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PATZ1 interacts with p53 and regulates expression of
p53-target genes enhancing apoptosis or cell survival
based on the cellular context

T Valentino1,2,4, D Palmieri3,4, M Vitiello1,2, GM Pierantoni1,2, A Fusco1,2 and M Fedele*,1,2

PATZ1 is a transcriptional factor functioning either as an activator or a repressor of gene transcription depending upon the
cellular context. It appears to have a dual oncogenic/anti-oncogenic activity. Indeed, it is overexpressed in colon carcinomas,
and its silencing inhibits colon cancer cell proliferation or increases sensitivity to apoptotic stimuli of glioma cells, suggesting an
oncogenic role. Conversely, the development of B-cell lymphomas, sarcomas, hepatocellular carcinomas and lung adenomas in
Patz1-knockout (ko) mice supports its tumour suppressor function. PATZ1 role in mouse lymphomagenesis is mainly because
of the involvement of PATZ1 in BCL6-negative autoregulation. However, this does not exclude that PATZ1 may be involved
in tumorigenesis by other mechanisms. Here, we report that PATZ1 interacts with the tumour suppressor p53 and binds
p53-dependent gene promoters, including those of BAX, CDKN1A and MDM2. Knockdown of PATZ1 in HEK293 cells reduces
promoter activity of these genes and inhibits their expression, suggesting a role of PATZ in enhancing p53 transcriptional
activity. Consistently, Patz1-ko mouse embryonic fibroblasts (MEFs) show decreased expression of Bax, Cdkn1a and Mdm2
compared with wild-type (wt) MEFs. Moreover, Patz1-ko MEFs show a decreased percentage of apoptotic cells, either
spontaneous or induced by treatment with 5-fluorouracil (5FU), compared with wt controls, suggesting a pro-apoptotic role for
PATZ1 in these cells. However, PATZ1 binds p53-target genes also independently from p53, exerting, in the absence of p53,
an opposite function on their expression. Indeed, knockdown of PATZ1 in p53-null osteosarcoma cells upregulates BAX
expression and decreases survival of 5FU-treated cells, then suggesting an anti-apoptotic role of PATZ1 in p53-null cancer cells.
Therefore, these data support a PATZ1 tumour-suppressive function based on its ability to enhance p53-dependent transcription
and apoptosis. Conversely, its opposite and anti-apoptotic role in p53-null cancer cells provides the perspective of PATZ1
silencing as a possible adjuvant in the treatment of p53-null cancer.
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The human PATZ1 gene, also known as MAZR, ZSG or
ZNF278, encodes four alternatively expressed proteins,
ranging from 537 to 687 amino acids, that share a common
modular structure consisting of a POZ domain, an AT hook
and four to seven C2H2 zinc fingers.1–3 According to these
domains, PATZ1 is a member of the POK (POZ and kruppel-
like zinc finger) family, an unique group of transcription factors
having key roles in development and cancer through their
involvement in a variety of cellular processes, including cell
proliferation, senescence and apoptosis.4,5 Many POK
proteins, such as HIC-1, Bcl6, PLZF, Nac-1 and others, have
been linked directly or indirectly to p53 regulation,5–7 and
PATZ1 itself has been recently shown to inhibit endothelial
cell senescence through a p53-dependent pathway.8

However, the mechanism of action of these proteins is largely
unknown.
As for other POK family members, the transcriptional

activity of PATZ is dependent on the POZ-mediated oligomer
formation, suggesting PATZ1 as an architectural transcription
factor rather than a typical transactivator, thus working either
as activator or repressor depending on the presence of the
interacting proteins in the cellular context. Consistently,
PATZ1 has been reported to either activate or repress
c-myc,1,2 to activate mast cell protease 6 and FGF4,2,9 and
to repress androgen receptor, CD8 and BCL6 genes.10–13

