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Abstract

We previously reported that the tumor suppressor protein p53 participates in a negative feedback
loop to fine-tune PKD1 gene expression. This physiological pathway is believed to prevent
polycystin-1 overexpression and thus renal cysts. The present study examined the mechanisms of
p53-mediated repression of PKD1. The 5’-upstream region of the human PKD1 gene is TATA-less,
GC rich and contains four consensus p53 binding sites at positions —2.7kb (BS4), —1.2kb (BS3),
—0.8kb (BS2) and —0.2kb (BS1), respectively. PKD1851-4 are bound to endogenous p53 in vivo and
in vitro. Transient transfection assays in inner medullary collecting duct cells revealed that disruption
of PKD1BS1 enhances baseline PKD1 promoter activity; in contrast, disruption of PKD1854
suppressed PKD1 transcription. PKD1BS1 confers p53-mediated repression when substituted for the
p53 enhancer element in the bradykinin B2 receptor gene, indicating that PKD18%1 is a bona fide
p53 repressor element. Moreover, PKD1BS! requires intact BS2-4 and cellular histone deacetylase
activity for full functional activity. Indeed, the PKD1BS1/4 regions are occupied by a complex
containing HDAC1/2 and mSin3. These findings suggest a model whereby p53 exerts a biphasic
control on PKD1 gene transcription, depending on cellular context and the cognate cis-acting
element.
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INTRODUCTION

Autosomal dominant polycystic kidney disease (ADPKD) is a genetically inherited disorder
with an incidence of 1 in 500 to 1 in 1000 [1-4]. ADPKD is characterized by formation of
renal cysts in all parts of the nephron and the collecting duct, leading to end-stage renal failure
in 50% of ADPKD cases by the fifth decade of life. The polycystic disease-1 gene (PKD1)
located on human chromosome 16p13.3 codes for the protein polycystin-1 (PC1) [3]. Mutations
in PKD1, resulting in a dysfunctional PC1, are the major cause (85%) of all ADPKD cases,
whereas the remaining cases are caused by mutations in PKD2 (15%) [4,5]. The PC1/2 complex
regulates intracellular Ca2* entry and release, and signaling pathways such as Wnt-p-catenin,
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c-Jun/AP-1, Ets, Calcineurin/NFAT and JAK2/STAT1-p21 [6-11]. These signaling pathways
play an important role in differentiation, proliferation, apoptosis and cell polarity and are
deregulated in PC1-deficient and/or mutant cells leading to formation and expansion of tubular
cysts [1-4].

Appropriate control of the PKD1 gene is crucial since over- or under expression of PKD1 in
mice results in deregulated terminal differentiation and cystogenesis [5,12—16]. Recent studies
have provided insights into the transcriptional regulation of the PKD1 gene. Rodova et al.
[17] have shown that B-catenin is a transcriptional activator of PKD1 through binding to a TCF/
LEF element present in the PKD1 promoter. Interestingly, mice harboring a kidney specific
f-catenin transgene exhibit a PKD-like phenotype [10]. Using computational gene analysis,
Lantinga-van Leeuwen et al. [16] identified binding sites for transcription factors AP2, E2f,
E-BOX, EGRF, ETS, MINI, MZP1, SP1 and ZBP89 in the PKD1 5’-upstream region, which
are conserved in mouse, canine and human genomes. More Recently, it has been demonstrated
that the transcription factor SP1 positively regulates murine pkd1 promoter activity through at
least two of three SP1-response elements at position —65 (SP1A) and —46 (SP1B) with SP1A
having a more prominent role than SP1B [18]. Subsequent studies demonstrated that retinoic
acid and retinoic acid receptors RAR and RXR induce PKD1 promoter activity in a manner
that is dependent on the interaction of SP1 motifs and protein in the PKD1 proximal promoter
region [19].

