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Introduction

The p63 protein is expressed in the basal cells of stratified epi-
thelium such as breast, prostate, skin, cervix and other tissues.1 
Recent studies demonstrate the necessity of ΔNp63α in the cel-
lular survival of head and neck squamous cell carcinoma.2 Both 
p63 and p73 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 TAp63) and those 
that are truncated (called ΔNp73 and ΔNp63) with no amino-
terminus region.1,3-6 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 ΔNp63α in response to 
DNA damaging agents like UV, paclitaxel and cisplatin.7,8

The NFκB family of proteins are usually sequestered in the 
cytoplasm of cells, where it remains inactive through interac-
tion with inhibitory proteins known as IκB.9,10 Stimulation by 
a variety of extracellular stimuli leads to the phosphorylation of 
IκB, leading to the activation of NFκB and its translocation into 
the nucleus. The IκB is there after degraded by the 26S protea-
some.11 The two related kinases that phosphorylate the IκB are 
composed of a 700 kDa kinase complex, whose activities are 
increased in the presence of stimuli like TNFα and IL-1.12-14 The 
high molelular complexes are composed of two catalytic subunits 
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IKKβ and IKKα and a regulatory subunit IKKγ (NEMO). 
Although the degradation of IκB is sufficient to cause nuclear 
translocation of NFκβ, but other events can affect the NFκB’s 
ability to regulate other proteins. The translocation of NFκB to 
nucleus has been associated with immune reactions, cell prolif-
eration, apoptotic cell death, tumor proliferation and even ubi-
quitination.15-19 Also inhibition of NFκB in cancer cells has been 
associated with tumor proliferation.20 Additionally inhibition of 
NFκB has been reported to enhance chemotheraupetic sensitiv-
ity.21,22 Also, activation of NFκB leads to promotion of apopto-
sis, depending on the cell type and stimuli.23 Studies reveal that 
stimulation of NFκB limits the upregulation of p75 in T cells, 
though the precise mechanism remains to be determined.24 In 
addition it has been reported that p53 is a direct transcriptional 
target of NFκB and that inhibition of NFκB activation leads to 
sequestering of p53 activation signal.25-27 Our recent publication 
demonstrate that NFκB targeting kinase, IKKβ plays an essen-
tial role in regulating ΔNp63α   in response to extrinsic stimuli 
and that the activation of IKK may be a mechanism by which 
levels of ΔNp63α are reduced, thereby rendering the cells suscep-
tible to cell death in the face of cellular stress or DNA damage.28

In this study we report for the first time that NFκB stimulates 
the ubiquitin-dependent proteasomal degradation of ΔNp63α. 
Further our current studies in head and neck cancer cells shows 
an accumulation of NFκB in the nucleus in response to cisplatin 
and that ΔNp63α physically interacts with NFκB in presence of 
Cisplatin. Ectopic expression of NFκB led to a decrease in the 
levels of ΔNp63α. Further, reduction of NFκB by RNAi resulted 
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may play a role in the reduction of ΔNp63α  
in response to cisplatin treatment. To explore 
this notion, we investigated whether ΔNp63α 
physically interacts with either NFκB in JHU-
022 cells transfected with expression vectors 
encoding NFκB/p65. Immunoblot analysis 
with an anti-p63 antibody demonstrated the 
presence of endogenous ΔNp63α  in anti-
NFκB/p65 precipitated immune complexes 
from transfected cell lysates in presence of 
cisplatin (Fig.  1Bi). Conversely, immunob-
lot analysis with an anti-NFκB/p65 specific 
antibody revealed the presence of NFκB/
p65 in anti-flag immunoprecipitates derived 
from lysates of JHU-022 cells transfected 
with Flag-ΔNp63α in presence of cisplatin 
(Fig. 1Bii). We could not detect any interac-
tion between ΔNp63α and NFκB in absence 
of cisplatin (data not shown). The interaction 
between endogenous ΔNp63α and NFκB/
p65 was established by immunoblot analysis 
of anti-p63 immunoprecipates with an anti-
NFκB/p65  antibody (Fig. 1Ci), and further 
confirmed by immunoblot analysis of anti-
NFκB/p65  immunoprecipates with an anti-
p63 antibody in presence of cisplatin (Fig. 
1Cii). These results confirmed the interaction 
between ΔNp63α and NFκB/p65 complex.

