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Abstract 

HIPK2 is an emerging player in cell response to genotoxic agents that senses damage 

intensity and contributes to the cell’s choice between cell cycle arrest and apoptosis. 

Phosphorylation of p53 at S46, an apoptosis-specific p53 posttranslational modification, is the 

most characterized HIPK2 function in response to lethal doses of UV, ionizing radiation, or 

different anticancer drugs, such as cisplatin, roscovitine, and doxorubicin. Indeed, like p53, 

HIPK2 has been shown to contribute to the effectiveness of these treatments. Interestingly, 

p53-independent mechanisms of HIPK2-induced apoptosis were described for UV and TGF-β 

treatments; however, it is unknown whether these mechanisms are relevant for the responses 

to anticancer drugs. Because of the importance of the so-called “p53-independent apoptosis 

and drug response” in human cancer chemotherapy, we asked whether p53-independent 

factor(s) might be involved in HIPK2-mediated chemosensitivity. Here, we show that HIPK2 

depletion by RNA interference induces resistance to different anticancer drugs even in p53-

null cells, suggesting the involvement of HIPK2 targets other than p53 in the response to 

chemotherapy. In particular, we found that HIPK2 phosphorylates and promotes proteasomal 

degradation of ΔNp63α, a prosurvival ΔN isoform of the p53 family member, p63. Indeed, 

effective cell response to different genotoxic agents was shown to require phosphorylation-

induced proteasomal degradation of ΔNp63α. In doxorubicin treated cells, we show that 

HIPK2 depletion interferes with ΔNp63α degradation and expression of a HIPK2-resistant 

ΔNp63α-Δ390 mutant induces chemoresistance. We identify T397 as the ΔNp63α residue 

phosphorylated by HIPK2 and show that the non-phosphorylatable ΔNp63α-T397A mutant is 

not degraded in the face of either HIPK2 overexpression or doxorubicin treatment. These 

results indicate ΔNp63α as a novel target of HIPK2 in the response to genotoxic drugs. 

 

Keywords: HIPK2/chemotherapy/ΔNp63/phosphorylation/degradation 



Introduction 

HIPK2 (Homeodomain-Interacting Protein Kinase 2) is an evolutionarily conserved S/T 

kinase originally identified as co-repressors for homeodomain transcription factors (Kim et 

al., 1998). HIPK2 interacts and phosphorylates at specific S/T residues a still enlarging body 

of targets involved in the regulation of gene transcription during development and in cell 

response to several types of stress (reviewed by Rinaldo et al., 2007b; Calzado et al., 2007; 

Calzado et al., 2009). In the latter condition, HIPK2 is activated by different genotoxic 

stimuli, including UV (D’Orazi et al., 2002; Hofmann et al., 2002), ionizing irradiation 

(Dauth et al., 2007), and anticancer drugs, such as cisplatin (CDDP) (Di Stefano et al., 2004), 

doxorubicin (DOX) (Rinaldo et al., 2007a), and roscovitine (Wesierska-Gadek et al., 2007). 

Depletion of HIPK2 expression by specific anti-sense oligonucleotides or interfering RNAs 

induces strong resistance to the apoptosis caused by these agents supporting a functional role 

by the kinase in response to these stresses.  

A few mechanisms of HIPK2 inactivation in human cancers have been identified, such as 

HIPK2 forced cytoplasmic relocalization in breast carcinomas and in leukemogenesis 

(Pierantoni et al., 2007; Wee et al., 2008), HIPK2 mutations in acute myeloid leukemia (Li et 

al., 2007), and loss of HIPK2 protein expression and allele-specific loss-of-heterozigosity in 

thyroid cancers (Lavra et al., submitted). At least in the case of breast cancer biopsies, HIPK2 

inactivation was significantly associated with overexpression of the prosurvival α6β4 integrin 

(Bon et al., 2009) and with tumor resistance to spontaneous apoptosis (Pierantoni et al., 

2007).  

The tumor suppressor p53, a key mediator of DNA damage response (DDR) and a 

critical player in the maintenance of genomic stability, has been the first identified HIPK2 

target involved in DDR. HIPK2 was shown to bind p53 and differentially regulate its 

localization, phosphorylation, acetylation, and transcriptional activity depending on the extent 



of the damage. In particular, upon severe, presumably irreparable DNA damage induced by 

lethal doses of UV, CDDP, or DOX, HIPK2 is strongly upregulated and phosphorylates 

human p53 at S46 (reviewed by Puca et al., 2010), an apoptosis-specific p53 posttranslational 

modification (Oda et al., 2000), or its mouse ortholog at S58 (Cecchinelli et al., 2006a). In 

contrast, in less severe, presumably reparable DNA damage conditions induced by sub-lethal 

doses of UV or DOX, HIPK2 is ubiquitylated by MDM2 in a p53 dependent manner, and 

targeted to proteasomal degradation (Rinaldo et al., 2007a). These findings identify HIPK2 as 

a critical target for the p53/MDM2 pathway in the cell decision between cell cycle arrest and 

apoptosis during DDR and further support the hypothesis that HIPK2 contributes to tumor 

cell responsiveness to anticancer treatments.  

Besides p53 phosphorylation, HIPK2 promotes apoptosis by modulating other factors 

directly or indirectly related to p53-mediated apoptosis, such as the β-catenin regulator Axin, 

the p53 family member p73, the p53 inhibitor MDM2, the acetyl transferases p300/CPB and 

PCaF (reviewed by Rinaldo et al., 2007b; Li et al., 2009; Puca et al., 2010), and, more 

recently, PML (Gresko et al., 2009) and the Methyl-CpG-binding protein 2 (Bracaglia et al., 

2009). In addition, HIPK2 depletion in human tumor cells was shown to induce p53 

misfolding, yielding a “mutant-like” p53 conformation and resistance to DOX and CDDP 

(Puca et al. 2008).  

Interestingly, p53-independent functions of HIPK2 were also identified in UV and TGF-

β-induced apoptosis. In p53-deficient cells, UV-activated HIPK2 phosphorylates the 

transcriptional co-repressor CtBP at S422 and targets it for proteasomal degradation (Zhang et 

al., 2003). Again, in p53-deficient cells, HIPK2 participates in the TGF-β-induced apoptosis 

leading to activation of the stress-stimulated kinase, JNK (Hofmann et al., 2003). Although 

these events are not confined to p53-deficient cells and the experiments have been performed 

only upon induction of apoptosis by UV irradiation or TGF-β-treatment, these results suggest 



that HIPK2 might contribute to tumor chemosensitivity even in the absence of wild type (wt) 

p53. Because of the relevance for human cancer treatments of p53-independent components 

in apoptosis and drug response (Leong et al., 2007; Vilgelm et al., 2008), we asked whether 

p53-independent factor(s) might be involved in the HIPK2-mediated response to 

chemotherapy.  

