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ABSTRACT 

 

The proto-oncoprotein KR-POK represses transcriptional 

activation of CDKN1A by MIZ-1 through competitive binding 

 
Kyung-Mi Lee 

 
Department of Medical Science,  

The Graduate School of Yonsei University  
 

(Directed by professor Man-Wook Hur) 
 

The BTB/POZ family of proteins has been implicated in multiple biological 

processes, including tumorigenesis, DNA damage responses and cell cycle 

progression and development. MIZ-1 (Myc-interacting zinc-finger protein 1) 

is known to activate transcription of CDKN1A. We recently found that a 

kidney cancer-related POK transcription factor, KR-POK, is highly expressed 

in kidney, brain, and bone marrow cancer tissues and is a potential proto-

oncoprotein. Mouse Kr-pok represses transcription of the CDKN1A by acting 

on the proximal promoter. The BiFC/FRET assay, co-immunoprecipitation 

and GST-fusion protein pull-down assay indicate that MIZ-1 and Kr-pok 

interact via their POZ domains. Oligoucleotide pull-down assays and ChIP 

assays revealed that MIZ-1 binds to the proximal GC-box#3 (bp, -55 to -63) 

and the MIZ-1 binding elements, MRE-A (bp, -90 to -64) and MRE-B (bp, -

27 to -17). Interestingly, MIZ-1 also binds to the distal p53 binding elements. 

Kr-pok binds to the proximal GC-box#1 (bp, -95 to -100) and #3 (bp, -55 to -

63) relatively strongly. It also shows weak binding to the MREs and the distal 

p53 binding elements. Kr-pok competes with MIZ-1 in binding to these 

elements and represses transcription by inhibiting MIZ-1/p300 recruitment, 
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which decreases the acetylation of histones H3 and H4. Our data indicate that 

Kr-pok stimulates cell proliferation by interfering with the function of MIZ-1 

in CDKN1A gene transcription using a mechanism that is radically different 

from other MIZ-1 interacting proteins, such as BCL6, c-Myc, and Gfi-1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                               

Key words : MIZ-1; Kr-pok; CDKN1A; p21; competition; cell proliferation 
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The proto-oncoprotein KR-POK represses transcriptional 

activation of CDKN1A by MIZ-1 through competitive binding 

 
Kyung-Mi Lee 

 
Department of Medical Science,  

The Graduate School of Yonsei University  
 

(Directed by professor Man-Wook Hur) 

 

І. INTRODUCTION   

 

The BTB/POZ domain proteins were originally found in Drosophila 

melanogaster, bric-a-brac, tramtrack, and broad complex transcription 

regulators1, 2 and in pox virus zinc finger proteins. The BTB/POZ domain 

proteins have an evolutionarily conserved protein-protein interaction domain 

at their N-termini, called the BTB/POZ domain3, 4. These proteins have been 

identified in organisms ranging from human to yeast. About 40 of the 194 

human BTB/POZ domain regulatory proteins are classified as POK family 

proteins. POK proteins are made up of an N-terminal POZ domain, which 

plays an important role in forming homo- or hetero-dimers and interacting 

with other proteins, and a C-terminal Krüppel-type (C2H2) zinc finger domain, 

which recognizes and binds to specific DNA sequences. These proteins have 

been implicated in many biological processes, and in particular, some of the 

POK proteins were shown to act as major regulators of apoptosis5, 

differentiation, development6, 7, transcription8-16, and oncogenesis16-18.  
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Promyelocytic leukaemia zinc finger (PLZF)–null mice display severe 

defects in limb development and germ stem cell maintenance6, 19. T-helper-

inducing POZ/Krüppel-like factor (Th-POK), also known as cKrox, has 

recently been reported as a master regulator of T-cell lineage commitment20. 

B-cell lymphoma 6 (Bcl-6), PLZF, and hypermethylated in cancer-1 (HIC1) 

have been implicated in non-Hodgkin’s lymphoma, acute promyelocytic 

leukaemia, and spontaneous malignant tumours, respectively17, 18, 21. Along 

with others, we recently found that FBI-1 stimulates cell proliferation and is a 

potent proto-oncoprotein13, 16, 22. We also showed that FBI-1 increases FASN 

gene expression and thereby provides phospholipid cell membrane 

components to meet the lipid needs of rapidly proliferating cancer cells14. We 

and others have shown that POK proteins, including FBI-122, ZBTB223, 

ZBTB424, and ZBTB525 have major influences on the regulation of the p53 

pathway.  

Among the genes of p53 pathway, the cyclin-dependent kinase inhibitor 

p21 is a downstream regulator of the ARF-HDM2-p53-p21 pathway and is a 

major regulator of cell cycle arrest in mammalian cells27-29. The p53 pathway 

plays a crucial role in mediating growth arrest when cells are exposed to 

DNA-damaging agents30-31. The CDKN1A gene, mainly regulated at the 

transcriptional level, is a transcriptional target of the tumour suppressor p53. 

Whereas induction of p21 by exposure to DNA-damaging agents results in 

G1-, G2-, or S-phase arrest, repression of p21 expression has a variety of 

outcomes depending on the cellular context32. p21 suppresses oncogenesis by 

negatively regulating cell growth, as has been demonstrated in chronically 

damaged liver and renal epithelial cells33.  

POK family proteins, and the molecular interactions among POK proteins, 

have potential roles in cancer development or cell differentiation by regulating 

CDKN1A gene transcription, as have been elegantly shown for MIZ1 and 

BCL6 in B-cell lymphoma22-25, 34. Although the POK proteins MIZ-1, ZBTB4 
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and BCL6 are known to interact with each other24, 34, the partnerships and the 

functions of most of the POZ domain proteins are largely unknown. 

Accordingly, to analyze and understand the biological functions carried out by 

POZ-domain proteins and by molecular interactions among POZ domains, we 

are in the process of determining virtually all of the protein interactions of 

every human POZ-domain protein using BiFC/FRET analysis35. 

MIZ-1 (also called ZBTB17) interacts with c-Myc, ZBTB4, BCL-6, and 

Gfi-1 and recruits interacting proteins to the CDKN1A promoter24, 26, 34, 36. 