Our laboratory has previously identified the tumor suppressor protein/transcription factor, p53,
as a negative regulator of PKD1 gene transcription [20]. PKD1 mRNA levels are higher in
kidneys of newborn p53~~ mice than wild type littermates. In transient transfection assays,
p53 represses PKD1 promoter-driven transcription. Moreover, irradiation of HCT116 human
colon carcinoma cells resulted in reduced levels of PKD1 mRNA in p53*/* but not p53~ cells,
suggesting that p53 is a physiological negative regulator of PKD1 gene transcription [20]. In
support of this conclusion, chromatin immunoprecipitation (ChIP) assays revealed in vivo
binding of p53 to the promoter region of the PKD1 gene [20]. However, the functional
relevance of these cis-acting elements has not been defined.

The present study was designed to further delineate the mechanisms underlying p53-mediated
repression of PKD1 gene transcription. Our results indicate that p53 exerts dual roles in
PKD1 gene regulation. Furthermore, PKD1 harbors a p53-response element which dictates
active repression in association with an HDAC co-repressor complex.

METHODS

Cell Culture and Transient Transfections

Mouse Inner Medullary Collecting Duct (IMCD3) cells were obtained from the American Type
Culture Collection. IMCD3 cells were maintained in Dulbecco’s Modified Eagle Medium/F12
(DMEM/F12) containing 10% Fetal Bovine Serum at 37°C in a humified incubator with 5%
CO». Transient transfections were performed utilizing Lipofectamine and PLUS reagent
(Invitrogen) according to the protocols supplied by the manufacturer. Cells were co-transfected
with 1ug promoter-reporter construct, 0.4ug p-galactosidase expression plasmid (to monitor
transfection efficiency) with or without pPCMV-p53 expression plasmid. In experiments
utilizing Trichostatin A (TSA), cells were treated with TSA (50 ng/ml) or vehicle (Me,SO)
two hours before transfection and again four hours after transfection. Twenty four hours post-
transfection, the cells were lysed, and activities were determined utilizing enzyme assay kits
for luciferase and B-galactosidase (Promega) and chloramphenicol acetyltransferase (CAT)
activity as described [21]. All experiments were performed in duplicate, and results represent
means + S.E. of at least three independent experiments.
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Plasmids and reporter constructs

The human —3.3kb hPKD1/+33-bp luciferase promoter construct in a pGL2-basic vector and
the p53 expression plasmid pPCMV-p53 were kindly supplied by J. Calvet (University of Kansas
Medical Center) and G. Morris (Tulane University Cancer Center), respectively. The promoter-
reporter construct pBdkrB2 —1184/+55-CAT and its derivatives lacking the P1 (P2/AP1) and
P2 (AP2/P1) sites were generated in our laboratory [22]. Utilizing these pBdkrB2 constructs,
a series of insertions were performed using reagents and protocols from the Quick-Change site-
directed mutagenesis kit (Stratagene). The mutagenesis primers used to generate the various

promoter-CAT constructs are depicted in Table 1.

The mutant —3.3kb PKD1/+33-bp luciferase promoter constructs carrying deletions in the p53-
binding sites (ABS4, ABS3, ABS2 and ABS1) were created as follows: mutant constructs
ABS4 and ABS3 were generated through sequential mutagenesis reactions; each reaction
resulted in a deletion of 5bp. A single-step mutagenesis reaction resulted in 10bp deletion in
ABS2 and ABS1 constructs. The double, triple and quadruple mutant promoter-reporter
constructs were engineered similarly by means of additional mutagenesis reactions. The
mutagenesis primers and the promoter-luciferase constructs used are depicted in Table 2.

Electrophoretic Mobility Shift Assays (EMSA)

[32P]-labeled duplex oligonucleotides (~50,000 cpm) were incubated for 20 minutes at room
temperature with 3.5 pg of nuclear extract from IMCD3 cells and the binding buffer (20 mM
Hepes, pH 7.9, 12% glycerol, 50 mM KCI, 0.2 mM EDTA, 1 mM Spermidine, 0.5 mM
Dithiothreitol and 2 ug of Poly (dI-dC)). Reactions containing an antibody against acetylated-
p53 (K373, K382) (Upstate Biotechnologies) were pre-incubated with nuclear extract on ice
for 30 minutes before adding the [32P] Labeled duplex oligonucleotides. The binding reaction
was loaded onto a 6% acrylamide gel, and subjected to electrophoresis at 200 volts for
approximately 2 hrs in 0.25 X Tris Borate EDTA solution. Following electrophoresis, the gel
was soaked in a 10% glycerol solution for 10 minutes and placed onto Whatman paper, covered
with plastic foil and dried for 1.5 hours at 80°C. The dried gel was then exposed to a phosphor-
imager plate overnight.