Several studies indicate a role of PATZ1 in carcinogenesis;
however, it has not defined yet whether it behaves as a tumour
suppressor or an oncogene. In fact, thePATZ1 gene has been
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found to be rearranged with the EWS gene in a small round
cell sarcoma where the other PATZ1 allele is lost.3 Moreover,
loss of heterozygosity has been found at the FRA22B fragile
site, where the PATZ1 gene is located, in several solid
tumours,14 then supporting a potential tumour suppressor role
for PATZ1. Furthermore, both heterozygous and homozygous
Patz1-knockout (ko) mice spontaneously develop several
tumours, including BCL6-expressing Non-Hodgkin lympho-
mas, sarcomas and hepatocellular carcinomas,13 and Patz1-
null mouse embryonic fibroblasts (MEFs) showed increased
expression of various proteins involved in cell cycle activation,
including cyclin D2, CDK4, Cyclin E, HMGA1 and HMGA2,
even though they also express abundant levels of cell cycle
inhibitors, arrest in both G0/G1 and G2/M phases of the cell
cycle and undergo premature senescence.15

On the other hand, PATZ1 overexpression has been
described in various human malignant neoplasias, including
colon, testicular and breast tumours,16–18 and PATZ1 down-
regulation by siRNA either blocks the growth of colorectal
carcinoma cells16 or increases sensitivity of glioma cell lines to
apoptotic stimuli.19

We have previously demonstrated that a critical mechanism
for the development of B-cell lymphoma in Patz1-ko mice
relies on the increased Bcl6 expression levels consequent to
the lack of negative regulation by PATZ1.13 However, other
mechanisms may be envisaged, especially those involved in
the development of solid tumours, such as hepatocarcinomas
and lung adenomas in Patz1-ko mice.
In order to elucidate other possible mechanisms by which

PATZ1 may be involved in carcinogenesis, we decided to
search for PATZ1-interacting proteins. To this aim,
we screened an antibody (Ab) array that allowed us to identify
several potential PATZ1 interactors. Then, we focused on the
p53 tumour suppressor because of its widely demonstrated
role in cancer.20

We first validated the PATZ1/p53 interaction by
co-immunoprecipitating the endogenous proteins in mammalian
cells, and then we demonstrated that the PATZ1/p53 complex
is present on p53-targeted genes, where PATZ1 enhances
p53 transcriptional activity. Next, we showed that PATZ binds
p53-targeted genes in p53-null Saos-2 cells, where it

regulates transcription in an opposite manner compared
with p53. Finally, we showed that PATZ1 is endowed of both
pro-apoptotic and anti-apoptotic activities, depending on the
cellular context.

Results

PATZ is in the same complex with p53. In order to identify
new PATZ1-interacting proteins, we employed an Ab array
containing hundreds of high-quality antibodies against
well-studied proteins, involved in cell cycle regulation,
apoptosis and signal transduction. The array was incubated
with total cell extracts from HEK293 cells transfected with the
human full-length PATZ1 cDNA, tagged with the HA-epitope
and immunoblotted with anti-HA Ab. The results indicated
an interaction between PATZ1 and several proteins
(Supplementary Figure S1a); among these, we focused our
attention on the oncosuppressor p53 because of its
relevance in cancer pathogenesis.
To confirm the interaction between PATZ1 and p53,

endogenous PATZ1 and p53 were co-immunoprecipitated in
total cell extracts from HEK293 with anti-p53 Ab and analysed
by western blotting with anti-PATZ1 Ab (Figure 1a, upper
panel). Western blot with monoclonal p53 Ab confirmed the
correct immunoprecipitation (IP) of the p53 protein (Figure 1a,
lower panel). The reciprocal experiment performed immuno-
precipitating with anti-PATZ1 Ab and revealing with anti-p53
Ab confirmed the interaction (Supplementary Figure S1b).
Consistent with the specificity of this interaction, no co-IP was
observed when nonspecific IgG was used to immunoprecipi-
tate. These results demonstrate that PATZ1 and p53 are
found in the same complexes in mammalian cells.
To identify the p53 domain involved in the interaction with

PATZ1, pull-down assays were performed using HEK293
total cell extracts and two bacterially expressed p53 deletion
mutants fused to GST (Figure 1b).21 HA-PATZ1 was
transiently transfected into HEK293 cells that were harvested
48 h later. Protein extracts were tested for their interaction
with the GST-p53 deletion mutants. The complexes were
immobilized on a glutathione-Sepharose matrix, separated by
polyacrylamide-SDS gel electrophoresis (SDS-PAGE) and