MIZ-1 was originally isolated from a yeast two-hybrid screen by its ability to 

bind to c-Myc26. MIZ-1 can either repress or activate the transcription of 

target genes depending on the interacting protein. MIZ-1 was shown to act as 

a potent transcriptional activator of CDKN1A. However, the oncoprotein c-

Myc, by interacting with MIZ-1, represses the transcription of the genes 

involved in cellular differentiation and metabolism, such as the CDK inhibitor 

genes p15INK4B and CDKN1A24, 26, 34, 36. By interacting with MIZ-1, c-Myc is 

recruited to the CDKN1A promoter and directs cells to determine cell fate, 

either cell cycle arrest or apoptosis. In colon cancer cells, inhibition of p21 

expression by c-Myc-MIZ-1 changes the p53-dependent response from cell 

cycle arrest to apoptosis37. MIZ-1 also interacts with BCL-6, another POK 

protein, via their POZ-domains, and this interaction is important in the 

transcriptional repression of CDKN1A and in the development of B-cell 

lymphoma34. Additionally, Gfi-1 and MIZ-1 form a ternary complex with c-

Myc and together repress CDKN1A. c-Myc has been shown to induce 

lymphomagenesis. It has been suggested that the ternary complex of Gfi-1, 

MIZ-1, and c-Myc is important in the regulation of cell cycle and has an 

effect on lymphomagenesis through the transcriptional regulation of 

CDKN1A38.    

Using BiFC/FRET analysis, we recently found that MIZ-1 interacts with 

the POK protein Kr-pok (also called ZBTB36, ZNF857C in humans) via its 
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POZ domain. KR-POK (kidney cancer-related POZ-domain Krüppel zinc-

finger protein) is a proto-oncoprotein that is highly expressed in majority of 

malignant kidney cancer tissues, and there is a strong correlation between 

kidney cancer development and KR-POK expression levels. Murine KR-POK, 

indicated as Kr-pok, stimulates cell proliferation and represses the 

transcription of CDKN1A and by recruiting co-repressor–HDAC complexes, 

causing deacetylation of histones H3 and H4 (Bu-Nam Jeon, MS Thesis, 

Yonsei university, 2007). Accordingly, molecular interactions between Kr-

pok and MIZ-1 can have significant effects on cell cycle regulation by MIZ-1.  

MIZ-1 has an antagonistic function with Kr-pok in the transcriptional 

regulation of CDKN1A and other genes of the p53 pathway. In this study, we 

investigated whether the two proteins, MIZ-1 and Kr-pok, have important 

roles in regulating the transcription of CDKN1A. Our data suggest that Kr-pok 

competes with MIZ-1 to bind to the CDKN1A proximal regions, including 

MIZ-1 binding sites, and in this way interferes with transcriptional activation 

by MIZ-1. The binding competition between Kr-pok and MIZ-1 on the 

proximal promoter of the CDKN1A is functionally significant and plays an 

important role in cell proliferation and cancer development. 
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II. MATERIALS AND METHODS 

 

1. Plasmids, antibodies, and reagents 

CDKN1A-Luc plasmid was kindly provided by Dr. Yoshihiro Sowa of the 

Kyoto Perpetual University of Medicine (Kyoto, Japan). The pcDNA3-

FLAG-Kr-pok, pcDNA3.1-Kr-pok, and pcDNA3.1-MIZ-1 plasmids were 

prepared by cloning cDNA fragments into pcDNA (Invitrogen). CDKN1A-

Luc-1462 bp, CDKN1A-Luc -864 bp, and CDKN1A-Luc -133 bp CDKN1A 

promoter and luciferase gene fusion reporter plasmids were cloned from the 

CDKN1A-Luc plasmid. All plasmid constructs were verified by DNA 

sequencing. Antibodies against p21, glyceraldehyde-3-phosphate 

dehydrogenase (GAPDH), FLAG tag, Ac-H3, and Ac-H4 were purchased 

from Upstate (Charlottesville, VA), Chemicon (Temecula, CA), Calbiochem, 

and Santa Cruz Biotechnology (Santa Cruz, CA). Most of the chemical 

reagents were purchased from Sigma. 

 

2. Cell cultures 

HEK293A, HCT116 p53 null and HeLa cells were cultured in Dulbecco’s 

Modified Eagle Medium (Invitrogen) supplemented with 10% fetal bovine 

serum (Invitrogen). 

 

3. Transcriptional analysis of CDKN1A promoter 

pGL2-CDKN1A-Luc promoter reporter fusion plasmids as well as pcDNA3-

FLAG-Kr-pok, pcDNA3.1-MIZ-1, and pCMV-LacZ in various combinations 

were transiently transfected into HEK293A cells using Lipofectamine Plus 

reagent (Invitrogen). After 36-48 h of incubation, cells were harvested and 

analysed for luciferase activity. Reporter activity was normalized with 
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cotransfected β-galactosidase activity or protein concentration for transfection 

efficiency. 

To analyze the effect of the Kr-pok and MIZ-1 on the transcriptional 

activation of CDKN1A by p53, pGL2-CDKN1A-Luc (-2.3 kb) as well as 

pcDNA3-FLAG-Kr-pok, pcDNA3.1-MIZ-1, pcDNA-p53 and pCMV-LacZ in 

various combinations were transiently transfected into HCT116 p53 null cells 

using Lipofectamine Plus reagent (Invitrogen). After 36-48 h of incubation, 

cells were harvested and analysed as above. 

 

4. Purification of GST fusion proteins and GST fusion protein pull down 

assays 

pcDNA3.1-MIZ-1 and pcDNA3.0-FLAG Kr-pok expression plasmids were 

prepared as described in the plasmid section of material and methods. The 

plasmids were transformed into E. coli BL21 (DE3). Recombinant GST-

fusion proteins were prepared as reported elsewhere (Choi et al., 2009). 

Agarose-bound GST or GST fusion protein was washed 5 times with cold 

HEMG buffer and collected by centrifugation at 3,000 rpm at 4°C for 1 min. 

