated time periods. Whole
cell lysates were subjected to western Blot analysis using anti-NFkB/p65
or anti-p63 antibodies. (B) JHU-022 cells were transfected with constant
amount of ANp63a expression plasmid with or without expression
plasmids encoding NFkB/p65, or empty vector, as indicated. 24 h after
transfection, the cells were treated with 100 p.g/ml cycloheximide. At
the indicated time points, whole cell lysates were analyzed for ANp63a
by immunoblotting. Actin was used for loading control. (C) JHU-022
cells were transfected with constant amount of NFkB/p65 RNAi expres-
sion plasmid. 24 h after transfection, the cells were treated with 100 p.g/
ml cycloheximide. At the indicated time points, whole cell lysates were
analyzed for endogenous ANp63a by immunoblotting. Actin was used
for loading control. (D) JHU-022 cells were co-transfected with ANp63a
and Ub-HA expression plasmids, with or without increasing concentra-
tions of an expression vector encoding NFkB/p65. At 36 h following
transfection, cells were treated with MG132 for 10 h. Cell lysates were
immunoprecipitated with anti-HA-matrix and subjected to western
blot analysis with an antibody that recognizes ANp63a to assess the
ubiquitination levels of ANp63a.

We demonstrate here a physical interaction between NFkB/p65
and ANp63a in the presence of cisplatin. We further report that
NFkB/p65 promotes ubiquitin-dependent proteosomal turnover
of ANp63a. The cisplatin-mediated degradation of ANp63a
was dependent on NFkB/p65 as evidenced by the RNAi medi-
ated knock down of NFkB/p65 whereby knockdown of NFkB/
p65 by RNAI attenuated the cisplatin mediated degradation of
ANp63a. In this study we found that cisplatin treatment leads
to accumulation of NFkB/p65 in the nucleus. Our current find-
ings therefore entail both a novel role of NFkB/p65 in regulat-
ing the DNA damage response and a new regulatory pathway of
ANp63a.

Studies have demonstrated that IKKB and not IKKa is
largely responsible for cytokine induced IkB degradation and
nuclear translocation of NFkB. Studies also indicate that acti-
vation of NFkB leads to significant instability of p73.'® Various
anti-cancer agents like camptothecin, doxorubicin and paclitaxel
have been shown to significantly promote nuclear translocation
of NFkB.?-3! According to our present study, cisplatin leads to
an endogenous activation of NFkB resulting in the significant
decrease in the stability of ANp63a.. We could detect a physi-
cal interaction between NFkB/p65 and ANp63a only in the
presence of cisplatin, which supports our observation of cispla-
tin mediated translocation of NFkB to nucleus. But even in the
absence of cisplatin we observe the steady state level of ANp63a
affected by forced overexpression of NFkB, which might be
through an indirect mechanism. This is in agreement with the
observation of Kikuchi et al., where they report NFkB depen-
dent ubiquitin-dependent proteasomal degradation of p73 in
the absence of any physical interaction between the two pro-
teins.'® IKKB has been shown to phosphorylate Serine 536 in
the transactivation domain of NFkB/p65, which is necessary for
activation of NFkB.?? Deletion of the transactivation domain
of NFkB/p65 failed to affect the steady state level of ANp63a,
raising the possibility that the transactivation domain of NFkB
might be required for degradation of ANp63a. It has been well
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Figure 4. NFkB/p65 counteracts the repressive transcriptional activity of ANp63a. (A) JHU-022 cells were transfected with either p21 or Bax luciferase
promoter construct along with Renilla luciferase plasmid, with or without NFkB/p65 or NFkB/p65A450 and/or ANp63«, as indicated. The amount

of DNA per transfection was kept constant by using empty pCDNA3.1 vector. At 24 h post-transfection, the luciferase activity was determined. The
transfection efficiency was standardized against Renilla luciferase. Results shown are representative of three independent experiments. *indicated p
< 0.001. (B) JHU-022 cells were transfected with increasing concentrations of NFkB/p65 expression plasmid and western blot analysis was performed
with the indicated antibodies to assess the endogenous levels of the indicated proteins. (C) (i) JHU-022 cells were transfected with empty vector or
expression vector encoding NFkB/p65A450, and western blot analysis was performed with the indicated antibodies to assess the endogenous levels
of the indicated proteins. (ii) A diagramatic representation of the NFkB/p65 domains.

established that IKKP is required for both NFkB liberation and
p65 phosphorylation, where as IKKa is solely required for cyto-
kine-induced phosphorylation and activation of NFkB/p65.% It
is likely that IKK is critical for NFkB activation and not IKKa.
Studies indicate that IKK physically binds to ANp63a both in
the presence of cisplatin and decreases the steady state level of the
protein.”®

ANp63a represses transactivation of both the p21 and Bax
promoter-luciferace vector.”® We show here that presence of
NFkB (which we demonstrate decreases ANp63at levels) further
enhances the promoter-luciferace activity of both p21 and Bax.
It is becoming evident that not all cellular proteins are subjected
to ubiquitination-dependent protesomal turnover. It is thus clear
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that the degradation/stabilization mechanism of ANp63a is dif-
ferent from those of p73 and p53, indicating that another as yet
unknown pathway may target ANp63a. Finally, the ability of
NF«kB to affect the steady state level of ANp63a in response to a
chemotherapeutic drug is a novel mechanism that may regulate
cellular survival and death to different cellular stress.