Figure 1 PATZ and p53 are in the same complex. (a) Co-immunoprecipitation of endogenous PATZ and p53 in HEK293 cells. (b) GST pull-down assay of the GST-p53
fusion proteins represented on the left with cell lysates of HEK293 cells. The bound complexes were separated by SDS-PAGE and the filter was incubated with anti-PATZ Ab
(lower panel). A parallel twin gel was stained with coomassie-blue to show equal amount of the GST-fusion proteins used in the assay (upper panel). IgG¼ nonspecific
antibody; input¼ total cell lysates
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blotted, and the filters were hybridized with an anti-HA Ab. The
GST-p53(295–390) mutant keeps the ability to bind PATZ1,
whereas no binding was observed with the GST-p53(13–295)
(Figure 1b, lower panel). No PATZ1 was detectable in the
complexes obtained with the GST protein alone (Figure 1b,
lower panel). Equal amounts of GST-fusion proteins were
loaded in the pull-down assay, as shown by the blue-
Coomassie staining of a parallel twin gel (Figure 1b, upper
panel). These results suggest that the C-terminal domain of
p53, which comprises the tetramerization (aa 323–356) and
the regulatory (363–393) domains, is responsible for the
interaction with PATZ1.

PATZ1 binds BAX, CDKN1A and MDM2 promoters
together or not with p53. p53 is a sequence-specific
transcription factor whose DNA-binding consensus is present
in a large number of promoters.22 Similarly, PATZ1 is a
transcription factor that binds DNA to specific consensus
sequences in promoter regions of several genes.23 Thus,
we asked whether the physical interaction between PATZ1 and
p53 takes place on promoter regions of known p53 targets.
Therefore, we evaluated whether PATZ1 protein binds the
promoters of p53-target genes, such as BAX, MDM2 and
CDKN1A, by performing chromatin IP (ChIP) assays.
Chromatin from Raji cells was crosslinked and immunopre-
cipitated with anti-PATZ1 or nonspecific IgG. Immunopreci-
pitated chromatin was then analysed by PCR, using primers
spanning the � 250/� 530 region of BAX, the � 400/� 100
region of MDM2 and the � 1550/� 1200 region of CDKN1A,
previously shown to co-immunoprecipitate with p53.21

Occupancy by PATZ1 of the above indicated promoter
regions was detectable in anti-PATZ1-precipitated chroma-
tin. Conversely, no precipitation was observed with IgG

precipitates, and when primers for the control promoter LPL
were used, indicating that the binding of PATZ1 is specific for
the selected promoters (Figure 2a). To determine whether
PATZ1 occupies these promoter regions along with p53,
we performed ChIP and Re-ChIP analysis on HEK293 cells
transiently transfected with HA-tagged-PATZ1, p53 or both
expression vectors. Cells were crosslinked and immunopre-
cipitated (ChIP) with anti-HA Ab, and then re-immunopreci-
pitated (Re-ChIP) with anti-p53 Ab. In particular, a part of the
anti-HA-immunoprecipitated chromatin was analysed using
quantitative PCR for BAX, MDM2 and CDKN1A promoter
amplification, confirming the binding of PATZ to these
promoters (Figure 2b). Another part of the PATZ1 complexes
was subjected to Re-ChIP with anti-p53 Ab, and then
analysed using real-time PCR for BAX, MDM2 and CDKN1A
promoters. The results shown in Figure 2c demonstrate that
PATZ1 and p53 take part to the same complex on BAX and
CDKN1A but not on MDM2 promoters. The reciprocal
experiments, using anti-p53 Ab for the first ChIP and anti-
HA antibodies for the Re-ChIP, confirmed the results
(Supplementary Figure S2). It is worth noting that ChIP and
Re-ChIP experiments have been performed on exogenously
expressed proteins because of the difficulty to obtain good
results when endogenous proteins are not abundantly
expressed.
Taken together, these results indicate that PATZ1 binds the

human BAX, MDM2 and CDKN1A promoters in vivo, and
participate to the same DNA-bound complexes that contain
p53 on the BAX and CDKN1A genes.
Interestingly, the PATZ1 protein was also capable of

binding BAX, MDM2 and CDKN1A promoters in the osteo-
sarcoma-derived p53-null Saos-2 cells (Figure 2d), suggesting
that p53 is not required for the binding of PATZ1 to these