Agarose-bound GST protein was incubated with [35S]-methionine-labelled Kr-

pok and MIZ-1 synthetic protein in HEMG buffer overnight at 4°C with 

shaking. The [35S]-methionine-labelled synthetic Kr-pok and MIZ-1 proteins 

were prepared using the TNT Quick-coupled Transcription/Translation 

System (Promega). After the agarose-protein complex was washed five times 

with 1 ml of cold HEMG buffer, the bound proteins were resolved by 15% 

SDS-PAGE. The gels were dried (Hoefer Scientific Instruments, San 

Francisco, CA, USA) and exposed to X-ray film on an image-intensifying 

screen (Kodak, Rochester, NY, USA 

 

5. RNA isolation and quantitative real-time PCR and semi-quantitative 

PCR 
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Total RNA was isolated from the HEK293A cells using TRIzol reagent 

(Invitrogen). cDNAs were synthesised using 5 g of total RNA, oligo-dT (10 

pmol), and Reverse transcriptase II (200 units) in 20 μl using a reverse 

transcription kit (Promega). qRT-PCR was performed using SYBR Green 

Master Mix (Applied Biosystems). The following qPCR oligonucleotide 

primer sets were used: Kr-pok forward, 5-CCCATCTGCCACAAAGTCATC-

3, Kr-pok reverse, 5-TGGTGCACATGTATGGCTT C TC-3; MIZ-1 forward, 

5-AGACCCACGACACGGACAA-3, MIZ-1 reverse, 5-

CCGTCAGCGATGTGGATCT-3; CDKN1A forward, 5-

AGGGGACAGCAGAGGAAG-3, CDKN1A reverse, 5-

GCGTTTGGAGTGGTAGAAATCTG-3; and GAPDH forward, 5-

CCCCTTCATTGACCTCAACTAC-3, GAPDH reverse, 5-

TCTCGCTCCTGGAAGATGG-3. 

 

6. Western blot analysis 

Cells were harvested and lysed in radioimmune precipitation assay buffer 

(50 mM Tris-HCl, pH 8.0, 1% Nonidet P-40, 0.25% sodium deoxycholic acid, 

150 mM NaCl, 1 mM EDTA, complete mini-protease mixture). Cell extracts 

(50 g) were separated using 12% SDS-PAGE gel electrophoresis, transferred 

onto Immun-BlotTM polyvinylidene difluoride membranes (Bio-Rad), and 

blocked with 5% skim milk (BD Biosciences). Blotted membranes were 

incubated with antibodies against FLAG tag (Sigma), glyceraldehyde-3-

phosphate dehydrogenase (Chemicon), p21, MIZ-1, and Myc. The blots were 

further incubated with anti-mouse or rabbit secondary antibody conjugated 

with HRP (Vector Laboratories). Protein bands were visualised with ECL 

solution (PerkinElmer Life Sciences). 

 

7. Knock-down of endogenous KR-POK and MIZ-1 mRNA by siRNA 
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siRNA mixtures against KR-POK and MIZ-1 mRNA were designed by and 

purchased from Dharmacon (Lafayette, CO). siRNA (200 pmol) was 

transfected into HEK293A cells using Lipofectamine RNAiMAX (Invitrogen). 

After transfection, the cells were harvested, total RNA was prepared, and 

qRT-PCR analysis of mRNA and western blot analysis were performed as 

described above. 

 

8. Quantitative chromatin immunoprecipitation (qChIP) assays 

HEK293A cells were transfected with increasing amounts of pcDNA3.0-

FLAG-Kr-pok and/or pcDNA3.1-MIZ-1. Kr-pok, p53, and MIZ-1 binding 

and histone modification at the endogenous CDKN1A promoter was analysed 

by the standard qChIP assay protocol, as described elsewhere (Choi et al., 

2009). As a negative control for the qChIP assays, IgG was used. p53RE#1 

binding primers, forward, 5’-CTGTGGCTCTGATTGGCTTT-3’, reverse, 5’-

GGGTCTTTAGAGGTCTCCTGTCT-3’; p53RE#2 binding primers, forward, 

5’-CCACAGCAGAGGAGAAAGAAG-3’, reverse, 5’-

GCTGCTCAGAGTCTGGAAATC-3’; proximal GC-boxes ChIP primers 

forward, 5’-GCGCTGGGCAGCCAGGAGCCT-3’, reverse, 5’-

TCGTCACCCGCGCACTTAGA-3’. Alternatively, in some qChIP assays, 3’-

UTR of CDKN1A was used as a negative control of protein-DNA interaction. 

forward 5’-TCCTTCCCATCGCTGTCACA-3’ and reverse 5’-

GTCACCCTGCCCAACCTTAG-3’ were used.  

 

9. Co-immunoprecipitation assays 

HEK293A cells were washed, pelleted, and resuspended in a lysis buffer 

supplemented with protease inhibitors (20 mM Tris-HCl, pH7.5, 150 mM 

NaCl, 10% glycerol, 1% Triton X-100). Cell lysate was precleared, and the 

supernatant was incubated overnight with anti-MIZ-1 or anti-FLAG on a 

rotating platform at 4 °C, followed by incubation with protein A-sepharose 
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fast flow beads. Beads were collected, washed, and resuspended in equal 

volumes of 5x SDS loading buffer. Immuno-precipitated proteins were 

separated with 12 % SDS-PAGE. The western blot assay was performed as 

described above using appropriate antibodies. 

 

10. Oligonucleotide pull-down assays 

HEK293A cells were lysed in HKMG buffer (10 mM HEPES pH 7.9, 100 

mM KCl, 5 mM MgCl2, 10% glycerol, 1 mM DTT and 0.5% NP-40). Cellular 

extracts were incubated with 1 g of biotinylated double-stranded 

oligonucleotides for 16 h. The sequences of the oligonucleotides are listed as 

follows (only nucleotide sequences of sense strands are shown): p53RE#1, 5’- 

GTCAGG AACATGTCCCAACATGTTGAGCTC 3’; p53RE#2, 5’-

TAGAGGAAGAAGACTGGGCATGTCT GGGCA-3’; GC-box#1, 5’-

GATCGGGAGGGCGGTCCCG-3’; GC-box#2, 5’-GATCTCCCGGGCG 

GCGCG-3’; GC-box#3, 5’-GATCCGAGCGCGGGTCCCGCCTC-3’; GC-

box#4, 5’-GATCCTTGA GGCGGGCCCG-3’; GC-box#5/6, 5’-

CCTTGAGGCGGGCCCGGGCGGGGCGGTTGTATATC-3’; Miz-1RE-A, 

5’-GGGCGGCGCGGTGGGCCGAGCGCGGG-3’; Miz-1RE-B, 5’-

TATATCAGGGCC GC-3’. To collect DNA-bound proteins, the mixtures were 

incubated with Streptavidin-agarose beads for 2 h, washed with HKMG buffer, 

and precipitated by centrifugation. The precipitate was analysed by western 

blot assay as described above. 

Additionally, we tested whether purified recombinant GST and GST-Kr-pok 

Zinc Finger DNA binding domain (ZFDBD) protein can bind to the probes 

directly. The proteins were incubated with 1 g of biotinylated double-

stranded oligonucleotides for 16 h. The sequences of the oligonucleotides are 

listed as follows (only nucleotide sequences of sense strands are shown): GC-

boxes (which described above); 3’-UTR, 5’-
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CTCACCTCCTCTAAGGTTGGGCAGGGTGAC-3’; To collect DNA-bound 

proteins, the mixtures were incubated with Streptavidin-agarose beads for 2 h, 

washed with HKMG buffer, and precipitated by centrifugation. The 

precipitate was analysed by western blot assay as described above. 