Reverse Transcriptase Polymerase Chain Reaction (RT-PCR)

For RT-PCR the Superscript™ First-Strand Synthesis System for RT-PCR (Invitrogen) was
used. The primer sequences for the GAPDH gene were as follows: forward, 5-AAT GCATCC
TGC ACC ACC AA-3'; reverse, 5'-GTA GCC ATATTC ATT GTC ATA-3', giving a 515-
bp product. The PCR reaction conditions were: 94°C x 50s, 55°C x 50 s, and 72°C % 1 min
and 30 s, 1.5 mM MgCl,, 25 cycles. The primer sequences for the human PKD1 gene were as
follows: forward, 5'-CGC CGC TTC ACT AGC TTC GAC-3'; reverse: 5'-ACG CTC CAG
AGG GAG TCC AC-3', giving a 260-bp product. The PCR conditions were: 94°C x 50s, 62°
Cx50s,and 72°C x 1 min and 30 s, 1.5 mM MgCl,, 27 cycles. The primer sequences for the
human p21Wafl/cipl gene were as follows: forward, 5'-~AGC TGA GCC GCG ACT GTGAT-3;
reverse, 5-CTG AGC GAG GCA CAA GGGTA-3', giving a 285-bp product. The PCR
conditions were: 94°C x 50s, 60°C x 50s, and 72°C x 1 min and 30s, 1.5 mM MgCl,, 25 cycles.

Western Blot Analysis

Immunoblotting was performed as described [23]. Primary antibodies included p53, FL-393
(Santa Cruz Biotechnologies, 1:500), mSin3a (Abcam, 1:4000), HDAC1 (Abcam, 1:2000),
and HDAC?2 (Abcam, 1:2000). The immuno-reactive bands were visualized using the enhanced
chemiluminescence detection system (Amersham Biotechnologies) and captured digitally
using the Alpha Innotech Chemilmager. In order to verify the correct molecular weight of the
target proteins, 3ul of MagicMark ™ XP Western Standard (Invitrogen) was included.
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Chromatin Immunoprecipitation (ChlP)

ChIP assays were performed using reagents and protocols from the EZ ChIP™ Chromatin
Immunoprecipitation Kit (Upstate Biotechnology), as described [24], with minor
modifications. IMCD3 cells were plated in 100mm plates at a density of 2x10° cells/well and
cultured in Dulbecco’s Modified Eagle medium F12 (DMEM/F12, Gibco®Cell culture
systems) supplemented with 10% FBS. The following day, cells were transfected with 1ug of
hPKD1 promoter construct. Twenty four hours post-transfection, cells were cross-linked using
a 1% formaldehyde solution in DMEM/F12 medium for 10 min at room temperature. Glycine
was added to each well to quench unreacted formaldehyde for 5 min at room temperature. Cells
were washed twice in ice-cold PBS followed by lysis in SDS lysis buffer. DNA was sheared
by sonication yielding DNA-fragment between 500 and 1000 bp and diluted 10-fold in ChIP/
dilution buffer. After dilution, 60 ul of Protein G agarose beads were added and incubated for
1 hour at 4°C with rotation in order to remove nonspecific DNA/protein-protein G agarose
complexes. After pre-clearing of chromatin, the solution was centrifuged at 4000g for 1 min,
10ul (1%) was removed from the supernatant as input, and the remaining supernatant was
divided into equal amounts and used in immunoprecipitation. Immunoprecipitation was
performed with antibodies to p53, acetylated histone 3 (Upstate), HDAC1 and HDAC2, and
mSin3A (Abcam) overnight at 4°C with rotation. The DNA-protein-antibody complexes were
recovered on protein G agarose beads. The DNA-protein complexes were eluted from the
agarose beads and the DNA-protein cross-links were reversed at 65°C overnight. Next, the
immunoprecipitated DNA was subjected to RNase A and Proteinase K treatment (30 minutes
at 37°C and 1.5 hours at 45°C respectively), followed by purification. PCR was performed in
the regions flanking the p53-binding sites BS1 or BS4.