Figure 2 Binding of PATZ to p53-target genes. (a) ChIP assay in Raji cells to detect the endogenous in vivo binding of PATZ to CDKN1A, MDM2 and BAX gene
promoters, as indicated. LPL gene promoter was also analysed as a negative control. (b) ChIP assay, revealed by real-time PCR, in HEK293 cells, transiently transfected with
HA-PATZ and p53, to detect the binding of PATZ to the indicated gene promoters. (c) Re-ChIP assay of the samples shown in b to detect the binding of p53 to PATZ/DNA
complexes on the indicated gene promoters. (d) ChIP assay in Saos-2 cells, transiently transfected with HA-PATZ, to detect the binding of PATZ to the indicated gene
promoters. Mean values±S.D. of triplicates are shown in b–d). IgG¼ nonspecific Ab
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promoters. Moreover, by in silico analysis, using the TraFac
Homology Server,24 we found the specific responsive
elements of PATZ1 (here indicated as MAZR) in the promoter
regions ofMDM2 andCDKN1A, suggesting that the binding of
PATZ1 to these genesmay be direct (Supplementary Table S1).

PATZ1 regulates transcription of p53-target genes. To
study the functional consequences of the complex including
PATZ1 and p53 on p53-target genes, we used reporter
constructs driving luciferase gene expression under control
of the BAX (BAX-luc), MDM2 (MDM2-luc) and CDKN1A
(p21-luc) promoters. HEK293 cells were co-transfected with
each of these reporter constructs together with plasmids
expressing PATZ1, p53 or both proteins. As expected, p53
expression resulted in the upregulation of these promoters.
No significant differences were observed when PATZ1 was
transfected alone, whereas co-transfection of PATZ1 and
p53 significantly enhances BAX promoter activity compared
with that obtained by p53 alone, but had no significant effect
on the other two promoters (Supplementary Figure S3).
As HEK293 cells express abundant endogenous levels
of PATZ1 (Figure 3a), we decided to analyse the
p53-responsive promoter activities in HEK293 cells

interfered for PATZ1. The knockdown of PATZ1 in these
cells, by stable transfection of specific short hairpin (sh)-RNA
(ShPATZ1) (Figure 3b), resulted in the reduction of BAX,
MDM2 and CDKN1A promoter activities and/or gene
expression with respect to the control cells (ShCTRL)
(Figures 3c and d). Furthermore, differently from ShCTRLþ
p53-transfected cells, in which activities of all the promoters
analysed were significantly upregulated compared with
ShCTRL controls, in ShPATZ1þ p53-transfected cells
CDKN1A and MDM2 promoter activities were not signifi-
cantly upregulated compared with ShPATZ1 controls, sug-
gesting that p53 is not able to transactivate CDKN1A and
MDM2 promoters in ShPATZ1 HEK293 cells (Figure 3c).
Consistently, Patz1þ /�MEFs showed decreased levels of
endogenous Bax, Mdm2 and Cdkn1a mRNA, compared with
control wild-type (wt) cells (Figure 3e). These results suggest
that PATZ1 activate expression of the MDM2, CDKN1A and
BAX genes in both HEK293 cells and MEFs, and that it is
required for proper p53 activity on MDM2 and CDKN1A
promoters.
As we showed that PATZ1 is able to bind p53-dependent

gene promoters also in the absence of p53, we also analysed
the affects of PATZ1 knockdown on their transcriptional