In this study, we have shown that HIPK2 is stabilized upon treatment with different 

drugs independently from the TP53 gene status and that HIPK2 depletion by RNA 

interference induces chemoresistance even in p53-defective cells. Looking for p53-

independent HIPK2 targets in these conditions, we found that the prosurvival factor ΔNp63α 

is directly phosphorylated by HIPK2 at T397 and this kinase activity is required for the 

ΔNp63α degradation in response to anticancer therapy. 

 

 

Results 

HIPK2 contributes to tumor cell chemosensitivity through p53-dependent and -independent 

mechanisms 

To analyze the role of HIPK2 in response to different anticancer drugs, we first performed 

time course analyses of HIPK2 expression in wtp53-carrying RKO cells upon treatment with 

previously defined, apoptotic doses of DOX, Bleomycin (BLM), or Etoposide (EPEG), while 

UV irradiation was used as positive control. As shown in Figure 1a, a time-dependent 

increase of HIPK2 levels was observed with each drug. Then, we verify whether HIPK2 has a 

causal role in the cell response to these different drugs by employing a stable polyclonal 

population of HIPK2 interfered (HIPK2i) RKO cells (Fig. 1b, insert panel). Colony formation 

assays showed that, compared to control-interfered (Ctr-i) cells, RKO-HIPK2i cells have an 



increased resistance to all tested drugs, further supporting the rising idea that HIPK2 is 

involved in the cell response to a wide range of stresses.  

Since HIPK2 was shown to induce apoptosis in p53-dependent and -independent 

manners, we tested the same drugs on p53-null cells in the presence or absence of HIPK2 

depletion. As shown in Figure 2a, HIPK2 upregulation was induced in p53-null H1299 cells 

and the resistance of these cells to EPEG and BLM was strongly increased in the stable 

HIPK2i population (Fig. 2b), indicating the involvement of p53-independent mechanism(s). 

We were not able to measure any colony forming capacity of our H1299 cells upon DOX 

treatment, even at doses as low as 20nM (data not shown); thus, to test the HIPK2/p53 

dependency to this drug, we employed the HCT116 isogenic cell model consisting of wtp53-

carrying parental cells and their p53-null derivatives (Bunz et al., 1998). To avoid selection 

differences between the two populations promoted by stable transfection, HIPK2 depletion in 

the p53-proficient and -defective HCT116 cells was induced upon transient transfection of 

specific Stealth RNA duplex (see Materials and Methods) and verified by Real-time RT-PCR 

(Fig. 2c). As expected, in the control-depleted cells (UNC), reduction in DOX-induced 

apoptosis was observed in the p53-null population compared to the p53-proficient one (Fig. 

2d, compare the black columns). Still, a further reduction in DOX-induced apoptosis was 

observed in both populations upon HIPK2 depletion (Fig. 2d) further supporting the existence 

of HIPK2-mediated, p53-independent mechanism(s) of chemoresponse.  

 

HIPK2 contributes to ΔNp63α degradation in response to DOX independently of the TP53 

gene status  

It has been shown that HIPK2 interacts with the other members of the p53 family, p73 and 

p63; however, the functional role(s) of these interactions are still mainly unknown (Kim et al., 

2002). In the past few years, several studies have revealed that apoptotic doses of UV 



irradiation or genotoxic drugs promote a phosphorylation-induced, proteasome-mediated 

degradation of the prosurvival isoform, ΔNp63α (Liefer et al., 2000; Papoutsaki et al., 2005; 

Westfall et al., 2005; Zangen et al., 2005; Muller et al., 2006). Thus, we asked whether 

ΔNp63α, that was already shown to be bound by HIPK2 (Kim et al., 2002), might be one of 

the HIPK2 targets in DDR. To begin assessing this idea, we first tested HIPK2 expression in 

the presence or absence of apoptotic doses of DOX in three different cell lines with detectable 

levels of endogenous ΔNp63α (i.e., MCF-10A, HaCat, and FaDu cells) (Ciardiello et al., 

1990; Li et al., 2008) while RKO were used as control from the previous experiments (Fig. 

1). As shown in Figure 3a, HIPK2 expression increased upon DOX treatment, independently 

of the TP53 gene status, that is wild type in the MCF-10A and mutated in HaCat and FaDu 

cells. As expected, DOX treatment stabilized p53 only in the wtp53-carrying cells (Fig. 3a) 

while strongly reduced ΔNp63α expression (Fig. 3b, 3c, and 3d) in all cells, supporting its 

independency from p53, as previously reported (Fomenkov et al., 2004). 

 To evaluate whether the DOX-induced repression of ΔNp63α is mediated by HIPK2, 

transient depletion of the kinase was induced by Stealth RNA duplex in cells of each of the 

three ΔNp63α-expressing lines. A strong, though not complete inhibition of ΔNp63α 

repression was observed in all cells (Fig. 3e and data not shown), indicating that HIPK2 

contributes to the DOX-induced degradation of ΔNp63α. To further support this aspect and 

verify whether HIPK2, as described for genotoxic treatment, reduces ΔNp63α protein 

expression by proteasomal degradation, increasing amount of EGFP-tagged HIPK2 was 

transfected in FaDu cells in the absence or presence of the proteasomal inhibitor MG132. 

Western blot (WB) analyses of total cell extracts (TCEs) showed a dose-response reduction of 

the endogenous ΔNp63α protein levels (Fig. 3f) that was rescued by the addition of MG132 

(Fig. 3g), indicating that HIPK2 can promote ΔNp63α degradation. 

 



The C-terminal region of ΔNp63α is required for its HIPK2-induced degradation  

HIPK2 was previously shown to bind p63 in its C-terminal region (Kim et al., 2002); thus, we 

tested whether a C-terminal deletion mutant of ΔNp63α, the Δ390 that encodes for a protein 

deleted from amino-acid 390 to the stop codon of the human ΔNp63α (see below, Fig. 5c) 

and is not phosphorylated upon UV (Papoutsaki et al., 2005), was still degraded by HIPK2 

overexpression or DOX treatment. WB analyses of FaDu cells co-transfected with EGFP-

HIPK2 and Myc-tagged ΔNp63α or Δ390 showed that only the full-length ΔNp63α 

expression is repressed (Fig. 4a). Similar results were obtained upon DOX treatment of FaDu, 

HaCat, and H1299 cells transfected with Myc-ΔNp63α or Myc-Δ390-deletion mutant (Fig. 