 

11. Annexin V staining 

The Annexin-V-FITC Apoptosis Detection Kit (BD Biosciences) was used 

to detect apoptosis by flow cytometry. HEK293A cells were transfected with 

the pcDNA3.1-MIZ-1 and/or pcDNA3.0-FLAG-Kr-pok expression vectors. 

All cells were harvested (including detached cells) and processed according to 

the manufacturer’s instructions. Cells were washed and resuspended with 1x 

binding buffer at a concentration of 1x106 cells/ml, and 100 µl of the solution 

(1x105 cells) was transferred to a 5 ml culture tube. 5 µl of Annexin V-FITC 

and 5 µl of PI were added to the solution, followed by gentle vortexing of the 

cells and incubation for 15 min at RT in the dark. 400 µl of 1x binding buffer 

was added to each tube. Apoptosis of cells was analysed by FACS Calibur 

(BD Biosciences, CA) within one hour. Data were analysed using Cell Quest 

software. 

 

12. Colony foci formation assay 

HeLa cells (1x105 cells/well) were transfected with pcDNA3 or pcDNA3-

FLAG-Kr-pok (0.5 µg/µl) and/or pcDNA3.1-MIZ-1 (0.5 µg/µl). Transfected 

cells were cultured for 2 weeks in the presence of G418 (800 µg/ml), and 

colonies resistant to G418 were stained with crystal violet (0.5% in 20% 

ethanol). 

 

13. MTT assays 

Confluent HEK293A cells grown on 10-cm culture dishes were transfected 

with the pcDNA3.1-MIZ-1 and pcDNA3.0-FLAG-Kr-pok expression vectors, 
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and the cells (1.5x105) were transferred to 6-well culture dishes and grown for 

0-6 days. At 0, 2, 4, and 6 days, the cells were incubated for 1 h at 37°C with 

20 l/well MTT (2 mg/ml). Precipitates were dissolved with 1 ml of 

dimethylsulfoxide. Cell proliferation was determined from the conversion of 

MTT to formazan using a SpectraMAX 250 (Molecular Device Co., CA) at 

570 nm.  

 

14. Statistical analysis 

 A chi-square test or Fisher’s exact test were used for statistical analyses as 

appropriates. All statistical tests were two-sided and p-values of less than 0.05 

were considered statistically significant. SPSS for Windows version 17.0 

(SPSS Inc., Chicago, IL) was used for all statistical analyses. 
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III. RESULTS 

 

1. MIZ-1, a tumour suppressor gene, interacts with Kr-pok 

To investigate which POK proteins interact with MIZ-1 and to determine 

the function of such protein interactions, we are in the process of investigating 

all of the possible protein-protein interactions among the POZ-domain 

proteins using the pFPIA BiFC/FRET system35 (Figure 1A). We found that 

KR-POK interact with MIZ-1. Molecular interactions between the two POZ-

domains of the MIZ-1 and KR-POK assembled the YFP protein, which 

produced yellow fluorescent light, suggesting that the two proteins interact 

with MIZ-1 via their POZ-domains in vivo (Figure 1B). As reported 

previously, the POZ-domains of MIZ-1 and BCL6 interacts with each other 

and gave a yellow fluorescent light in this assay system34 (Supplement Figure 

1A).  

To confirm the molecular interaction between the two proteins, we carried 

out co-immunoprecipitation and GST-fusion protein pull-down assays. Co-

immunoprecipitation of the HEK293A cells transiently transfected with 

FLAG-Kr-pok expression vector and MIZ-1-Myc expression vector, followed 

by western blot analysis with anti-FLAG antibody and anti-MIZ-1 antibody, 

showed that Kr-pok interacts with MIZ-1 (Figure 1C). Reverse co-

immunoprecipitation of the same extract revealed that MIZ-1 interacts with 
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Kr-pok (Supplement Figure 1B). Furthermore, GST-POZMiz-1 or GST-

POZKr-pok fusion protein pull-down assays of 35S-methionine labelled 

synthetic Kr-pok or MIZ-1 protein showed that the two proteins interacts with 

each other probably via their POZ domains (Figure 1D).  
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Figure 1. MIZ-1 interacts with Kr-pok in vitro and in vivo. (A) Diagram of 
the BiFC/FRET POZ-domain interaction assays system. The POZ domains of 
proteins were cloned to pFPA-YN and pFPA-YC-vectors. Functional YFP can 
be generated by molecular interaction between the POZ domains of two 
proteins. (Yoo-Jin Kim, MS Thesis, Yonsei university, 2007) (B) BiFC/FRET 
assays of the two POZ-domains of MIZ-1 and Kr-pok. The POZ-domain of 
FBI-1 was shown to interact to form a homodimer and serves as a positive 
control. pFPIA-DEST-YN and –YC serves as a negative control. (C) Co-
immunoprecipitation and western blotting assays. Whole cell extracts of the 
HEK293A cells transfected with either FLAG-Kr-pok or Myc-MIZ-1 
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expression vector were immuno-precipitated using the anti-FLAG antibody or 
anti-MIZ-1 antibody, followed by immuno-blotting with the anti-MIZ-1, anti-
FLAG, anti-BCL6 antibodies. Co-immunoprecipitation of BCL6 and MIZ-1, 
a positive control of protein interaction between the two POZ-domain proteins. 
(D) GST-fusion protein pull-down assays. 35S- methionine labelled MIZ-1 or 
Kr-pok synthetic polypeptdes were incubated with recombinant GST or GST-
POZMIZ-1 or GST-POZKr-pok proteins, pulled-down, separated by 15% 
SDS-PAGE and analyzed by autoradiography (Yoo-Jin Kim, MS Thesis, 
Yonsei university, 2007). 
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2. Kr-pok represses transcriptional activation of the CDKN1A by MIZ-1 

MIZ-1 has been shown to activate the transcription of CDKN1A37. We 

investigated the functions of Kr-pok and the protein interaction between Kr-

pok and MIZ-1 on the transcription of CDKN1A. HEK293A cells were 

transiently co-transfected with pcDNA3.1-MIZ-1 and/or pcDMA3.1-Kr-pok. 

qRT-PCR and western blot analysis showed that MIZ-1 and Kr-pok were 

overexpressed and that while MIZ-1 activated transcription, Kr-pok repressed 

the transcription. The transcriptional activation by MIZ-1 is repressed by Kr-

pok (Supplement Figure 2A, B). Alternatively, a loss of function approach 

using RNA interference directed at Kr-pok mRNA reversed the transcriptional 

repression by Kr-pok (Figure 2A). Also knock-down of MIZ-1 mRNA by 

siRNA against MIZ-1, decreased the transcription of CDKN1A (Figure 2B). 