Figure 3 PATZ1 knockdown and knockout downregulates p53 activity and p53-target genes in HEK293 cells and MEFs. (a) Western blot analysis of PATZ expression in
different cell lines, as indicated above the panels. Vinculin expression was evaluated as a loading control. Relative expression levels, compared with HEK293 cells and
normalized with respect to vinculin, are indicated on the bottom. (b) Western blot analysis of PATZ expression in Short hairpin (Sh)PATZ1 (ShPATZ1) and backbone vector
(ShCTRL)-expressing HEK293 cells. Vinculin expression was evaluated as a loading control. Relative expression levels, compared with ShCTRL cells and normalized with
respect to vinculin, are indicated on the bottom. (c) Promoter activity of the BAX, CDKN1A and MDM2 genes as assessed by luciferase assay in cells shown in b. Where
indicated, p53 was co-transfected with the reporter plasmids. The data shown express the relative mean values±S.E., compared with ShCTRL, of three or four independent
experiments, each one performed in duplicate. Asterisks indicate the statistical significance compared with ShCTRL. N.S.¼ not significant. (d) qRT-PCR analysis of BAX,
MDM2 and CDKN1A gene expression in ShCTRL and ShPATZ1 cells. Expression levels are normalized to GAPDH, and the levels in ShCTRL cells were set as 1. Mean
values±S.E. of at least four independent experiments are shown. Asterisks indicate the statistical significance versus control cells. (e) qRT-PCR analysis of bax, mdm2 and
cdkn1a gene expression (normalized to Gapdh) in MEFs from Patz1þ /þ and Patz1þ /� mice. Expression levels in Patz1þ /þ samples were set to 1. The data shown
express the mean values±S.E. of at least four experiments. Asterisks indicate the statistical significance compared with Patz1þ /þ MEFs
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regulation in p53-null cells. To this aim, Saos-2 cells,
interfered for the PATZ1 gene, were transfected with the
reporter vectors above indicated, with or without a plasmid
expressing p53, and luciferase activity was analysed (Figures
4a and b). As shown in Figure 4a, the activities of BAX,MDM2
and CDKN1A promoters were increased in cells interfered for
PATZ1 (ShPATZ1) compared with control cells (ShCTRL).
Moreover, the activity of a co-transfected p53 had a trend to
be enhanced in ShPATZ1 cells compared with their control.
Consistently, the endogenous levels of BAX, MDM2 and
CDKN1A mRNA in Saos-2 cells interfered for PATZ1 were
upregulated compared with control cells (Figure 4c). To verify
whether the different behaviour of PATZ in Saos-2 cells
compared with HEK293 cells depends on the absence of p53,
H1299 cells – another p53-null cancer cell line – were used to
analyse the effect of the expression of PATZ on the BAX
promoter, representing one of the above reported promoters.
The results shown in Supplementary Figure S4 confirm also in
this cell line an inhibitory effect of PATZ1 expression on BAX
activity.
Therefore, at odds with the data obtained in HEK293 cells

and MEFs, which endogenously express p53, these results
indicate that PATZ1 downregulates the expression of the
BAX, MDM2 and CDKN1A genes in p53-null cells and
suggest an oncogenic role for PATZ1 in p53-null cells.

PATZ1 can act either as a pro-apoptotic or anti-apoptotic
factor depending on the cellular context. One of the main
functions of p53 is the positive modulation of apoptosis in
response to genotoxic conditions.20 Therefore, to investigate
the biological consequences of the functional interaction
between PATZ1 and p53, we analysed the potential role of
PATZ1 in apoptosis. To this aim, we analysed PARP and
Caspase-3 cleavage in wt and Patz1-ko MEFs using western
blot. As shown in Figure 5a, the expression of the cleaved
Caspase-3, representing cells that undergo apoptosis, is
lower in Patz1� /� MEFs compared with wt controls.
Similarly, Patz1� /� cells also showed reduced levels of
the cleaved PARP protein, another hallmark of apoptosis.
Conversely, no significant differences were observed for
heterozygous cells compared with wt controls. These results
are consistent with reduced spontaneous apoptosis in Patz1-
null MEFs compared with wt controls. Moreover, the
percentage of mortality evaluated by counting viable cells
after exposure to 5-fluorouracil (5FU), a known pro-apoptotic
chemotherapeutic agent acting in both a p53-dependent and
a p53-independent manner,25 was significantly reduced,
or tended to be reduced, in Patz1� /� and Patz1þ /� MEFs,
respectively, compared with wt controls (Figure 5d).
These results suggest a pro-apoptotic role for PATZ1 in
these cells.
Next, we analysed 5FU-induced apoptosis in HEK293 and

Saos-2 cells interfered or not for PATZ1. As shown in
Figure 5e, PATZ1 silencing enhanced sensitivity of Saos-2
cells to the pro-apoptotic treatment. This was consistent with
the increased levels of the Bax gene in Saos-2 cells interfered
for PATZ1. Conversely, no significant differences were
observed in HEK293 cells likely because of the high
data variability among independent experiments. However,
in each experiment we observed a high tendency of HEK293-
interfered cells to be more sensitive to the chemotherapeutic
treatment comparedwith control cells (SupplementaryFigureS5).
All together, these results suggest a dual pro-apoptotic/
anti-apoptotic role for PATZ1, which depends on the cellular
context, and open new interesting therapeutic possibilities in
osteosarcomas.