RESULTS

p53 binds PKD1 p53BS1-4 in Vitro

Previously, we demonstrated using ChIP-PCR that p53 binds chromatin in four regions
containing putative p53 consensus sequences (BS1-4) in the PKD1 promoter [20] (Fig. 1A).
Here, we used EMSA to determine the direct binding of p53 to each of these four DNA
elements. Nuclear proteins extracted from IMCD3 cells were incubated with 32P-labeled
oligoduplexes representing BS1-4. The results revealed the formation of one or more DNA-
protein complexes (asterisk in Fig. 1B, lanes 2, 5, 8, 11 and 14). Interestingly, the binding
pattern and number of complexes were somewhat different depending on the DNA sequence,
presumably related to differences in p53 oligomerization and/or presence of partners in the
complex. The high affinity p53 binding site (P1) in the rat Bradykinin Type 2 receptor
(BdkrB2) promoter was used as a positive control [21,22]. Addition of antibody against
acetylated p53 resulted in a specific super shift (Fig. 1B, lanes 3, 6, 9, and 15). In this regards,
previous studies have shown that p53 acetylation on K373 and K382 enhances p53 DNA
binding affinity and transcriptional activity [25]. In contrast, addition of irrelevant antibodies
against the water channel AQP2 or mouse IgG did not result in a supershift (Fig. 1B),
demonstrating the specificity of the DNA binding activity. Of note, labeled BS1-4
oligoduplexes bind recombinant p53 and this can be enhanced in the presence of a p53 antibody
(data not shown). These findings extend our previous data by showing that p53 binds directly
and specifically to the BS1-4 DNA elements.

Mutagenesis of BS1-4 reveals differential effects of p53 on PKD1 promoter activity

We have shown so far that p53 binds the PKD1 promoter at four different regions: —2.7kb,
—1.2kb, —0.8kb and —0.2kb, corresponding to BS4-1, respectively. To investigate the functional
relevance of each of these p53-binding DNA elements, we used site-directed mutagenesis to
generate mutant constructs of the parental —3.3 kb PKD1-luc construct. A schematic
representation of the wild-type and mutant constructs is depicted in Fig. 2A. Mutagenesis of
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p53 BS1, referred to as ABS1-luc heretofore, resulted in 1.6-fold increase of baseline promoter
activity as compared to the wild type PKD1-luc construct (Fig. 2B). This effect was also
observed in HCT116 p53*/* but not in isogenic HCT116 p53~/~ cells (data not shown). These
results are consistent with our previous report that p53 represses a —0.2kb PKD1-luc construct
[20], and suggest that BS1 mediates transcriptional repression of PKD1.

We next examined the role of BS2 located at —0.8kb of PKD1 promoter. Transient transfection
assays revealed that ABS2-luc exhibits a modest but statistically significant decrease (—25%)
in baseline activity as compared to wild type PKD1-luc construct (Figure 2B) (p<0.05). This
effect was not observed in HCT116 cells (data not shown), suggesting a cell-type specific role.

Mutagenesis of BS3 at position —1.2kb of the PKD1 promoter (ABS3-luc) resulted in 1.4-fold
increase of baseline promoter activity as compared to the wild type PKD1-luc construct in
IMCD3 cells (Fig. 2B). Thus, similar to BS1, BS3 mediates transcriptional repression of
hPKDL1.