Additional western blot and semi-quantitative RT-PCR analysis of 

endogenous p21 expression after knock-down of MIZ-1 and/or KR-POK 

mRNA showed similar results with Fig. 2a, b suggesting that the two proteins 

regulate the transcription and expression of CDKN1A gene (Figure 2C).  
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Figure 2. Kr-pok represses transcriptional activation of CDKN1A by 
MIZ-1. (A) Knock-down of endogenous Kr-pok mRNA and qRT-PCR assays 
of CDKN1A mRNA transcription. HEK293A cells were transfected with 
siKR-POK RNA. The data were normalized with GAPDH mRNA level. , 

P<0.01 (B) Knock-down of MIZ-1 mRNA and qRT-PCR analysis of 
CDKN1A mRNA transcription. HEK293A cells were transfected with siMIZ-
1 RNA. The data were normalized with GAPDH mRNA level. , P<0.01 (C) 
Left, western blot analysis. HEK293A cells were transfected with siRNA 
against Kr-pok and/or MIZ-1 and analysed for endogenous p21 expression 
using anti-Miz-1 antibody or anti-p21 antibody. Control, GAPDH. Relative 
band intensities were indicated as above. Right, semi-quantitative RT-PCR 
analysis of knock-down of KR-POK or MIZ-1 mRNA.  
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3. Kr-pok represses the transcriptional activation of CDKN1A by MIZ-1 

by acting on the proximal promoter region 

Previous studies have shown that MIZ-1 binds to two proximal regions, 

MRE-A (bp, -90 to -64) and MRE-B (bp, -27 to -17), to activate the 

transcription of CDKN1A37. c-Myc was shown to be recruited to those sites 

under DNA damaging conditions37. Additionally, Phan et al. showed that 

BCL6 was recruited to the proximal promoter region of CDKN1A by 

interacting with MIZ-134. 

Accordingly, to dissect the molecular mechanism, we first examined 

which region of the CDKN1A promoter is important for transcriptional 

regulation by Kr-pok and MIZ-1. Kr-pok repressed the transcription of the 

four CDKN1A promoter constructs by more than 70% in HEK293A cells 

(Figure 3A, B). Kr-pok could repress transcription by acting on the proximal 

promoter sequence (bp -133 to +30) (Figure 3B). MIZ-1 activated the 

transcription of the four CDKN1A promoter constructs by 4.5 to 6 fold, and 

the activation was stronger on the -2.3 kb promoter construct, which 

contained the distal p53 binding element. The assay suggests that MIZ-1 

could activate transcription by acting on the proximal promoter element (bp -

133 to +30) and can probably further increase transcription by acting on the 

distal p53 binding element (Figure 3C). Transcription of the CDKN1A gene 

by Kr-pok and MIZ-1 is most likely regulated by the molecular events on the 

proximal promoter, as it is loaded with Sp1-binding GC-boxes and two MIZ-1 
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binding elements overlapping with GC-boxes. 

Additionally, transient transcription analysis of the CDKN1A gene with 

both MIZ-1 and Kr-pok in HEK293A cells was performed. Kr-pok can repress 

transcriptional activation by MIZ-1 on the proximal promoter element (bp -

131 to +30), suggesting that molecular events on the short promoter are 

important in the transcriptional regulation by the two regulators (Figure 3D). 
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Figure 3. Kr-pok represses MIZ-1 transcriptional activation of CDKN1A 
gene by acting on the proximal region. (A) Diagram of the CDKN1A 
promoter-luciferase gene fusion reporter constructs differing in the length of 
5’ upstream regulatory sequence. (B) FLAG-Kr-pok expression plasmid and 
various reporter plasmids were transiently cotransfected into HEK293A cells 
and analysed for luciferase activities. , P<0.01 (C) Myc-MIZ-1 expression 
plasmid and reporter plasmids were transiently cotransfected into HEK293A 
cells. , P<0.01 (D) FLAG-Kr-pok and/or Myc-MIZ-1 and reporter plasmids 
were transiently cotransfected into HEK293A cells. Luciferase activity was 
measured 48 hrs after transfection and normalised for transfection efficiency 
with cotransfected  -galactosidase activity or protein concentraction. Data 
presented are the average of three independent assays. Bars represent standard 
deviations. 
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4. Oligonucleotide pull-down assays of Kr-pok and MIZ-1 binding on the 

CDKN1A proximal promoter 

To understand the molecular mechanisms of Kr-pok and MIZ-1 action in the 

transcription of CDKN1A, we investigated their DNA binding activities at the 

proximal regulatory elements, such as GC-boxes and MIZ-1 binding elements 

(MREs), by oligonucleotide pull-down assays using synthetic polypeptides 

prepared by in vitro transcription and translation. As reported previously, 

MIZ-1 binds to MRE-A and MRE-B37. Additionally, we found that MIZ-1 

binds to GC-box#3 and GC-box #5/6. Based on binding intensity, the MREs 

and GC-box#3 might be functionally more important. Interestingly, MIZ-1 

also binds to the distal p53 binding elements (p53RE#1 and -#2) (Figure 4B). 

We carried out a similar experiment with FLAG-Kr-pok. Kr-pok binds to 

the MREs, but only weakly. Kr-pok binds to all of the GC-boxes and displays 

a strong preference for GC-box#1 and GC-box#3. Although weak, Kr-pok 

also binds to the distal p53RE#1 and -#2 (Figure 4C). Purified recombinant 

Kr-pok zinc-finger DNA binding domain does not binds to the beads or 3’ 