4b). Taken together, these results indicate that the C-terminal region of ΔNp63α is required 

for its DOX-induced, HIPK2-mediated degradation.  

Since ΔNp63α degradation is required for effective cellular response to genotoxic 

drugs (Liefer et al., 2000; Huang et al., 2008), we asked whether overexpression of the Δ390-

deletion mutant might induce resistance to DOX. Colony formation assays were performed on 

FaDu cells upon transfection with ΔNp63α or Δ390 and DOX treatment. As expected, both 

proteins increased the colony formation efficiency compared to the control vector-transfected 

cells, but Δ390 was more efficient than wt-ΔNp63α (Fig. 4c), supporting the concept that the 

C-terminal region of ΔNp63α is required for cell sensitivity to DOX.  

 

HIPK2 phosphorylates ΔNp63α at T397 and this kinase activity is required for ΔNp63α 

degradation  

HIPK2 regulates several of its targets through the S/T kinase activity (reviewed by Rinaldo et 

al., 2007b). Thus, we first asked whether HIPK2 directly phosphorylates p63 in an in vitro 

kinase assay. Comparable amounts of eukaryotic GST-HIPK2 (eGST-HIPK2) and of its 

kinase-dead (KD) K221R mutant (eGST-K221R) were produced in H1299 cells, purified by 



glutathione-sepharose beads, and incubated with purified recombinant p63 protein (kindly 

provided by Prof. Mantovani) in the presence of [γ32P]-ATP, as we previously reported for 

p53 (Cecchinelli et al., 2006a). As shown in Figure 5a, wt-HIPK2 but not the KD mutant, was 

able to phosphorylate itself and p63 indicating that HIPK2 phosphorylates p63 in vitro.  

Next, we assessed whether the HIPK2 kinase activity is required for ΔNp63α 

degradation. FaDu cells were transfected with EGFP-HIPK2, EGFP-K221R KD mutant, or 

EGFP alone, and TCEs analyzed by WB for the endogenous ΔNp63α protein levels. Also in 

this case, only wt-HIPK2 was able to reduce ΔNp63α expression (Fig. 5b), suggesting that the 

kinase activity of HIPK2 is required for ΔNp63α degradation. 

 A strong functional link between ΔNp63α phosphorylation and its subsequent 

degradation has been observed upon treatment with different genotoxic agents (Papoutsaki et 

al., 2005; Westfall et al., 2005; Huang et al., 2008; Galli et al., 2010). In addition, upon 

CDDP treatment, three specific phosphorylation sites (i.e., S375, T397, and S466) have been 

identified in the C-terminal region of ΔNp63α by mass spectrometry (Huang et al., 2008) 

(Fig. 5c, underscored sites). Interestingly, one of these sites, the T397, belongs to the 

recognition motif usually phosphorylated by HIPK2, i.e., S or T followed or preceded by P. 

Thus, although there are 10 such motifs in the C-terminal region of ΔNp63α (Fig. 5c, big-

bold residues), we first tested whether HIPK2 phosphorylates ΔNp63α at T397. In vitro 

kinase assay was performed by incubating comparable amounts of bacterially produced 

proteins (wt-GST-ΔNp63α or its non-phosphorylatable form at T397, the GST-T397A 

mutant) (Fig. 5d) with commercially available active-HIPK2 (see Materials and Methods) in 

the presence of [γ32P]-ATP. A strong phosphorylation signal was observed only with the wt-

GST-ΔNp63α protein (Fig. 5e) indicating that HIPK2 phosphorylates ΔNp63α at the T397 

site. 



 Inhibition of ΔNp63α phosphorylation at T397 upon CDDP treatment was shown to 

interfere with ΔNp63α degradation (Huang et al., 2008). Thus, to confirm that the DOX-

induced, HIPK2-mediated degradation of ΔNp63α depends on T397 phosphorylation, HaCat 

cells were cotransfected with EGFP-HIPK2 and wt-Myc-ΔNp63α or the non-

phosphorylatable Myc-T397A mutant. As shown in Figure 5f, the T397A mutant was 

completely resistant to HIPK2-induced degradation. Similar results were obtained in FaDu 

cells upon transfection with the same Myc-ΔNp63α or Myc-T397A expressing vectors and 

treated with DOX (Fig. 5g), indicating that in cell response to this drug, HIPK2 contributes to 

ΔNp63α degradation by its specific phosphorylation at T397.  

 

 

Discussion  

In this study, we investigated whether the p53 proapoptotic activator HIPK2 contributes to the 

cellular response to chemotherapy through molecular mechanism(s) other than those mediated 

by p53. We show that the DOX-induced degradation of the prosurvival factor ΔNp63α is 

induced by HIPK2 in a p53-independent manner. In particular, HIPK2 depletion by RNA 

interference was sufficient to inhibit drug-induced ΔNp63α degradation even in mutant p53-

carrying cells. Furthermore, we found that HIPK2 phosphorylates ΔNp63α at T397 and this 

specific posttranslational modification strongly contributes to both HIPK2- and DOX-induced 

degradation of ΔNp63α. In addition, we showed that a C-terminal deletion mutant of ΔNp63α 

missing the T397 site, the Δ390 mutant, strongly increase cell resistance to DOX. 

ΔNp63α is one of the N-terminal-defective isoforms encoded by the TP63 gene. 

Transcription of TP63 can be initiated at two alternative transcription start sites resulting in 

the TAp63 and ΔNp63 isoforms, that contain or lack, respectively, a transcription-activating 



(TA) domain (Yang et al., 1998). The ΔNp63 isoforms possess dominant-inhibitory functions 

over the TA isoforms of the p53 family (TAp63, TAp73, and p53) that usually result in 

prosurvival and proproliferation activities (Parsa et al., 1999; Barbieri et al., 2005; Wu et al., 

2005; Rocco et al., 2006). Overexpression of ΔNp63 has been frequently observed in 

squamous cell carcinoma and in some other epithelial tumors (Hibi et al., 2000; Senoo et al., 

2001; Moll and Slade, 2004; Lin et al., 2006) and, beyond its dominant negative effect over 

the proapoptotic and growth arresting functions of the TA isoforms, ΔNp63 was found to 

contribute to tumor progression by favoring angiogenesis and chemoresistance (Zangen et al., 

2005; Wu et al., 2005; Rocco et al., 2006; Lanza et al., 2006; Muller et al., 2006) and by 

modulating cell adhesion processes (Yang et al., 2006; Carroll et al., 2006). Regardless of the 

HIPK2-mediated regulation of ΔNp63α in response to DOX, we observed that HIPK2 

depletion results in an increased expression of ΔNp63α even in non-stressing conditions (Fig. 