Discussion

The development of several malignancies in Patz1-ko mice
suggests a key role for the PATZ1 gene in tumorigenesis,13

which appears to be confirmed by its frequent misexpression
in human cancer.3,16–18 We employed an Ab array screening
to identify the proteins interacting with PATZ1 in order to
unveil the mechanisms by which PATZ1 is involved in
tumourigenesis. From this screening we identified the tumour
suppressor p53 in the same complex with PATZ1. Subse-
quently, we have studied the functional consequences of
this interaction demonstrating that PATZ1 interference
(in HEK293 cells carrying a wt p53) results in the inhibition of
the p53 activity on the transcriptional regulation of p53-target
genes, including BAX, MDM2 and CDKN1A, thus suggesting
a positive role for PATZ1 on p53 transcriptional activity.
Moreover, Patz1-null MEFs show a decreased number of
apoptotic cells, either spontaneous or induced by treatment
with the 5FU pro-apoptotic drug, compared with wt controls.

Figure 4 PATZ1 knockdown upregulates p53 activity and p53-target genes in
Saos-2 cells. (a) Promoter activity of the BAX, CDKN1A and MDM2 genes as
assessed by luciferase assay in Saos-2 cells interfered for PATZ1 (ShPATZ1) and
their backbone vector expressing control (ShCTRL). Where indicated, p53 was co-
transfected with the reporter plasmids. The data shown express the mean
values±S.E. of three independent experiments. Asterisks indicate the statistical
significance versus promoter basic activity. (b) Western blot analysis of PATZ
expression in cells shown in a. Vinculin expression was evaluated as a loading
control. Relative expression levels, compared with ShCTRL cells and normalized
with respect to vinculin, are indicated on the bottom. (c) qRT-PCR analysis of BAX,
MDM2 and CDKN1A gene expression in cells shown in a and b. The data shown
express the mean values±S.E. of three independent experiments
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These results are in agreement with the potential tumour
suppressor role of PATZ1, as it enhances the activity of a
tumour suppressor gene and its loss confers resistance to
apoptosis.
Whereas the positive effect of PATZ1 on p53 activity

evidences a clear tumour suppressor function of PATZ1,
we also describe an oncogenic potential for PATZ1. Apparently,
this occurs when PATZ1 works in absence of p53. Indeed,
PATZ1 knockdown upregulates transcriptional activity and
expression of the BAX, MDM2 and CDKN1A genes in the
p53-null Saos-2 cells, and enhances their sensitivity to 5FU
pro-apoptotic treatment. Consistently, PATZ1 expression in
another p53-null cancer cell line (H1299) causes down-
regulation of BAX promoter activity. This is in agreement with
previous results showing that siRNA downregulation of
PATZ1 increases sensitivity of glioma cells (mostly carrying
amutant p53 gene and resistant to conventional chemotherapy)
to apoptotic stimuli.19 Therefore, we can speculate that
targeting of PATZ1 in p53-null tumours, which are mostly
resistant to conventional chemotherapic treatment, could be
envisaged as an adjuvant therapy to improve the sensitivity
of the cancer cells to the conventional chemotherapy.
Conversely, if a tumour retains the wt TP53 gene and PATZ1
is underexpressed, increasing the expression of PATZ1 could
enhance p53 activity, thus improving induction of the
apoptotic process.
It has been previously shown that HMGA1, a protein

interacting with PATZ1, binds to p53 and inhibits its apoptotic
activity.21,23 It would be interesting to determine whether the
interaction between PATZ1 and HMGA1 might interfere with
the activity of p53. We can hypothesize that in tumours

carrying a wt TP53 gene, the balance between HMGA1 and
PATZ1 protein levels might have opposite effects on the
activity of p53 and, consequently, in tumourigenesis and in
response to anticancer treatments. It is noteworthy that in
differentiated thyroid cancer, which shows a very low
frequency of mutations in the TP53 gene but a reduced p53
activity,26 HMGA1 is overexpressed27 and PATZ1 is down-
regulated compared with normal thyroid tissue (Chiappetta
et al., manuscript in preparation).
Recent deep-sequencing analyses confirmed earlier

reports of TP53 somatic mutations in B20% of diffuse large
B-cell lymphomas (DLBCLs),28–30 a much lower percentage
than in certain non-haematologic malignancies.31,32 None-
theless, 66% of DLBCLs show decreased abundance of
functional p53 and reduced levels of p53 targets.33 Therefore,
additional bases of p53 deregulation in DLBCLs are still to be
defined. Owing to the role of PATZ1 on p53 activity, we could
speculate that the downregulation of the PATZ1 gene might
be one of the upstream events in the deregulation of
p53-dependent pathways in these lymphomas. Consistently,
the main malignant phenotype in Patz1-ko mice is the
development of DLBCLs, where BCL6, which is known to
suppress p53 expression,34 is upregulated.13