UTR region of CDKN1A, indicating the specificity of Kr-pok binding to the 

above regulatory elements (Supplement Figure 3). Both MIZ-1 and Kr-pok 

bind to the GC-box#3 which is critical in the transcription initiation, 

communication with p53, and synergistic transcriptional activation by p53-

Sp1 under DNA damaging conditions40. 
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Figure 4. Oligonucleotide pull-down assays. Kr-pok and MIZ-1 bind to 
the proximal promoter GC boxes, MREs and p53 binding elements. (A) 
Diagram of the endogenous CDKN1A promoter-Exon 1 region. Key 
regulatory elements such as distal p53 binding elements (p53RE#1, -#2), 
proximal Sp1 binding GC-boxes, and MIZ-1 binding elements (MREs) are 
indicated. (B, C) Oligonucleotide pull-down assays of MIZ-1 binding. 
Streptavidin agarose beads linked to biotinylated oligonucleotides probes 
(GC-boxes, MREs, p53REs) were incubated with synthetic MIZ-1 or Kr-pok 
polypeptide prepared by in vitro transcription and translation. The precipitates 
were analysed by western blotting using anti-Miz-1antibody or anti-FLAG 
antibody.  
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5. Kr-pok competes with MIZ-1 to bind to the proximal promoter GC-

box, MRE-B, and distal p53 binding elements of CDKN1A in vitro 

Transcriptional repression can be accomplished by competitive binding at 

the same DNA element, or inhibition of transcription factor activity by 

protein-protein interaction, as is the case for c-Myc, BCL6, and Gfi-1. MIZ-1 

binds to two proximal sites of the CDKN1A promoter and activates 

transcription37. Kr-pok can repress transcription by acting on the proximal 

promoter region. Although we have shown that MIZ-1 and Kr-pok can bind to 

the proximal regulatory elements (Figure 4), we also investigated whether Kr-

pok binds to the proximal elements directly or whether it is recruited to the 

CDKN1A promoter by MIZ-1. Oligonucleotide pull-down assays of whole 

cell lysates (prepared from the HEK293A cells transiently expressing Kr-pok 

and/or MIZ-1) using the representative MIZ-1 and Kr-pok binding element 

(Figure 5A, GC-box #5/6 plus MRE-B; GC-box#3) showed that Kr-pok binds 

to the element in the absence or presence of MIZ-1, but Kr-pok binding was 

significantly decreased by the presence of MIZ-1. Additionally, MIZ-1 binds 

to the element strongly, but MIZ-1 binding was decreased by the presence of 

Kr-pok (Figure 5B). We saw a similar binding competition pattern of MIZ-1 

and Kr-pok with GC-box#3. As in Figure 4, Kr-pok can bind to the proximal 

promoter elements independently, and Kr-pok and MIZ-1 compete with each 

other in binding to the elements (Figure 5C). Interestingly, ectopic MIZ-1 

increases Sp1 binding, which is decreased by Kr-pok. This could explain the 
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synergistic activation by MIZ-1 and Sp1 and the antagonistic relationship 

between MIZ-1 and Kr-pok (Figure 5C). MIZ-1 and Kr-pok bind to the distal 

p53 elements (Figure 5D). 
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Figure 5. Kr-pok competes with MIZ-1 to bind to the Sp1-GC box#5/6-
MRE, Sp1-GC-box#3, and p53RE#1 and -#2 elements of CDKN1A.  (A) 
Diagram of the endogenous CDKN1A promoter-Exon 1 region. Key 
regulatory elements such as distal p53 binding elements (p53RE#1, -#2), 
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proximal Sp1 binding GC-boxes, and MIZ-1 binding elements (MREs) are 
indicated. (B, C, D) Oligo pull-down assays. Whole cell lysates of HEK293A 
cells transfected with Myc-MIZ-1 and/or FLAG- Kr-pok were incubated with 
the oligonucleotide probes conjugated to Streptavidin agarose beads. Sp1-GC 
box#5/6-MRE (bp, -56 to -17), GC-box#3 (bp, -55 to -63), p53RE#1 (bp, -
2267 to -2237 ) and -#2 (bp, -1384 to -1354). Proteins bound to the probes 
were precipitated by centrifugation and analysed by western blotting.  
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6. Kr-pok competes with MIZ-1 to bind to the distal regulatory regions 

spanning p53 binding elements of CDKN1A, which increases p300 

coactivator recruitment  

In vitro oligonucleotide pull-down assays indicated the potential binding 

competition between Kr-pok and MIZ-1 at the proximal and potentially also 

at distal regulatory regions. Using primer sets designed to amplify the two 

distal p53 binding elements (Figure 6A), we analyzed the binding competition 

between the two factors using ChIP assays in the HEK293A cells that were 

transiently co-transfected with Myc-MIZ-1 and increasing amounts of FLAG-

Kr-pok expression vectors, or vice versa. The ChIP assays showed that, with 

increasing expression of FLAG-Kr-pok, the binding of MIZ-1 to the CDKN1A 

promoter was decreased (Figure 6B). In contrast, with increasing expression 

of MIZ-1, the binding of FLAG-Kr-pok on the CDKN1A promoter was 

decreased (Figure 6C).The results suggest that Kr-pok competes with MIZ-1 

to bind the distal regulatory region, including p53RE#1. We observed a 

similar binding competition between MIZ-1 and Kr-pok at the distal p53 

binding element (p53RE#2) (Figure 6E, F). 

The MIZ-1-p300 complex plays an important role in activating the 

transcription of MIZ-1 target genes, such as p15INK4b and CDKN1A, through 

MIZ-1-mediated recruitment of the co-activator p30041. Because Kr-pok can 

repress transcription activation by MIZ-1, we investigated whether Kr-pok 

could inhibit transcription by decreasing p300 recruitment to the CDKN1A 
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promoter. ChIP assay was performed using HEK293A cells that were co-

transfected with a combination of pcDNA3.1-MIZ-1 and an increasing 

amount of FLAG-Kr-pok or pcDNA3.1-Kr-pok and an increasing amount of 

MIZ-1 expression vector. While MIZ-1 increases p300 binding in a dose-

dependent fashion, increased Kr-pok binding to the CDKN1A promoter 

decreased p300 binding (Figure 6D, G). This indicates that Kr-pok could 

displace both MIZ-1 and p300 at the CDKN1A promoter by competing with 

MIZ-1 for promotor binding sites.  