NFκB/p65  mediates the reduction of 
ΔNp63α levels by cisplatin. JHU-022 cells 
were transfected with expression vectors 
encoding the wild-type NFκB/p65. Forced 
overexpression of NFκB/p65 significantly 
decreased the steady state levels of ΔNp63α  
in JHU-022 cells (Fig. 2A). To determine 
whether NFκB/p65 directly affects the sta-
bility of ΔNp63α, we examined the effect of 
co-transfecting a p63- and p53-deficient lung 
cancer cell line (H1299) with an expression 
vector encoding ΔNp63α  and an expression 

vector encoding NFκB/p65. Forced expression of NFκB/p65, 
resulted in a dose-dependent decrease in levels of expression of 
exogenous ΔNp63α (Fig. 2B).   These data indicate that NFκB/
p65 directly reduces the stability and/or promotes the degrada-
tion of ΔNp63α. 

To determine whether activation of NFκB/p65 is required for 
the reduction of endogeous ΔNp63α, we examined the effect of 
silencing the expression of NFκB/p65 with expression vectors 
encoding either NFκB/p65 RNAi. Transfection of JHU-022 
cells with NFκB/p65 RNAi plasmid, led to significant restora-
tion of ΔNp63α  basal expression levels (Fig. 2C). To determine 
whether NFκB/p65 is required for the degradation of ΔNp63α  
in response to cisplatin, endogenous NFκB/p65 was knocked 
down with transfection of the respective NFκB/p65 RNAi plas-
mid. Inhibition of NFκB/p65 expression by RNAi attenuated 
the degradation of ΔNp63α in response to cisplatin (Fig. 2D).

in a significant attenuation of the cisplatin-mediated degradation 
of ΔNp63α. Taken together, this data suggest that NFκB par-
ticipates in the regulation of the steady-state level of ΔNp63α 
and may be one of the major determinants of cellular response 
to cisplatin.

Results

NFκB/p65 interacts with and regulates ΔNp63α in response 
to cisplatin. We examined the effect of cisplatin on expression 
of ΔNp63α in JHU-022 HNSCC cells. Treatment of cells with 
cisplatin resulted in decreased levels of ΔNp63α within 8 h of 
exposure (Fig. 1A). The loss of ΔNp63α in response to cispla-
tin was associated with concomitant accumulation of NFκB/p65 
in the nuclear fractions of treated cells (Fig. 1A). This inverse 
relationship raised the possibility that activation of NFκB/p65 

Figure 1. NFκB/p65 interacts with and regulates ΔNp63α in response to cisplatin. (A) Loss of 
ΔNp63α and nuclear accumulation of NFκB/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 ΔNp63α with NFκB/p65. (i) JHU-
022 cells were transfected with NFκB/p65 or empty Flag-vector and treated with cisplatin 
or vehicle as indicated. Whole cell lysates were immunoprecipitated with either anti-flag 
or anti-NFκB/p65 matrix, as indicated, and subjected to western blot analysis using anti-
p63 antibody, as indicated. (ii) JHU-022 cells were transfected with Flag-ΔNp63α 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 NFκB/p65 antibody, 
as indicated. (C) Immunoprecipitates of JHU-022 cell lysates using either anti-p63 (i) or anti-
NFκB/p65 (ii) antibody were subjected to immunoblot analysis using either anti-NFκB/p65 or 
anti-p63 antibody, as indicated.
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paralleled by an increase in levels of ΔNp63α  target proteins such 
as Bax and p21WAF1 (Fig. 4B). To determine the molecular mech-
anism by NFκB contributes to the degradation of ΔNp63α , we 
focused on the transactivation domain of NFκB/p65. Deletion 
mutant of NFκB/p65Δ450 was used, which lacked the activation 
domain but retained the nuclear localization domain. Forced 
expression of NFκB/p65Δ450 did not affect the activity of either 
the Bax or the p21WAF1 reporter plasmids (Fig. 4A). We further 
examined the effect of NFκB/p65Δ450 on the steady state lev-
els of ΔNp63α  in JHU-022 cells, which remained unaffected  
(Fig. 4C). Consistent with their respective effects on the activ-
ity of Bax and p21WAF1 reporter plasmids, forced expression of 
NFκB/p65Δ450 did not affect the expression of endogenous p21 