3e and data not shown) suggesting that the tumor-associated HIPK2 inactivation might 

contribute to ΔNp63α overexpression. We previously found a similar behavior for the 

prosurvival factor Galectin-3, whose expression is strongly increased in several human 

cancers, at least in part because of the lack of a HIPK2-dependent, p53-mediated repression of 

Galectin-3 transcription (Cecchinelli et al., 2006b; Lavra et al., submitted). In this regard, it 

will be interesting to evaluate ΔNp63α expression in those human tumors in which HIPK2 

has been found inactive.  

Increasing evidence indicates that regulation of protein stability is a key mechanism to 

control p63 isoforms’ actions. In particular, in response to several genotoxic agents, 

ubiquitylation and proteasomal degradation were shown to be prevented by phosphorylation 

on the TA isoforms (Rossi et al., 2006; Li et al., 2008; MacPartlin et al., 2008), while 

promoted also by phosphorylation on the ΔN isoforms (Liefer et al., 2000; Westfall et al., 

2005; Zangen et al., 2005). Though Y phosphorylation was overall shown to be associated to 



TA stability (Gonfloni et al., 2009; Wang et al., 2010) and S/T phosphorylation to ΔN 

degradation (Westfall et al., 2005; Huang et al., 2008; Galli et al., 2010), the molecular 

pathways underlying these divergent events and their balance have just begun to be described. 

The HIPK2 activity on ΔNp63α we are reporting here is consistent with the general idea that 

the cellular amount of this p63 isoform has to be reduced to enable an effective DDR. A 

phosphorylation-dependent prodegradation function of HIPK2 has already been reported for 

c-Myb and CtBP (Kanei-Ishii et al., 2004; Zhang et al., 2003) suggesting that it might be a 

common mechanism to destabilize prosurvival factors. Puzzling, the HIPK2 kinase activity is 

required for the apoptosis-specific activation of p53.  How the same kinase drives molecules, 

even from the same family, such as p53 and ΔNp63α to so divergent fates is presently 

unidentified. We know that p53 is phosphorylated by HIPK2 in its N-terminus and this 

homologous region in ΔNp63α is absent. On the opposite site, HIPK2 phosphorylates 

ΔNp63α at the C-terminus in the SAM domain, a region absent in p53 (Irwin and Kaelin, 

2001). Based on these data, one might speculate that HIPK2 phosphorylation at the N- or C-

terminus promotes activation or degradation, respectively. However, too little information is 

available thus far to make a model. It will be interesting to verify, for example, whether the 

described HIPK2 cooperation activity with TAp73 depends on its HIPK2-induced 

phosphorylation at the N-terminus, or whether p53 can be the only member of the family 

activated by direct HIPK2-induced phosphorylation because, at variance from the p63 and 

p73 isoforms, it is not phosphorylated at Y residues.  

HIPK2 phosphorylates ΔNp63α at T397, one of the three residues previously identified 

by mass spectrometry as phosphorylation sites targeted in response to CDDP treatment (i.e., 

S385, T397, S466) (Huang et al., 2008). Based on the kinase recognition motifs, the authors 

proposed that the three sites are phosphorylated by ATM, CDK2, and p70s6K, respectively. 

While specific RNA interference for ATM and p70s6K significantly reduced phosphorylation 



of their relative sites, CDK2 depletion or inactivation only marginally reduced CDDP-

induced ΔNp63α degradation, suggesting that other kinases recognizing the same motif, 

might be also involved. Interestingly, Huang and collaborators elegantly showed by Flp-In 

technology in HNSCC 029 cells, the requirement of each of these sites in the CDDP-induced 

degradation of ΔNp63α. Our data are consistent with these results since we found that the 

T397A mutant is completely resistant to DOX- and HIPK2-induced degradation indicating 

that at least this phosphorylation site is involved in cell response to both CDDP and DOX. In 

addition, the authors showed a time-dependent hierarchy in the phosphorylation sites, with 

S385, an ATM target, being the first to be phosphorylated upon CDDP and being required for 

the subsequent phosphorylation at the two other sites. This observation is also very intriguing 

in view of our results, because ATM is also involved in HIPK2 activation (Dauth et al., 2007; 

Winter et al., 2008) as well as in p53 phosphorylation at S15, a posttranslational modification 

that precede S46 (Oda et al., 2000). Taken together, these observations suggest that in DDR, 

the ATM sensor, among different functions, activates HIPK2 and prepares p53 and its 

antagonist ΔNp63α to the subsequent HIPK2-induced phosphorylation that drives these 

molecules to their respective fates.  

 The HIPK2 destabilizing activity on ΔNp63α we described upon treatment with 

different anticancer drugs independently from the TP53 gene status further support the 

concept that HIPK2 contribute to DDR in p53 dependent and independent manners. However, 

this observation does not exclude the possibility that both pathways are engaged 

simultaneously in cells that carries wtp53 and express ΔNp63α, such as the MCF10A cells we 

employed here. In this type of cells, drug-induced activation of HIPK2 would i) activate p53 

by S46 phosphorylation, ii) promote the degradation of ΔNp63α by T397 phosphorylation, 

and iii) further improve p53 activity by removing the dominant inhibitory effect by ΔNp63α 

(Fig. 6). These data indicate that HIPK2 has a double commitment, working as activator for 



proapoptotic factors and inhibitor for antiapoptotic one. On the opposite site, these 

considerations would allow to suppose that tumor-associated inhibition of HIPK2 activity 

might strongly contribute to chemoresistance in addition to other better-characterized events, 

such as p53 mutation/inactivation or ΔNp63 overexpression. HIPK2-related data from human 

tumor samples are still insufficient to be significant. We hope that the enlarging body of 

experimental evidence supporting key roles for HIPK2 in tumorigenicity and drug response 

would encourage the development of more extensive translational studies.  
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Materials and Methods 

Cells culture conditions and treatments 

RKO, FaDu, HaCat, HCT116 p53+/+ and p53-/- (Bunz et al., 1998) cells were cultured in 

DMEM supplemented with 10% heat-inactivated fetal bovine serum. Immortalized human 

mammary MCF-10A cells (Ciardiello et al. 1990) were cultured in Mammary Epithelium 

Basal Medium supplemented with MEGM SingleQuots (Clonetics, Lonza Milano S.r.l., 

Italy). For drug treatment, sub-confluent cells were incubated in the presence of DOX 



(Sigma), BLM (Aventis Pharma), EPCT (Bristol-Myers Squibb), or MG132 (Calbiochem), at 

the indicated concentrations. 