Because Kr-pok and MIZ-1 can bind to the distal p53RE#1 and -#2, we 

tested whether Kr-pok and MIZ-1 affect p53 binding by ChIP assays. MIZ-1 

alone increases binding of endogenous p53 to the region, while Kr-pok 

decreases p53 binding enhanced by MIZ-1(Figure 6H). Accordingly, we 

investigated whether Kr-pok, p53, and MIZ-1 can affect the transcription of 

CDKN1A promoter constructs including p53 binding sites (supplement Figure 

4A).MIZ-1 and p53 activate transcription independently and the two 

transcription factors activate transcription of CDKN1A promoter 

synergistically. In contrast, Kr-pok represses transcriptional activation by 

either MIZ-1 or p53 (Supplement Figure 4B). Co-immunoprecipitation shows 

that MIZ-1 and p53 interact with each other and synergistic transcription 

activation by the two proteins may be possible by the interaction (Supplement 

Figure 4C).  
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Figure 6. MIZ-1 and Kr-pok bind to the distal p53REs. Kr-pok competes 
with MIZ-1 to bind to the distal p53RE#1 and #2 elements in vivo and 
decrease p300 binding in the region. MIZ-1 increases p53 binding but 
Kr-pok decreases p53 binding. (A) Diagram of the endogenous CDKN1A 
promoter-exon-3’-UTR. Key regulatory elements such as distal p53 binding 
elements (p53RE#1, -#2), proximal Sp1 binding GC-boxes, exons and 3’UTR 
are indicated. qChIP oligo primers spanning two distal p53 binding elements 
are indicated under the CDKN1A gene structure. (B, C, E, F) qChIP assay. 
HEK293A cells were transfected with either a combination of FLAG-Kr-pok 



 33

and increasing amount of Myc-MIZ-1 expression vector or combination of 
Myc-MIZ-1 and increasing amount of FLAG-Kr-pok. Chromatins were 
immunoprecipitated with the antibodies indicated and analyzed by qRT-PCR. 
, P<0.01 (D,G) qChIP assay of endogenous p300 binding. HEK293A cells 
were transfected with FLAG-Kr-pok and Myc-MIZ-1 expression vector as 
above. Chromatins were immunoprecipitated with anti-p300 antibody and 
analyzed by qRT-PCR. MIZ-1 increased p300 binding while Kr-pok 
decreased p300 binding at the distal p53 binding elements. , P<0.01 (H) 
qChIP assay of endogenous p53 binding. HEK293A cells were transfected 
with FLAG-Kr-pok or/and Myc-MIZ-1 expression vector as above. 
Chromatins were immunoprecipitated with anti-p53 antibody and analyzed by 
qRT-PCR.. , P<0.01. 
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7. Kr-pok competes with MIZ-1 to bind to the proximal promoter region 

of the CDKN1A, which decreases p300 coactivator recruitment and 

histone acetylation  

In vitro oligonucleotide binding assays indicated binding competition 

between Kr-pok and MIZ-1 at the key regulatory elements of the CDKN1A 

proximal promoter. Using ChIP assays, we tried to demonstrate the binding 

competition between Kr-pok and MIZ-1in the HEK293A cells that were 

transiently cotransfected with Myc-MIZ-1 and increasing amounts of FLAG-

Kr-pok, or vice versa using the primers as indicated in Figure 7A. At the 

proximal promoter, with increasing expression of FLAG-Kr-pok, MIZ-1 

binding was decreased. In contrast, with increasing expression of MIZ-1, the 

binding of FLAG-Kr-pok was decreased (Figure 7B, C). 

The transcriptional co-activator p300 is targeted to regulatory elements or 

promoters by interactions with transcription factors, and acetylates nearby 

histones to open up nucleosome structure to activate transcription31. As is the 

case with the distal promoter elements containing p53RE#1 and -RE#2, there 

is a binding competition between Kr-pok and MIZ-1 at the proximal promoter. 

As Kr-pok binding to the proximal promoter increases, p300 binding is 

decreased due to the displacement of the MIZ-1-p300 complex (Figure 7D). 

ChIP assays of the HEK293A cells transiently transfected with pcDNA3.1-

MIZ-1 and/or FLAG-Kr-pok showed that, at the proximal promoter, while 

MIZ-1 increased acetylation of histone H3 and H4, Kr-pok decreased the 
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acetylation status. When Kr-pok and MIZ-1 were co-expressed, the increased 

histone acetylation of histones H3 and H4 by the MIZ-1/p300 complex was 

decreased by Kr-pok (Figure 7E). 

The oligonucleotide pull-down or ChIP assays suggested Kr-pok 

compete with MIZ-1 and may also with Sp1 (Figures 4B, C; 5B, C). 

Accordingly, we investigated whether Kr-pok can affect the transcription of 

minimal promoter constructs with the Sp1 binding GC-box.  Interestingly, 

while MIZ-1 and Sp1 can independently or synergistically activate the 

transcription of pG5-5x(GC)-Luc, Kr-pok represses transcriptional activation 

by Sp1 (Supplement Figure 5).  
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Figure 7. Kr-pok competes with MIZ-1 to bind to the CDKN1A proximal 
promoter elements and decreases p300 binding and histone acetylation in 
the region. (A) Diagram of the endogenous CDKN1A proximal promoter-3’ 
UTR region. Arrows, ChIP oligo primers spanning the proximal promoter. 
Key regulatory elements such as proximal Sp1 binding GC-boxes, and 
transcription start point (Tsp, +1) are indicated. (B, C) qChIP assay of Kr-pok 
and MIZ-1 binding. HEK293A cells were transfected with either a 
combination of FLAG-Kr-pok and increasing amount of Myc-MIZ-1 
expression vector or combination of Myc-MIZ-1 and increasing amount of 
FLAG-Kr-pok. Chromatins were immuno-precipitated with the indicated 
antibodies and analysed by qRT-PCR. Negative control, 3’-UTR. , P<0.01; 
, P<0.1 (D, E) qChIP assay of p300 and acetylated histones H3 and H4. 
HEK293A cells transfected with FLAG-Kr-pok and Myc-MIZ-1 expression 
vector as above. Chromatins were immunoprecipitated with antibodies against 
p300, Ac-H3 and Ac-H4 eand measured by qRT-PCR. MIZ-1 increases p300 
binding and acetylated histones while Kr-pok decrease p300 complex binding 
and acetylated histones at the proximal promoter. Negative control, IgG or 3’-
UTR. , P<0.01   
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8. Kr-pok reverses MIZ-1 activity on cell cycle regulation. 

Because Kr-pok could repress the transcriptional activation of CDKN1A by 

competing with MIZ-1, we examined whether Kr-pok represses MIZ-1-

mediated cell cycle regulation using FACS analysis of HEK293A cells 

transfected with MIZ-1 and/or KR-POK siRNA. Knockdown of MIZ-1 

increased the S phase cell population from 13.6% to 18.2%. Knockdown of 

KR-POK decreased the S phase cell population from 13.6% to 7.9%. 