Mutagenesis of BS4 at position —2.7kb of the PKD1 promoter resulted in a significant 60%
decrease in baseline promoter activity in both IMCD3 (Fig. 2B) and HCT116 cells (not shown)
(p<0.05). Therefore, BS1 and BS3 act as repressor elements, whereas BS4 and BS2 function
as enhancers. To test the latter hypothesis more rigorously, we examined the effect of ABS1/
ABS4 on PKD1 promoter activity. Transfection of this double mutant construct in IMCD3
cells resulted in a significant increase of basal promoter activity as compared to the wild type
construct (1.38 £ 0.04, p<0.05) (Fig. 2B), suggesting that BS4 may play a modulating role to
prevent excessive repression of the PKD1 transcription by p53.

PKD1 p53BS1 mediates heterologous repression of a TATA-less gene

We previously demonstrated that BS1 is functional and responsive to p53 in the context of a
synthetic TATA-Luc promoter construct. In this setting, p53 activated, rather than repressed,
transcription in an orientation-independent manner [20]. However, since the PKD1 promoter
lacks a TATA box, we tested whether BS1 retains its repressive function within the context of
a native TATA-less promoter, in this case the rat bradykinin receptor B2 promoter (BdkrB2).
The BdkrB2 promoter has two functional p53 binding sites, P1 and P2, at positions — 70 and
—707 bp, relative to the transcription start site [22,23]. BdkrB2-P1 is a bona fide positive p53-
response element, and deletion of BdkrB2-P1 abrogates p53-mediated activation. In contrast,
BdkrB2-P2 acts as a negative regulatory element [22,23]. Using site-directed mutagenesis, we
generated hybrid BdkrB2-(BS1)-CAT constructs, where the BS1 sequence of PKD1 was
inserted in place of P1, either in the presence of P2 (P2/BS1) or absence of P2 (AP2/BS1). A
schematic representation of the parental (P2/P1) and mutant constructs is depicted in Fig. 3A.

Transient transfection assays in IMCD3 cells demonstrated that P2/BS1 has a baseline activity
similar to that of the wild type P2/P1 construct. However, whereas exogenous p53 activated
the P2/P1 promoter construct, p53 repressed P2/BS1 (Fig. 3B). To determine if this repression
is mediated by BS1 or P2, we compared the activities of P2/BS1 and AP2/BS1 constructs. The
results demonstrated that baseline activity of AP2/BS1 was significantly lower than AP2/P1
(Fig. 3C), consistent with the known function of P1 as a proximal enhancer element. In addition,
basal AP2/BS1 promoter activity was higher than P2/BS1, suggesting that the P2 binding site
may oppose BS1-mediated repression. Furthermore, exogenous p53 failed to activate AP2/
BS1, whereas it activated AP2/P1 (Fig. 3C). These results suggest that PKD1-p53BS1
maintains its repressive function in the context of a heterologous TATA-less promoter, but acts
as an enhancer element upstream of a TATA-containing promoter [20].
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BS2-4 mutagenesis abolishes BS1-mediated repression

In order to delineate further the functionality of the p53 binding sites present in the PKD1
promoter, we generated a triple mutant construct: PKD1-ABS2/3/4-luc, where the p53 BS2, 3
and 4 are mutated but BS1 is left intact, and a quadruple mutant ABS1/2/3/4-luc, having all
four sites mutated. Transient transfection of the ABS2/3/4-luc in IMCD3 cells resulted in a
4.5-fold increase of baseline promoter activity compared to the wild type construct (Fig. 4).
Similarly, the quadruple mutant ABS1/2/3/4 had a 4-fold higher baseline activity than wild
type construct (Fig. 4). These results, together with those in Fig. 2B, suggest that p53-mediated
repression via BS1 is dependent on intact function of BS2-4, since removal of the three
upstream p53 binding sites negated BS1-mediated repression.