In conclusion, our data demonstrate that PATZ1 is able to
interact with p53 and enhance the expression of the genes
regulated by p53, then increasing the susceptibility to
apoptosis, according to a tumour suppressor role of PATZ.
However, the absence of p53 leads PATZ1 to inhibit the same
genes, enhancing cell survival. Therefore, our data seem to
confirm an oncogenic or anti-oncogenic role for PATZ1 in
carcinogenesis depending on the cellular context.

Figure 5 PATZ1 deficiency has a dual anti-apoptotic/pro-apoptotic role depending on the cellular context. (a) Western blot analysis of cleaved caspase-3 and PARP
protein expression in Patz1þ /þ , Patz1þ /� and Patz1� /� MEFs. Relative expression levels, compared with Patz1þ /þ cells and normalized with respect to tubulin, are
indicated on the bottom. (b) Cell viability assay in Patz1þ /þ , Patz1þ /� and Patz1� /� MEFs treated with different doses of 5FU as indicated on the top. The results show
the percentage of cell mortality, expressed as mean values±S.E. of three independent experiments, compared with not treated controls. Asterisks indicate the statistical
significance compared with Patz1þ /þ MEFs. (c) Saos-2 and HEK293 cells interfered (ShPATZ1) or not (ShCTRL) for PATZ1 were treated with 5FU at different doses, as
indicated at the bottom. The percentage of cell viability is shown as mean±S.E. of four independent experiments. Asterisks indicate the statistical significance compared with
ShCTRL cells
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Materials and Methods
Cell cultures. HEK293, Saos-2 and H1299 cells were grown in DMEM
containing 10% fetal bovine serum (Life Technologies, Monza, Italy), 1% glutamine
(Life Technologies) and 1% penicillin/streptomycin (Life Technologies). Primary MEFs
obtained from 12.5-day-old embryos of timed pregnancies between Patz1þ /� mice,
previously described,13 were grown in DMEM (Life Technologies) containing 10%
fetal bovine serum (Hyclone, Erembodegem, Belgium), 1% glutamine, 1%
penicillin/streptomycin and 1% gentamicin (Life Technologies).

Plasmids, transfections, gene interference and luciferase
activity assays. Full-length PATZ1 cDNA (variant 4) for the human PATZ
protein was subcloned into the EcoRI site of the pCEFL-HA vector, in frame with
the upstream HA tag (pHA-PATZ). Expression plasmid for wt p53 (pCAG-p53) has
been described previously.35 PATZ1 knockdown in HEK293 and Saos-2 cells was
carried out by stable transfection of specific sh-RNA for human PATZ1
(KH08765P; Qiagen, Milano, Italy) after selection in 1 mg/ml puromycin. pBAX-
luc, pMDM2-luc or p21-luc reporter vectors have been described previously.21

All transfections were carried out by Lipofectamine 2000 (Life Technologies)
according to the manufacturer’s protocol. For Luciferase assays, the pCMV-Renilla
plasmid (Promega, Mannheim, Germany) was co-transfected with pHA-PATZ and/
or pCAG-p53. Luciferase and Renilla activities were assessed with the Dual-Light
Luciferase system (Promega), according to the manufacturer’s protocol, 48 h after
the transfection. Luciferase activity was normalized for the Renilla activity. All the
experiments were performed at least three times in duplicate or triplicate and the
mean±S.E. was reported.

Ab array. We used an Ab array filter (Hypromatrix Incorporation, Worcester,
MA, USA) in which 100 antibodies, including those against proteins involved in cell
cycle regulation, apoptosis and signal transduction pathways, are immobilized on a
membrane, at predetermined positions, and retained their capabilities of
recognizing and capturing antigens. After incubation with total cell lysates from
HEK293 cells overexpressing HA-PATZ, an immunoblot assay was performed
following the manufacturer’s instructions using an HRP-conjugated anti-HA Ab
(sc-805 HRP; Santa Cruz Biotechnology, Dallas, TX, USA).