Expression vectors and transfection 

The following plasmids were employed: pCDNA3-Myc-ΔNp63α, pCDNA3-Myc-T397A and 

pCDNA3-Myc-Δ390 (Papoutsaki et al., 2005; Di Costanzo et al., 2009); pEGFP-HIPK2 and 

pEGFP-K221R (Checchinelli et al., 2006b); pEGFP-C2 (Stratagene). Plasmids pGex-

ΔNp63α and pGex-ΔNp63α(T397Α) were obtained by PCR amplification from pCDNA3-

Myc-ΔNp63α and pCDNA3-Myc-T397A using specific primers: ΔNp63 BamH-upper: 5’-

CGATATGGATCCTTGTACCTGGAAAA CAATGCCC-3’; ΔNp63 Xho1-lower: 5’-

CGTATACTCGAGTCATTCTCCTTCCTCTTTG ATACG-3’ and cloned into a 

BamH1/Xho1 digested pGex6p-2rbs vector. The expression vectors were transfected by using 

Lipofectamine Plus reagent (Invitrogen), according to manufacturer’s instructions. 

 

Western blot analyses  

TCEs were prepared in RIPA buffer [50mM Tris-HCl pH 8, 300mM NaCl, 1mM EDTA, 

0.5% sodium deoxycholate, 0.1% SDS, 1% Nonidet P40, 1 mM EDTA], supplemented with 

protease-inhibitor mix (Roche). TCEs were resolved on precast NuPAGE 4-12% gels 

(Invitrogen), transferred onto nitrocellulose membranes (Bio-Rad) and analyzed with the 

following antibodies (Abs): rabbit anti-HIPK2 (kindly provided by M.L. Schmitz); rabbit 

anti-p53 (FL-393) and mouse anti-p63 (4A4) (Santa Cruz Biotechnology); mouse anti-Myc 

(Upstate); rabbit anti-GST (kindly provided by Dr. M. Fanciulli); mouse anti-α-tubulin  

(Immunological Sciences); mouse anti-actin (Sigma); HRP-conjugated goat anti-mouse and 

anti-rabbit (Cappel). Immunoreactivity was determined using the ECL-chemiluminescence 

reaction (Amersham Corp, Arlington Heights, IL, USA) following the manufacturer’s 

instructions. 



 

 

Colony forming assay  

Cells were treated with drugs at the indicated doses for 24 hours, then plated at low density in 

60 mm Petri dishes and grown for a week in the absence of drugs. Surviving colonies were 

fixed and stained with Cristal Violet (0.5% in methanol) (Sigma) and air-dried. 

 

RNA interference 

Stable interference by shRNA was performed by transfection of pRetroSuper and 

pRetroSuper-HIPK2 vectors (Cecchinelli et al., 2006b). After 24 hours from transfection, 

stable polyclonal populations of control and HIPK2-depleted cells were obtained by selection 

with 2μg/ml puromycin. Transient interference by siRNA was obtained by HIPK2i Stealth 

RNAi sequences (a mix of 3 different sequences) and universal negative control (UNC) 

Stealth RNAi Negative, Medium GC Duplexes (Invitrogen). Cells were transduced by using 

the RNAiMAX reagent (Invitrogen) according to the manufacturer’s instructions. 

 

RNA extraction and Real-time RT-PCR  

Total RNA was extracted with Trizol™ (Invitrogen), reverse transcribed and amplified by 

using the High Capacity cDNA Reverse Transcription Kit and SYBR Green DNA Master mix 

(Applied Biosystems) and the Applied Biosystems 7500 system SDS software. The following 

primers were employed:  

upper human/mouse HIPK2 5’-AGGAAGAGTAAGCAGCACCAG-3’  

lower human/mouse HIPK2 5’-TGCTGATGGTGATGACACTGA-3’  

upper human GAPDH 5’- TCCCTGAGCTGAACGGGAAG-3’ 

lower human GAPDH 5’- GGAGGAGTGGGTGTCGCTGT-3’ 



Each target-amplification was performed in duplicate.  

 

In vitro kinase assay 

Recombinant eGST-HIPK2 and eGST-K221R were produced in H1299 cells by infection 

with the vaccinia virus vTF7-3 (kindly provided by Dr. B. Moss) followed by transfection 

with 2μg of pcDNA3-eGST-HIPK2 or pcDNA3-eGST-K221R plasmids using Lipofectamine 

(Invitrogen) (Cecchinelli et al., 2006a). TCEs were prepared 24 hours post-transfection by 

incubation for 30 min at 4°C in lysis buffer [50mM Tris-HCl (pH 7.4), 300mM NaCl, 150mM 

KCl, 1mM DTT, 1% Nonidet P-40]. After centrifugation, eGST-fusion proteins were purified 

from supernatant by overnight incubation with glutathione-Sepharose beads (Sigma) at 4˚C 

and used as enzymatic source. Alternatively, the active-HIPK2 fragment was purchased from 

Upstate and employed at the concentration of 50ng/reaction. Recombinant GST-ΔNp63α and 

GST-T397A fusion proteins were produced in BL21 bacteria and purified on glutathione–

Sepharose resin (Sigma). For kinase assay, recombinant proteins were washed and incubated 

for 30 min at 30°C in kinase buffer [20mM Hepes pH 7.4, 50mM NaCl, 10mM MgCl2, 

10mM MnCl2] in the presence of 185 KBq [γ32P]-ATP. The phosphorylated substrates were 

resolved on precast NuPAGE 4-12% gels and analyzed by autoradiography. 

 

 

Abbreviations 

 BLM, bleomycin; CDDP, cisplatin; Ctr, control; DDR, DNA damage response; DOX, 

doxorubicin; EPEG, etoposide; eGST, eukaryotic-GST; HIPK2, Homeodomain-Interacting 

Protein Kinase 2; KD, kinase-dead; TCE, total cell extract; WB, Western blot. 



References 
Barbieri CE, Perez CA, Johnson KN, Ely KA, Billheimer D, Pietenpol JA. (2005). IGFBP-3 

is a direct target of transcriptional regulation by DeltaNp63alpha in squamous epithelium. 

Cancer Res 65: 2314-2320. 

Bon G, Di Carlo SE, Folgiero V, Avetrani P, Lazzari C, D'Orazi G, et al. (2009). Negative 

regulation of beta4 integrin transcription by homeodomain-interacting protein kinase 2 

and p53 impairs tumor progression. Cancer Res 691: 5978-5986. 

Bracaglia G, Conca B, Bergo A, Rusconi L, Zhou Z, Greenberg ME, et al. (2009). Methyl-

CpG-binding protein 2 is phosphorylated by homeodomain-interacting protein kinase 2 

and contributes to apoptosis. EMBO Rep 10: 1327-1333. 