HDACs contribute to BS1-mediated repression

We previously demonstrated that p53-mediated repression of PKD1 is blunted by Trichostatin
A (TSA), a general inhibitor of class I and Il histone deacetylases (HDACS) [20]. In order to
investigate the contribution of HDACs to BS1-mediated repression, IMCD3 cells were
transfected with the —3.3PKD1-luc construct or its mutant derivative PKD1ABS1-luc and were
treated with TSA or vehicle. Baseline activity of —3.3hPKD1-luc increased more than 2-fold
upon TSA treatment as compared to vehicle-treated cells (Fig. 5A). In contrast, TSA failed to
increase transcriptional activity of the mutant construct ABS1-luc, suggesting that p53 recruits
a repressor complex containing HDACSs to BS1.

One of the basic mechanisms by which p53 exerts transcriptional repression is through
interaction with and recruitment of a co-repressor complex composed of mSin3A and HDACs
[26,27]. In this regard, a p53 construct carrying mutations in a C-terminal domain required for
proper interaction with mSin3a and HDAC1 [28] failed to repress PKD1 promoter [20].
Accordingly, we performed ChIP assays to determine whether a p53-mSin3A-HDAC complex
assembles on the PKD1 promoter utilizing primer which can amplify human, not mouse,
PKD1 promoter sequences in regions flanking BS1/4. The human PKD1-Luc construct was
transiently transfected into IMCD3; twenty-four hrs later, cells were subjected to
immunoprecipitation using antibodies against p53, mSin3A, HDAC1 and HDAC2, and
acetylated histone H3. Western blot analysis confirmed the specificity of the antibodies used,
as well as expression of p53, mSin3A, HDAC1 and HDAC?2 in IMCD3 cells (Fig. 5B). The
results revealed that BS1/4 are bound by p53, mSin3, and HDAC1/2 (Fig. 5C). These regions
are also bound with CBP (a histone acetyltransferase), consistent with the presence of baseline
acetylated Histone H3.

DISCUSSION

The present study demonstrates the presence of four p53-response elements in the human
PKD1 promoter; two of these sites, BS1 (proximal) and BS4 (distal) are functional antagonists.
Further, PKD1 harbors a p53-response element (BS1) which dictates active repression in
association with an HDAC co-repressor complex.

The upregulation of PKD1 promoter activity as a result of BS1 mutagenesis is consistent with
the fact that p53 represses a —200bp PKD1 promoter-reporter construct, which contains the
BS1 motif [20]. Besides p53BS1, the —200bp proximal PKD1 promoter region contains Ets
binding sites, which respond to the Ets factors Ets-1 and Fli-1, as well as multiple Sp1 binding
sites [7,19]. Deletion of the 5’ decamer of BS1 did not disrupt any of the above-mentioned
binding sites; therefore, the increase in baseline activity of the ABS1 mutant construct is likely
due to disruption of p53-BS1 interactions.
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We previously reported that BS1 is functional when placed upstream of a TATA-box in the
context of a synthetic reporter construct; in this setting, interaction of p53 with BS1 mediates
transcriptional activation rather than repression [20]. However, since the PKD1 promoter is
TATA-less, we examined BS1 function in the context of a native TATA-less promoter. To this
end, we took advantage of a well characterized p53-target gene, the bradykinin B2 receptor
(BdkrB2). The BdkrB2 promoter contains two p53 binding sites, P1 and P2, at positions —70
and —707 bp, relative to transcription start site, respectively. P1 mediates transcriptional
activation, whereas P2 mediates repression [22]. We swapped P1 with BS1 and demonstrated
that although baseline activity was similar as compared to the wild type construct (P2/P1),
exogenous p53 repressed the P2/BS1-reporter construct but activated the P2/P1-reporter
construct. Moreover, removal of the P2 site (AP2/BS1) reduced baseline promoter activity to
a level lower than AP2/P1; and addition of p53 failed to induce activation. We therefore
conclude that BS1 functions as a repressor within the context of a TATA-less promoter. In this
regard, there is evidence that p53 associates with the transcriptional machinery to modulate
gene transcription [29,30].