NFκB/p65 promotes ubiquitin-mediated proteasomal deg-
radation of ΔNp63α. Phosphorylation of substrates, such as IκB 
proteins, by the IKK complex targets them for ubiquitin-medi-
ated proteasomal degradation. We recently showed that IKKβ 
promotes proteosomal degradation of ΔNp63α.28 To determine 
whether NFκB, a downstream target of  IKKβ promotes protea-
somal degradation of ΔNp63α, JHU-022 cells were transfected 
with an expression vector encoding NFκB/p65, and then either 
treated with the proteasome inhibitor, MG132 or left untreated. 
Whereas expression of NFκB/p65 via transfection resulted in 
loss of endogenous ΔNp63α, treatment of transfected cells 
with MG132 significantly attenuated NFκB/p65—mediated 
degradation of ΔNp63α  (Fig. 3A). These data suggested that 
the reduction of ΔNp63α  by NFκB/p65 may involve protea-
some-mediated degradation. To directly assess whether NFκB/
p65 reduces the stability of ΔNp63α protein, we analyzed the 
effect of expressing NFκB/p65 on the half-life of ΔNp63α in 
JHU-022 cells. Cells were co-transfected with a plasmid encod-
ing ΔNp63α and an expression vector encoding NFκB/p65, and 
then exposed to cycloheximide at 24 h following transfection. 
Immunoblot analysis of ΔNp63α at serial time intervals showed 
that expression of NFκB/p65 decreased the half-life of ΔNp63α 
(Fig. 3B). To confirm the effect of NFκB/p65 on the half-life of 
ΔNp63α, JHU-022 cells were transfected with a control vector 
or NFκB/p65 RNAi vector, and exposed to cycloheximide 24 h 
following transfection. Immunoblot analysis of ΔNp63α at serial 
time points showed that the NFκB/p65 silencing by RNAi pro-
longs the half-life of ΔNp63α (Fig. 3C).

Since NFκB/p65 interacts with ΔNp63α 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-ΔNp63α and Ub-HA expression plas-
mids, with or without increasing concentrations of an expression 
vector encoding NFκB/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 ΔNp63α. Expression 
of NFκB/p65 resulted in a dose-dependent elevation of the ubiq-
uitination of ΔNp63α protein (Fig. 3D and compare lane 2 to 
lanes 3 and 4). These data demonstrate that NFκB/p65 promotes 
ubiquitin-mediated degradation of ΔNp63α.

NFκB/p65 counteracts the repressive transcriptional activity 
of ΔNp63α. Since NFκB/p65 promoted the ubiquitin-mediated 
degradation of ΔNp63α, this raised the possibility that NFκB/
p65 may enhance p53-dependent transactivation of genes. We 
investigated the effect of NFκB/p65 on the repressive transcrip-
tional activity of ΔNp63α on two well known targets, p21(WAF1/
CIP1) and BAX in JHU-022 cells. Forced expression of ΔNp63α 
via introduction of the ΔNp63α expression plasmid resulted in a 
significant reduction of the activity of Bax and p21WAF1 reporter 
plasmids in JHU-022 cells (Fig. 4A). However, co-transfection 
of an expression vector encoding NFκB/p65 counteracted the 
repression of either promoter by ΔNp63α (Fig. 4A). As previ-
ously noted, JHU-022 cells that were transfected with the NFκB/
p65 expression plasmid expressed very low levels of endogenous 
ΔNp63α; forced overexpression of NFκB/p65 in these cells was 

Figure 2. NFκB/p65 mediates the reduction of ΔNp63α 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 μg) of NFκB/
p65 expression plasmids as indicated; western blot was performed 
using the indicated antibodies. p53/p63 deficient H1299 cells were also 
transfected with 1 μg of ΔNp63α expression plasmid. (C) JHU-022 cells 
were transfected with increasing concentrations of either NFκB/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 NFκB/p65 plasmid 24 h after transfection, 
the cells were treated with or without 75 μM cisplatin for 8 h, and cell 
lysates were subjected to western blot using anti-p63 antibodies.
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We demonstrate here a physical interaction between NFκB/p65 
and ΔNp63α  in the presence of cisplatin. We further report that 
NFκB/p65 promotes ubiquitin-dependent proteosomal turnover 
of ΔNp63α. The cisplatin-mediated degradation of ΔNp63α 
was dependent on NFκB/p65 as evidenced by the RNAi medi-
ated knock down of NFκB/p65 whereby knockdown of NFκB/
p65 by RNAi attenuated the cisplatin mediated degradation of 
ΔNp63α. In this study we found that cisplatin treatment leads 
to accumulation of NFκB/p65 in the nucleus. Our current find-
ings therefore entail both a novel role of NFκB/p65 in regulat-
ing the DNA damage response and a new regulatory pathway of 
ΔNp63α.