Bunz F, Dutriaux A, Lengauer C, Waldman T, Zhou S, Brown JP, et al. (1998).  Requirement 

for p53 and p21 to sustain G2 arrest after DNA damage. Science 282: 1497-501. 

Calzado MA, De La Vega L, Munoz E, Schmitz ML. (2009). From top to bottom: the two 

faces of HIPK2 for regulation of the hypoxic response. Cell Cycle 8: 1659-1664. 

Calzado MA, Renner F, Roscic A, Schmitz ML. (2007). HIPK2: a versatile switchboard 

regulating the transcription machinery and cell death. Cell Cycle 15: 139-143. 

Carroll DK, Carroll JS, Leong CO, Cheng F, Brown M, Mills AA et al. (2006). p63 regulates 

an adhesion programme and cell survival in epithelial cells. Nat Cell Biol 8: 551-561.  

Cecchinelli B, Porrello A, Lazzari C, Gradi A, Bossi G, D’Angelo M, et al. (2006a). Ser58 of 

mouse p53 is the homologue of human Ser46 and is phosphorylated by HIPK2 in 

apoptosis. Cell Death Differ 13: 1994-1997. 

Cecchinelli B, Lavra L, Rinaldo C, Iacovelli S, Gurtner A, Gasbarri A, et al. (2006b). 

Repression of the antiapoptotic molecule galectin-3 by homeodomain-interacting protein 

kinase 2-activated p53 is required for p53-induced apoptosis. Mol Cell Biol 26: 4746-

4757. 

Ciardiello F, McGeady ML, Kim N, Basolo F, Hynes N, Langton BC, et al. (1990) 

Transforming growth factor-alpha expression is enhanced in human mammary epithelial 

cells transformed by an activated c-Ha-ras protooncogene but not by the c-neu 

protooncogene, and overexpression of the transforming growth factor-alpha 

complementary DNA leads to transformation. Cell Growth Differ 1: 407-420. 

Dauth I, Kruger, J, Hofmann TG. (2007). Homeodomain-interacting protein kinase 2 is the 

ionizing radiation-activated p53 serine 46 kinase and is regulated by ATM. Cancer Res 

67: 2274-2279. 



Di Costanzo A, Festa L, Duverger O, Vivo M, Guerrini L, La Mantia G, et al. (2009). 

Homeodomain protein Dlx3 induces phosphorylation-dependent p63 degradation. Cell 

Cycle 8:1185-1195. 

Di Stefano V, Rinaldo C, Sacchi A, Soddu S, and D'Orazi G. (2004). Homeodomain-

interacting protein kinase-2 activity and p53 phosphorylation are critical events for 

cisplatin-mediated apoptosis. Cell Res 293: 311-320. 

D'Orazi G, Cecchinelli B, Bruno T, Manni I, Higashimoto Y, Saito S, et al. (2002). 

Homeodomain-interacting protein kinase-2 phosphorylates p53 at Ser 46 and mediates 

apoptosis. Nat Cell Biol 4:11-19. 

Fomenkov A, Zangen R, Huang YP, Osada M, Guo Z, Fomenkov T, et al. (2004). RACK1 

and stratifin target DeltaNp63alpha for a proteasome degradation in head and neck 

squamous cell carcinoma cells upon DNA damage. Cell Cycle 3: 1285-1295.  

Galli F, Rossi M, D'Alessandra Y, De Simone M, Lopardo T, Haupt Y, et al., (2010). MDM2 

and Fbw7 cooperate to induce p63 protein degradation following DNA damage and cell 

differentiation. J Cell Sci 123: 2423-2433. 

Gonfloni S, Di Tella L, Caldarola S, Cannata SM, Klinger FG, Di Bartolomeo C, et al. 

(2009). Inhibition of the c-Abl-TAp63 pathway protects mouse oocytes from 

chemotherapy-induced death. Nat Med 15: 1179-1185.  

Gresko E, Ritterhoff S, Sevilla-Perez J, Roscic A, Frobius K, Kotevic I, et al. (2009). PML 

tumor suppressor is regulated by HIPK2-mediated phosphorylation in response to DNA 

damage. Oncogene 28: 698–708. 

Hibi K, Trink B, Patturajan M, Westra WH, Caballero OL, Hill DE, et al. (2000). AIS is an 

oncogene amplified in squamous cell carcinoma. Proc Natl Acad Sci USA 97: 5462-5467. 

Hofmann TG, Möller A, Sirma H, Zentgraf H, Taya Y, Dröge W et al. (2002). Regulation of 

p53 activity by its interaction with homeodomain-interacting protein kinase-2. Nat Cell 

Biol 4:1-10. 

Hofmann TG, Stollberg N, Schmitz ML, Will H. (2003). HIPK2 regulates transforming 

growth factor-beta-induced c-Jun NH(2)-terminal kinase activation and apoptosis in 

human hepatoma cells. Cancer Res 63: 8271-8277. 

Huang Y, Sen T, Nagpal J, Upadhyay S, Trink B, Ratovitski E, et al. (2008). ATM kinase is a 

master switch for the Delta Np63 alpha phosphorylation/degradation in human head and 

neck squamous cell carcinoma cells upon DNA damage. Cell Cycle 7: 2846-2855.  

Irwin MS, Kaelin WG. (2001). p53 family update: p73 and p63 develop their own identities. 

Cell Growth Differ 12: 337-349. 



Kanei-Ishii C, Ninomiya-Tsuji J, Tanikawa J, Nomura T, Ishitani T, Kishida S, et al. (2004). 

Wnt-1 signal induces phosphorylation and degradation of c-Myb protein via TAK1, 

HIPK2, and NLK. Genes Dev 18: 816-829. 

Kim EJ, Park JS, and Um SJ. (2002). Identification and characterization of HIPK2 interacting 

with p73 and modulating functions of the p53 family in vivo. J Biol Chem. 277: 32020-

32028. 

Kim YH, Choi CY, Lee SJ, Conti MA, and Kim Y. (1998). Homeodomain-interacting protein 

kinases, a novel family of co-repressors for homeodomain transcription factors. J Biol 

Chem 273: 25875-25879. 

Lanza M, Marinari B, Papoutsaki M, Giustizieri ML, D'Alessandra Y, Chimenti S et al. 

(2006). Cross-talks in the p53 family: deltaNp63 is an anti-apoptotic target for 

deltaNp73alpha and p53 gain-of-function mutants. Cell Cycle 5: 1996-2004.  