p53 is a transcription factor which can activate or repress gene transcription depending on the
target promoter and the nature of co-recruited cofactors (e.g., HDAC/mSin3 vs. CBP/p300)
[26]. We reasoned that p53 represses PKD1 via recruitment of an HDAC/mSin3a complex.
Since TSA can no longer induce activation of PKDL1 transcription in the absence of BS1, it is
reasonable to conclude that HDAC recruitment to the PKD1 promoter depends on intact BS1-
p53 interactions. On the other hand, the decrease of PKD1 promoter activity when both BS1
and BS4 were mutated suggests that BS4 is involved in “linking” of distal and proximal DNA
response elements by p53. Although we did not study the precise mechanism by which BS1
and BS4 interact functionally, it is conceivable that it involves stabilization of the basal
transcription machinery or blockade of access of negatively acting factors. Our ChIP analysis
showing the presence of a complex composed of HDAC1/2, mSin3A and p53 bound to BS1
and BS4 supports a looping model whereby distal and proximal p53-response elements are
juxtaposed.

Although this and a previous study demonstrate that PKD1 is a target of p53 [20], there is
evidence that p53 is downstream of PC1 signaling. For example, PC1 knockdown in HEK293
cells compromises the ability to increase p53 levels following DNA damage. Therefore, PC1
regulates a G1 checkpoint via p53 activation [31]. Further, mouse pkd1~~ cells have a tendency
to undergo immortalized proliferation, associated with downregulation of the PC1-JINK-p53
pathway [32]. Thus, p53 and PC1 are components of an autofeedback pathway which functions
to tightly regulate the expression of p53 and PC1, as aberrant expression of either protein lead
to impaired nephron development [12,15,33].

Acknowledgments

This work was supported by NIH grants RO1-DK62250 and DK-56264. DVB was pre-doctoral student and partially
supported by a grant from the Institutional Award program of the National Center for research Resources
(P20RR017659) and the Tulane Renal and Hypertension Center of excellence. We thank Drs. Zubaida Saifudeen and
Oliver Wessely for their inputs and insightful discussions about the project.

Abbreviations

ADPKD Adult Polycystic Kidney Disease
ChiP chromatin immunoprecipitation
HDAC histone deacetylase
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Figure 1. In vitro binding of p53 to the PKD1 promoter

A. Schematic diagram showing the location of p53 consensus sequences, BS1-4. B.
Electrophoretic mobility Shift Assays (EMSA). 32P-labeled oligoduplexes representing PKD1
BS1-4 were incubated with 3.5 nug of nuclear extract from IMCD3 cells. Lanes 1, 4, 7, 10 and
13: free probes; Lanes 2, 5, 8, 11 and 14: p53 BS1-4 and nuclear extract; Lanes 3, 6, 9, 12 and
15; BS 1-4 and nuclear extract in the presence of antibody against p53. Arrow indicates p53
specific super shift. P1 is an oligoduplex of the highly conserved p53 consensus sequence in
the rat bradykinin B2 receptor promoter (positive control). Aquaporin 2 antibody and rabbit
1gG served as negative controls.
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Figure 2. Mutagenesis of BS1-4 reveals differential functions in regulation of PKD1 promoter
activity

A. Schematic representation of the parental and mutant PKD1-luc promoter constructs. B.
IMCD3 cells were transiently transfected with 1 ug of PKD1-luciferase promoter constructs.
pSV-LacZ (0.4 ug) was co-transfected to monitor transfection efficiency. Cell lysates were
harvested 24 h post-transfection and assayed for luciferase activity. Data represent mean + S.E.
of at least three experiments, * p<0.05.
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Figure 3. PKD1-BS1 mediates heterologous transcriptional repression

A. A schematic representation of control and mutant rat bradykinin B2 receptor (Bdkrb2)
promoter reporter constructs. The Bdkrb2 promoter has two p53-consensus sequences, P1
(enhancer) and P2 (repressor). B. Bdkrb2-CAT constructs P2/P1, P2/AP1 or P2/BS1 were
transfected into IMCD3 cells along with the indicated amount of pPCMV-p53. C. BdkrB2-
CAT constructs P2/P1, AP2/P1 or AP2/BS1 were transfected into IMCD3 cells along with the
indicated amount of pPCMV-p53. Cell lysates were harvested 24 h post-transfection and assayed
for chloramphenicol acetyltransferase activity. Data represent mean + S.E. of at least three
experiments, * p<0.05; # p<0.001.
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Figure 4. PKD1-BS1 function depends on intact BS2-4