Studies have demonstrated that IKKβ and not IKKα is 
largely responsible for cytokine induced IκB degradation and 
nuclear translocation of NFκB. Studies also indicate that acti-
vation of NFκB leads to significant instability of p73.16 Various 
anti-cancer agents like camptothecin, doxorubicin and paclitaxel 
have been shown to significantly promote nuclear translocation 
of NFκB.29‑31 According to our present study, cisplatin leads to 
an endogenous activation of NFκB resulting in the significant 
decrease in the stability of ΔNp63α. We could detect a physi-
cal interaction between NFκB/p65 and ΔNp63α only in the 
presence of cisplatin, which supports our observation of cispla-
tin mediated translocation of NFκB to nucleus. But even in the 
absence of cisplatin we observe the steady state level of ΔNp63α 
affected by forced overexpression of NFκB, which might be 
through an indirect mechanism. This is in agreement with the 
observation of Kikuchi et al., where they report NFκB depen-
dent ubiquitin-dependent proteasomal degradation of p73 in 
the absence of any physical interaction between the two pro-
teins.16 IKKβ has been shown to phosphorylate Serine 536 in 
the transactivation domain of NFκB/p65, which is necessary for 
activation of NFκB.32 Deletion of the transactivation domain 
of NFκB/p65 failed to affect the steady state level of ΔNp63α, 
raising the possibility that the transactivation domain of NFκB 
might be required for degradation of ΔNp63α. It has been well 

and Bax proteins (Fig. 4C), suggesting that the transactivation 
property of NFκB/p65 is required for degradation of ΔNp63α.

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.7,8 
Inhibition of ΔNp63α by lentivirus RNAi in HNSCC cells 
induces the expression of pro-apoptotic genes, Puma and Noxa, 
suggesting that ΔNp63α is required for cell survival.2 As JHU-
022 cells overexpresses ΔNp63α  and undetectable amounts of 
TAp63α,28 our current study is limited to ΔNp63α  only. We 
observed a decrease in ΔNp63α protein levels on cisplatin treat-
ment and a reversion of the same when treated with MG132.7 

Figure 3. NFκB/p65 promotes ubiquitin-mediated proteasomal degra-
dation of ΔNp63α. (A) JHU-022 cells were transfected with or without 
an expression plasmid encoding NFκB/p65; 24 h after transfection, cells 
were treated with 10 μM MG132 for the indicated time periods. Whole 
cell lysates were subjected to western Blot analysis using anti-NFκB/p65 
or anti-p63 antibodies. (B) JHU-022 cells were transfected with constant 
amount of ΔNp63α expression plasmid with or without expression 
plasmids encoding NFκB/p65, or empty vector, as indicated. 24 h after 
transfection, the cells were treated with 100 μg/ml cycloheximide. At 
the indicated time points, whole cell lysates were analyzed for ΔNp63α 
by immunoblotting. Actin was used for loading control. (C) JHU-022 
cells were transfected with constant amount of NFκB/p65 RNAi expres-
sion plasmid. 24 h after transfection, the cells were treated with 100 μg/
ml cycloheximide. At the indicated time points, whole cell lysates were 
analyzed for endogenous ΔNp63α by immunoblotting. Actin was used 
for loading control. (D) JHU-022 cells were co-transfected with ΔNp63α 
and Ub-HA expression plasmids, with or without increasing concentra-
tions of an expression vector encoding NFκB/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 ΔNp63α to assess the 
ubiquitination levels of ΔNp63α.
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that the degradation/stabilization mechanism of ΔNp63α is dif-
ferent from those of p73 and p53, indicating that another as yet 
unknown pathway may target ΔNp63α. Finally, the ability of 
NFκB to affect the steady state level of ΔNp63α 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. ΔNp63α-Flag was by obtained PCR amplification of 
ΔNp63α cDNA and cloned into the BamHI and NotI sites of 
pCDNA3.1/hygro (Invitrogen, Carlsbad, CA). NFκB plasmid 
pCMV4/p65 and pCMV4/p65Δ450 were kindly provided by Dr. 

established that IKKβ is required for both NFκB liberation and 
p65 phosphorylation, where as IKKα is solely required for cyto-
kine-induced phosphorylation and activation of NFκB/p65.33 It 
is likely that IKKβ is critical for NFκB activation and not IKKα. 
Studies indicate that IKKβ physically binds to ΔNp63α both in 
the presence of cisplatin and decreases the steady state level of the 
protein.28

ΔNp63α represses transactivation of both the p21 and Bax 
promoter-luciferace vector.7,8 We show here that presence of 
NFκB (which we demonstrate decreases ΔNp63α 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 

Figure 4. NFκB/p65 counteracts the repressive transcriptional activity of ΔNp63α. (A) JHU-022 cells were transfected with either p21 or Bax luciferase 
promoter construct along with Renilla luciferase plasmid, with or without NFκB/p65 or NFκB/p65Δ450 and/or ΔNp63α, 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 NFκB/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 NFκB/p65Δ450, 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 NFκB/p65 domains.
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