Leong CO, Vidnovic N, DeYoung MP, Sgroi D, Ellisen LW. (2007). The p63/p73 network 

mediates chemosensitivity to cisplatin in a biologically defined subset of primary breast 

cancers. J Clin Invest 117:1370-1380.  

Li Q, Lin S, Wang X, Lian G, Lu Z, Guo H, et al. (2009). Axin determines cell fate by 

controlling the p53 activation threshold after DNA damage. Nat Cell Biol 11: 1128-1134. 

Li XL, Arai Y, Harada H, Shima Y, Yoshida H, Rokudai S, et al. (2007). Mutations of the 

HIPK2 gene in acute myeloid leukemia and myelodysplastic syndrome impair AML1- 

and p53-mediated transcription. Oncogene 26: 7231-7239.  

Li Y, Zhou Z, Chen C. (2008). WW domain-containing E3 ubiquitin protein ligase 1 targets 

p63 transcription factor for ubiquitin-mediated proteasomal degradation and regulates 

apoptosis. Cell Death Differ 15: 1941-1951. 

Liefer KM, Koster MI, Wang XJ, Yang A, McKeon F, Roop DR. (2000). Down-regulation of 

p63 is required for epidermal UV-B-induced apoptosis. Cancer Res 60: 4016-4020. 

Lin Z, Liu M, Li Z, Kim C, Lee E, Kim I. (2006). DeltaNp63 protein expression in uterine 

cervical and endometrial cancers. J Cancer Res Clin Oncol 32: 811-816. 

MacPartlin M, Zeng SX, Lu H. (2008) Phosphorylation and stabilization of TAp63gamma by 

IkappaB kinase-beta. J Biol Chem 283: 15754-15761. 

Moll UM, Slade N. (2004). p63 and p73: roles in development and tumor formation. Mol 

Cancer Res 2: 371-386.  

Muller M, Elisa Schleithoff S, Stremmel W, Melino G, Krammer PH, Schilling T. (2006). 

One, two, three—p53, p63, p73 and chemosensitivity. Drug Res Updates 9:288–306.  



Oda K, Arakawa H, Tanaka T, Matsuda K, Tanikawa C, Mori T, et al. (2000). p53-AIP1, a 

potential mediator of p53-dependent apoptosis, and its regulation by Ser-46-

phosphorylated p53. Cell 102: 849-862. 

Papoutsaki M, Moretti F, Lanza M, Marinari B, Sartorelli V, Guerrini L, et al. (2005). A p38-

dependent pathway regulates DeltaNp63 DNA binding to p53-dependent promoters in 

UV-induced apoptosis of keratinocytes. Oncogene 24: 6970-6975. 

Parsa R, Yang A, McKeon F, Green H. (1999) Association of p63 with proliferative potential 

in normal and neoplastic human keratinocytes. J Invest Dermatol., 113:1099-1105.  

Pierantoni G M, Rinaldo C, Mottolese M, Di Benedetto A, Esposito F, Soddu S, et al.  (2007). 

High-mobility group A1 inhibits p53 by cytoplasmic relocalization of its proapoptotic 

activator HIPK2. J Clin Invest 17: 693-702. 

Puca R, Nardinocchi L, Gal H, Rechavi G, Amariglio N, Domany E, et al. (2008). Reversible 

dysfunction of wild-type p53 following homeodomain-interacting protein kinase-2 

knockdown. Cancer Res 68: 3707-3714. 

Puca R, Nardinocchi L, Givol D, D'Orazi G. (2010). Regulation of p53 activity by HIPK2: 

molecular mechanisms and therapeutical implications in human cancer cells. Oncogene 

29: 4378-4387.  

Rinaldo C, Prodosmo A, Mancini F, Iacovelli S, Sacchi A, Moretti F, et al. (2007a). MDM2-

regulated degradation of HIPK2 prevents p53Ser46 phosphorylation and DNA damage-

induced apoptosis. Mol Cell 25: 739-750. 

Rinaldo C, Prodosmo A, Siepi F, Soddu S. (2007b). HIPK2: a multitalented partner for 

transcription factors in DNA damage response and development. Biochem Cell Biol 85: 

411-418. 

Rocco JW, Leong CO, Kuperwasser N, DeYoung MP, Ellisen LW. (2006). p63 mediates 

survival in squamous cell carcinoma by suppression of p73-dependent apoptosis. Cancer 

Cell 9: 45-56.  

Rossi M, Aqeilan RI, Neale M, Candi E, Salomoni P, Knight RA, et al. (2006) The E3 

ubiquitin ligase Itch controls the protein stability of p63. Proc Natl Acad Sci U S A. 103: 

12753-12758.  

Senoo M, Tsuchiya I, Matsumura Y, Mori T, Saito Y, Kato H, et al. (2001) Transcriptional 

dysregulation of the p73L/p63/p51/p40/KET gene in human squamous cell carcinomas: 

expression of Delta Np73L, a novel dominant-negative isoform, and loss of expression of 

the potential tumour suppressor p51. Br J Cancer 84: 1235-1241. 



Vilgelm A, El-Rifai W, Zaika A. (2008). Therapeutic prospects for p73 and p63: rising from 

the shadow of p53. Drug Resist Updat 11: 152-163. 

Wang N, Guo L, Rueda BR, Tilly JL. (2010). Cables1 protects p63 from proteasomal 

degradation to ensure deletion of cells after genotoxic stress. EMBO Rep 11: 633-639.  

Wee HJ, Voon DC, Bae SC, Ito Y. (2008). PEBP2-beta/CBF-beta-dependent phosphorylation 

of RUNX1 and p300 by HIPK2: implications for leukemogenesis. Blood 112: 3777-3787.  

Wesierska-Gadek J, Schmitz ML, Ranftler C. (2007). Roscovitine-activated HIP2 kinase 

induces phosphorylation of wt p53 at Ser-46 in human MCF-7 breast cancer cells. J Cell 

Biochem 100: 865-874. 

Westfall MD, Joyner AS, Barbieri CE, Livingstone M, Pietenpol JA. (2005). Ultraviolet 

radiation induces phosphorylation and ubiquitin-mediated degradation of Delta 

Np63alpha. Cell Cycle 4: 710-716.  

Winter M, Sombroek D, Dauth I, Moehlenbrink J, Scheuermann K, Crone J, et al. (2008). 

Control of HIPK2 stability by ubiquitin ligase Siah-1 and checkpoint kinases ATM and 

ATR. Nat Cell Biol 10: 812-824.  

Wu G, Osada M, Guo Z, Fomenkov A, Begum S, Zhao M et al. (2005). DeltaNp63alpha up- 

regulates the Hsp70 gene in human cancer. Cancer Res 65: 758-766.  