IMCD3 cells were transiently transfected with PKD1-luciferase promoter constructs. pSV-
LacZ was co-transfected to monitor transfection efficiency. Cell lysates were harvested 24 h
post-transfection and assayed for luciferase activity. Data represent mean + S.E. of at least
three experiments, * p<0.05.
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Figure 5. Effect of Trichostatin A (TSA), an HDAC inhibitor, on PKD1 promoter activity

A. IMCD-3 cells were treated with TSA (50 ng/ml) or vehicle 2hrs before transfection with
PKD1 luciferase constructs. pSV-LacZ was co-transfected to monitor transfection efficiency.
Cell lysates were harvested 24 h post-transfection and assayed for luciferase activity. Data
represent mean * S.E. of at least three experiments, *p<0.05. B. Western blot analysis
demonstrating the presence of p53, mSin3A, and HDAC1/2 in IMCD3 cells. C. Chromatin
immunoprecipitation analysis. PKD1-Luc promoter construct was transfected into IMCD3
cells. Twenty hour later, transfected cells were subjected to ChIP-PCR analysis as detailed in
the Methods section using human PKD1-specific primers (arrowheads).
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Table 1

Sequence of mutagenesis primers used to generate pBdkrB2 P2/BS1 and pBdkrB2 - AP2/BS1 constructs.
hPKD1 p53BS1 sequence: 5'-GGTCGCGCTGTGGCGAAGGGGGCGGAGCCTGCAC-3
Forward mutagenesis primers

5-CTGGAAGTGGAGGGGGGTCGCTGACATCACCGGCCAG

5-GTGGAGGGGGGTCGCGCTGTGTGACATCACCGGCCAG

5-GGGGGGTCGCGCTGTGGCGAAGTGACATCACCGGCCAG

5-CGCGCTGTGGCGAAGGGGGCGTGACATCACCGGCCAG

5-GTGGCGAAGGGGGCGGAGCCTTGACATCACCGGCCAG

5-CGAAGGGGGCGGAGCCTGCACTGACATCACCGGCCAG

Biochim Biophys Acta. Author manuscript; available in PMC 2011 July 1.



1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

van Bodegom et al. Page 16

Table 2

Sequence of mutagenesis primers used to generate mutant PKD1-luciferase constructs. The 10bp deletions are
indicated in bold.

PKD1 p53BS1 sequence: 5-GGTCGCGCTGTGGCGAAGGGGGCGGAGCCTGCAC-3’

PKD1 p53BS2 sequence: 5-CTACAAGCGTGAGCCAGTTT-3’

PKD1 p53BS3 sequence: 5-GAACTTCTGATCTTGTGATGTGCCC-3’

PKD1 p53BS4 sequence: 5-AGTCTCACTCTGTCACCCAGGCTGGAGT-3

Forward Mutagenesis primers

5-CAGTCCCTCATCGCTGGCCCTGGCGAAGGGGGCGGAGCC 10bp deletion p53BS1

5-GCCTCTCGAGTACCTGGGAGAGCCAGTTTGGCTATTTTGG 10bp deletion p53BS2

5-GGCTAGGCTGGTCTCTCTGATCTTGTGATC 1st 5bp deletion p53BS3

5-CACGTTGGCTAGGCTGGTCTCTCTTGTGATCTGCCCG 2nd 5bp deletion p53BS3

5-CAGAGTCTCACTCTGTCACCCGAAGTGGCGGGATCTCGGC | 1st 5bp deletion p53BS4

5-CTCACTCTGTCACCCGGAGTGAAGTGGCGG 2nd 5bp deletion p53BS4
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