Materials and Methods
Plasmids. ANp63a-Flag was by obtained PCR amplification of
ANp63a ¢cDNA and cloned into the BamHI and Nod sites of

pCDNA3.1/hygro (Invitrogen, Carlsbad, CA). NF«kB plasmid
pCMV4/p65 and pCM V4/p65A450 were kindly provided by Dr.
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Green (Gladstone Institute of Virology and Immunology, UCSF,
CA). Plasmid HA-Ub construct was kindly provided by Dr.
Bohmann (University of Rochester, NY). Bax-Luciferace expres-
sion vector was kindly provided by Dr. John Reed (Burnham
Institute for Medical Research, CA) and p21¥A*!-Luciferace con-
struct was a kind gift from Prof. Bert Vogelstein (Johns Hopkins
University, Baltimore, MD). All clones were sequenced to rule
out any mutation.

Cell cultures and transfection. Human head and neck cancer
cell line JHU 022 and Human lung carcinoma cell line (H1299)
were maintained in RPMI supplemented with 10% heat-inacti-
vated fetal bovine serum (FBS; Invitrogen, Carlsbad, CA), 100
U/ml penicillin and 100 pg/ml streptomycin. Cells were main-
tained in a humidified atmosphere containing 5% CO, at 37°C.
H1299 and JHU 022 cells were transiently transfected with the
indicated expression plasmids using FuGENE HD transfection
reagent (Roche Molecular Biochemicals, Indianapolis, IN) in
accordance with the manufacturer’s specifications. NFkB, RNAi
were obtained from Imgenex (San Diego, CA). 48 h post-trans-
fection the cells were treated with or without 75 wM cisplatin
before harvesting them for cellular lysates.

Antibodies and immunoblot analysis. Monoclonal anti-p63
(4A4), monoclonal anti-HA, polyclonal NFkB/p65, antibody
were obtained from Santa Cruz Biotechnology (Santa Cruz, CA),
monoclonal anti-FLAG (M2) and anti-B-Actin antibodies were
obtained from Sigma Chemicals (St. Louis, MO). Western blot
was performed as described in reference 7. Nuclear and cytoplas-
mic fractions were prepared as described in reference 14.

Immunoprecipitation analysis. Cells were transfected with
various constructs and after 48 h were washed with PBS and
lysed using TRITON-X lysis buffer (50 mM Tris-HCI, pH 7.4;
150 mM NaCl, I mM EDTA; 1% TRITON-X100) containing
protease and phosphatase inhibitor cocktails (Sigma Chemical
Co.). Lysates were pre-cleaned with protein A-sepharose beads
and then incubated for 2 h at 4°C with primary antibody or
affinity matrix. The immune complexes were precipitated with
protein A-Sepharose beads for 4 h at 4°C, and the nonspecific
bound proteins were removed by washing the beads with the
NP-40 lysis buffer three times at 4°C. The beads were loaded in
Laemmli sample buffer directly and analyzed by immunoblot-
ting with indicated antibody.

Ubiquitination assay. 022 cells were transiently co-trans-
fected with the expression plasmid for HA-tagged ubiquitin, and
Flag-ANp63a together with or without increasing amounts of
NFkB/p65 expression plasmid as indicated. Total amounts of
transfected DNA were kept constant by pcDNA3.1 (Invitrogen)
per transfection. 48 h after transfection, cells were treated with
25 WM MG-132 and collected in lysis buffer (50 mM Tris-HCI,

pH 7.4; 150 mM NaCl, 1 mM EDTA; 1% TRITON-X100)
containing protease and phosphor inhibitors (Sigma Chemical
Co.). Ubiquitinated proteins were recovered by HA resin (Sigma)
and analyzed by immunoblotting with the anti-Flag or anti-p63
antibody.

Measurement of p63 halflife. Cycloheximide (100 pg/ml)
(Sigma) was added to 022 cells 24 h after transfection with the
indicated combination of plasmids. Protein levels were deter-
mined by collecting cells at the indicated time points and immu-
noblotting was performed as described above. The membrane
was re-probed with 3-Actin to confirm for equal loading.

Promoter luciferase activity assays. 022 cells were transiently
transfected with the Bax and p21¥A™! reporter plasmids along
with 500 ng of ANp63a expression plasmid (where indicated)
in the presence or absence of 1.0 g of NFkB/p65 or NFkB/
p65A450 expression plasmid and the empty pGL3-Basic vec-
tor were using FUGENE HD according to the manufacturer’s
protocol (Roche, Indianapolis, IN). DNA concentration in
each transfection was kept constant using pCDNA3.1 plasmid.
(Invitrogen, Carlsbad, CA). The transfection efficiency was
determined by the Renilla luciferase gene-containing pRL-CMV
plasmid (Promega, Madison, W1I). 48 h after transfection, cells
were washed twice with phosphate-buffered saline (PBS) and
lysed in a lysis buffer (5x PLBR, Promega, Madison, WI) with
gentle shaking at room temperature for 20 min. Cell lysates were
centrifuged at 13,000 rpm on a table top centrifuge for 2 min
to pellet the cell debris. The supernatants were transferred to a
fresh tube, and the dual luciferase activity in cell extracts was
determined according to the manufacturer’s protocol (Promega).
Briefly, each assay mixture contained 2 pl (2 pg) of the cell
lysates and 10 pl of a firefly luciferase-measuring buffer (LAR
Il R, Promega, Madison, WI). The firefly luciferase activity was
measured by a luminometer (the luminometer was programmed
to perform a 2 s pre-measurement delay, followed by a 10 s mea-
surement period for each reporter assay). After measuring the
firefly luciferase activity (Stop & GloR, Promega, Madison, W1),
a Renilla luciferase-measuring buffer was added, and the Renilla
luciferase activity was then measured. Each transfection was per-
formed in duplicate, and all experiments were repeated at least
three times.
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