Yang A, Kaghad M, Wang Y, Gillett E, Fleming MD, Dotsch V et al. (1998). p63, a p53 

homolog at 3q27-29, encodes multiple products with transactivating, death-inducing, and 

dominant-negative activities. Mol Cell 2: 305-316.  

Yang A, Zhu Z, Kapranov P, McKeon F, Church GM, Gingeras TR et al. (2006). 

Relationships between p63 binding, DNA sequence, transcription activity, and biological 

function in human cells. Mol Cell 24: 593-602.  

Zhang Q, Yoshimatsu Y, Hildebrand J, Frisch SM, Goodman RH. (2003). Homeodomain 

interacting protein kinase 2 promotes apoptosis by downregulating the transcriptional 

corepressor CtBP. Cell 115:177-186. 

Zangen R, Ratovitski E, Sidransky D. (2005). DeltaNp63alpha levels correlate with clinical 

tumor response to cisplatin. Cell Cycle 4: 1313-1315. 



Figure Legends 

 

Figure 1 HIPK2 is involved in tumor cell response to antineoplastic drugs. RKO cells 

were treated with DOX, EPEG, or BLM at the indicated doses. UV radiation at 50 J/m2 was 

used as positive control for HIPK2 protein stabilization. (a) TCEs were prepared at the 

indicated times after treatment (Hrs) and analyzed by WB for HIPK2 protein expression. 

Tubulin expression shows equal loading of samples. (b) RKO cells were stably depleted for 

HIPK2 by shRNA. HIPK2 depletion was verified by WB analysis (small insert). Interfered 

cells (HIKP2-i) and control cells (Ctr-i) were treated with the indicated drugs and plated for 

colony forming assay 24 hours post-treatment. Columns are average of three independent 

experiments and bars indicate standard deviation. 

 

Figure 2 HIPK2 mediates tumor cell chemosensitivity in p53 null cells. (a) H1299 cells 

were treated with the indicated drugs at the indicated doses. TCEs were prepared 12 hours 

after treatment and analyzed by WB for HIPK2 expression. (b) H1299 cells were stably 

depleted for HIPK2 by shRNA. HIPK2 depletion was verified by WB (small insert). HIPK2-i 

and Ctr-i  cells were treated with the indicated drugs and colony forming assay was performed 

24 hours after treatment. Columns are average of three independent experiments and bars 

indicate standard deviation. (c and d) p53 proficient (p53+/+) and defective (p53-/-) HCT116 

cells were transiently depleted for HIPK2. After 48 hours from transfection, (c) HIPK2 

depletion was verified by Real-time PCR and (d) drug sensitivity was assessed by treatment 

with 2μM DOX and subsequent cell death evaluation by Trypan blue exclusion test 24 hours 

post-treatment.  

 



Figure 3 HIPK2 contributes to ΔNp63α degradation upon DOX treatment. (a) The 

indicated cells were treated with 2μM DOX or maintained in the absence of drug. TCEs were 

prepared 12 hours post-treatment and analyzed by WB for the indicated proteins. Actin 

expression shows equal loading of samples. (b, c, and d) The indicated cells were treated with 

DOX. TCEs were prepared at the indicated times post-treatment and analyzed by WB for 

ΔNp63α expression. (e) FaDu cells were transiently depleted for HIPK2; 36 hours after 

transfection cells were treated with DOX or maintained in the absence of drug. TCEs were 

prepared at the indicated times post-treatment and analyzed for HIPK2 and ΔNp63α 

expression. (f) FaDu cells were transfected with an expression vector coding for EGFP-

HIPK2 (0.5, 1 or 2 μg). TCEs were prepared 36 hours post-transfection and analyzed by WB. 

(g) FaDu cells were transfected as in (f) (1 and 2 μg) and treated with 10μM MG132 (or its 

solvent, DMSO) 20 hours post-transfection. TCEs were prepared 10 hours after MG132-

treatment and endogenous ΔNp63α protein levels were analyzed by WB. 

 

Figure 4 Role of the C-terminal region of ΔNp63α in HIPK2 mediated degradation. (a) 

FaDu cells were co-transfected with an expression vector coding for EGFP or EGFP-HIPK2 

together with a vector coding for the fusion protein Myc-ΔNp63α or its deletion mutant Myc-

Δ390. TCEs were prepared 24 hours post-transfection and WB analysis of exogenous 

ΔNp63α protein was performed using an α-Myc Ab. (b) The indicated cells were transfected 

with an expression vector coding for Myc-ΔNp63α or Myc-Δ390; 16 hours post-transfection 

cell were treated with DOX for the indicated times and TCEs were analyzed by WB. (c) FaDu 

cells were transfected with the indicated expression vectors and 16 hours post-transfection 

treated with 1μM DOX. Colony formation assay was set up 24 hours after DOX treatment. 

 



Figure 5 Phosphorylation of ΔNp63α at T397 by HIPK2 is required for ΔNp63α 

degradation. (a) eGST-HIPK2 and eGST-K221R proteins were prepared by GST pull down 

from H1299 cells and incubated with a purified p63 protein in the presence of [γ32P]-ATP. 

Kinase reaction products were resolved by SDS-PAGE and analyzed by autoradiography 

(upper panel). WB analysis of GST proteins and p63 was performed after gel rehydration with 

the indicated Abs. (b) FaDu cells were transfected with EGFP-HIPK2 (2.5 μg), EGFP-K221R 

(2, 3, and 5 μg), or EGFP (2, 3, and 5 μg).  TCEs were prepared 36 hours after transfection 

and analyzed by WB; ∗ indicate unspecific bands. (c) Schematic representation of ΔNp63α 

protein. The C-terminal aminoacidic sequence is shown in detail; underscored letters: 

phosphorylation sites identified by Huang et al., 2008; bold letters: HIPK2 recognition motifs. 

(d) WB analysis of bacterially produced GST, GST-ΔNp63α, and GST-T397A proteins. (e) 

Comparable amounts of GST proteins were incubated with active-HIPK2 in the presence of 

[γ32P]-ATP and the kinase reaction products were resolved by SDS-PAGE and analyzed by 

autoradiography. (f) HaCat cells were co-transfected with expression vectors coding for the 

indicated proteins. TCEs were prepared at the indicated times and analyzed by WB for 

expression of the exogenous proteins. (g) FaDu cells were transfected with Myc-ΔNp63α and 

Myc-T397A expressing vectors. DOX was added 16 hours after transfection and TCEs were 

prepared 48 hours after treatment and analyzed by WB. 

 

Figure 6 Model summarizing HIPK2 activity on p53 and ΔNp63α in response to 

antineoplastic drugs.  
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