Protein extraction, IP and western blotting. For protein extraction,
cells were lysed in lysis buffer containing 1% NP-40, 1 mM EDTA, 50 mM Tris-HCl
(pH 7.5) and 150 mM NaCl, supplemented with complete protease inhibitors
mixture (Roche, Monza, Italy). Total proteins were separated on a 8–10% SDS-
PAGE and transferred to nitrocellulose membranes (GE Healthcare, Milano, Italy)
by electroblotting. Membranes were blocked with 1� TBS, 0.1% Tween-20 with
5% BSA and incubated with antibodies. The antibodies used were as follows: anti-
p53 (DO-1/sc-126 mouse monoclonal, Santa Cruz Biotechnology; and Ab7 sheep
polyclonal, Calbiochem, Billerica, MA, USA), anti-PATZ (polyclonal Ab raised
against a conserved peptide recognizing all PATZ isoforms of mouse and human
origin), anti-HA (sc-805; Santa Cruz Biotechnology), control IgG (sc-2027; Santa
Cruz Biotechnology), anti-Myc (sc-40; Santa Cruz Biotechnology), anti-PARP
(sc-7150; Santa Cruz Biotechnology) and anti-cleaved Caspase-3 (9664P; Cell
Signaling Technology, Danvers, MA, USA). IP and Co-IP procedures were carried
out as previously described.36

GST pull-down assay. Bacterial expressed GST-p53 mutant GST-p53(13–295)
and GST-p53(295–390) proteins were bound to glutathione agarose and used for
binding assays with total extracts from HEK293 cells transfected or not with
pHA-PATZ expression plasmid. Briefly, proteins in the extracts were allowed to
associate with the beads carrying either GST or GST-p53 mutants for 2 h in NETN
buffer (20 mM Tris pH 8.0; 100 mM NaCl; 1 mM EDTA; 0.5% NP-40) at 4 1C.
The protein complexes were washed four times in the same buffer, dissociated by
boiling in loading buffer, and electrophoresed on a 12% SDS gel. The proteins
were transferred to nitrocellulose and visualized with Red Ponceau staining.
Subsequently, they were washed and processed with western blot for PATZ
detection as described above.

ChIP and re-ChIP assays. ChIP was carried out with an acetyl-histone H3
immunoprecipitation assay kit (Upstate Biotechnology, Lake Placid, NY, USA)
according to the manufacturer’s instruction, and subjected to Re-ChIP as
previously described.36 Chromatin samples, derived from Raji or HEK293 cells
transfected or not with pHA-PATZ and pCAG-p53, were subjected to IP with the
following specific antibodies: anti-PATZ, anti-HA, anti-p53 (Calbiochem). For

qPCR, 3 ml of 150ml IP DNA was used to amplify BAX, CDKN1A and MDM2
promoter regions. IgG was used as nonspecific controls, and input DNA values
were used to normalize the values from quantitative ChIP samples. Percent of IP
chromatin was calculated as 2DCt� 3, where DCt is the difference between Ctinput

and CtcIP.37 Primer sequences are available on request.

RNA extraction and quantitative (q)RT-PCR. Total RNA was
extracted using TRI-reagent solution (Life Technologies) according to the
manufacturer’s protocol. qRT-PCR was performed with the SYBR Green PCR
Master Mix (Life Technologies) under the following conditions: 10 min at 95 1C,
followed by 40 cycles (15 s at 95 1C and 1 min at 60 1C). Each reaction was
performed in triplicate in three independent experiments. We used the 2�DDCt

method to calculate the relative expression levels.38 Primer sequences are
available upon request.

Cell viability analysis. MEF wt or ko for Patz1, as well as HEK293 and
Saos-2 cells, interfered or not for PATZ1 were treated with 5FU and cell viability
was assessed using the CellTiter-Glo Luminescent Cell Viability Assay (Promega),
according to the manufacturer’s instructions. Percentage of cell mortality was
calculated applying the formula 1� cell survival of treated cells/cell survival of
untreated cells.

Statistical analyses. The one-way ANOVA followed by Tukey’s multiple
comparison test was used to compare groups of experiments. Differences
between two sets of data were analysed by two-tailed unpaired t-test, where
significance levels were set as follows: *Pr0.05; **Pr0.01; ***Pr0.001.
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