Knockdown of both KR-POK and MIZ-1 resulted in a cell population in 

which 12.1% of the cells were in S phase (Figure 8A). Additionally, we used 

MTT assays to examine whether Kr-pok can promote cell proliferation. While 

MIZ-1 decreased the cell proliferation rate, Kr-pok stimulated cell 

proliferation. The MIZ-1 inhibition of cell proliferation was decreased when 

Kr-pok was co-expressed (Figure 8B). 

We also examined whether the cell growth arrest induced by MIZ-1 can 

be reversed by Kr-pok in HeLa cells with a foci-formation assay. HeLa cells 

were transfected with MIZ-1 and/or Kr-pok expression vectors and allowed to 

grow in the presence of G418. While MIZ-1 decreased the number of HeLa 

cell foci by growth arrest and/or apoptosis, ectopic Kr-pok expression 

increased number of large transformed foci, suggesting that Kr-pok caused 

cellular transformation into fast growing cells. The HeLa cells co-transfected 

with both MIZ-1 and Kr-pok expression vectors showed more transformed 

colonies than the HeLa cells transfected with only the MIZ-1 expression 
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vector. These data suggest that the growth arrest and/or apoptosis effect of 

MIZ-1 is significantly reversed by Kr-pok (Figure 8C). 

Because MIZ-1 induces growth arrest as reported and activates 

transcription of other genes of the p53 pathway such as TP53 and ARF (data 

not shown), we investigated whether MIZ-1 showed apoptotic activity and 

also whether the apoptosis induced by MIZ-1 can be reversed by Kr-pok, by 

FACS analysis using Annexin V staining. MIZ-1 increased the apoptotic cell 

population significantly (from 1.7% to 14.8%), and the apoptotic cell 

population was significantly decreased by co-expression of Kr-pok (from 

14.8% to 3.1%) (Figure 8D). These data suggest that functions of MIZ-1 on 

cell cycle regulation could be suppressed by Kr-pok. 
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Figure 8. Kr-pok inhibits MIZ-1 activities on cell growth arrest and 
apoptosis. (A) FACS analysis of a cell cycle progression. HEK293A cells 
were transfected with siRNA against MIZ-1 and KR-POK mRNA or negative 
control, cultured, and stained with propidium iodide (PI). Cell proliferation 
was measured by FACS. N.C., scrambled negative control siRNA. (B) MTT 
assay of HEK293A cells transfected with MIZ-1 and/or Kr-pok expression 
vector and cultured for 0, 2, 4, or 6 days. All assays were performed in 
triplicate. Error bars are included but too tight to see. P, <0.001. (C) Colony 
foci formation assays. HeLa cells transfected with the MIZ-1 and/or Kr-pok 
expression vector were cultured in G418 containing medium and stained with 
0.1% crystal violet. (D) FACS analysis of apoptosis. Kr-pok inhibits apoptosis 
induced by MIZ-1. HEK293 cells were transfected with Kr-pok and/or MIZ-1 
expression vector and stained with Annexin-V 48 h after transfection. X axis, 
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Annexin-V-FITC staining; Y axis, PI staining. The number represents the 
percentage of apoptotic cells in each condition (right quadrants). 
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9. KR-POK expression increases in human tumours 

In 68% of malignant kidney cancer tissues, KR-POK expression is 

significantly higher than in normal tissues (Bu-Nam Jeon, Master degree, 

2007). In addition, data obtained from a publicly available database of tumour 

expression profiles shows that KR-POK expression is relatively high in other 

cancer types (1.53.6 fold in glioblastoma; 2.2 fold in smouldering myeloma) 

compared to control tissues, while the expression level of MIZ-1 is either 

decreased or remains unchanged (0-1.8 fold in glioblastoma; no change in 

smouldering myeloma) relative to control tissues (www.oncomine.org) 

(Figure 9A-C). Our biochemical data on KR-POK and the high correlation 

between KR-POK expression level and tumorigenesis suggest that KR-POK 

is a proto-oncogene. The changes in expression in tumour tissues suggest that 

abundant KR-POK binds to the CDKN1A promoter more effectively than 

MIZ-1 and so represses transcription and stimulates cell proliferation. 

Interestingly, when immortalised normal HEK293A cells are challenged with 

etoposide, the expression of MIZ-1 mRNA is increased and that of KR-POK 

is decreased as part of the cellular defence mechanism against genotoxic 

stress (Figure 9D). It appears that in cancer cells, this cellular defence 

mechanism is disrupted; the KR-POK level is high, while the MIZ-1 level is 

relatively low. 
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Figure 9. KR-POK expression is increased in human tumours. (A, B, C) 
KR-POK expression is increased in glioblastoma (1.53.6x) and smouldering 
myeloma (2.2x) compared to control tissue, while MIZ-1 expression is either 
decreased or remains unchanged in glioblastoma (0-1.8x) and smouldering 
myeloma (no change) relative to control tissue. The data are obtained from 
www.oncomine.org (Zhan et al., 2007; Lee et al., 2006; Sun et al., 2006). 
Data presented as a Box and Whisker graph with error bars representing the 
10th and 90th percentiles. (D) KR-POK and MIZ-1 mRNA expression 
analysis in HEK293A cells treated with etoposide (5 M) , P<0.01. Contrary 
to the expression pattern of KR-POK and MIZ-1 in cancer tissues, DNA 
damage signals decrease KR-POK expression but increase MIZ-1 expression 
in immortalised normal HEK293A cells. 
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Figure 10. Hypothetical model of transcriptional regulation of CDNK1A 
by p53, MIZ-1 and KR-POK. (A) p53, Sp1, and coactivator in 
transcriptional activation of the CDKN1A. p53 is induced by genotoxic stress, 
binds to the distal p53 binding elements and communicates with Sp1 to 
activate transcription synergistically. Sp1 is responsible for basal transcription. 
GC box#3 is critical in both basal transcription and synergistic transcription 
activation by Sp1-p53 interaction. Solid line with arrowhead (→), 
transcriptional activation; Solid line with double arrowhead (<—>), protein 
interaction. (B) Transcriptional activation by MIZ-1 and co-activator. MIZ-1 
activates transcription by binding to the proximal elements such as MRE-A, 
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GC-box #3, and GC- box #5/6, and MRE-B. Although mechanistically not 
shown, MIZ-1 synergistically activates transcription by interacting with Sp1 
in the region. (C) Transcriptional repression by Kr-pok and coprpressor in the 
proximal promoter region. Kr-pok binds primarily to GC-Box-#1 and -#3 and 
also weakly to other GC boxes and MREs. Kr-pok appears to compete with 
either MIZ-1 or Sp1 to repress transcription, particularly binding competition 
at GC box#3 may be important. (D) Molecular mechanism of transcriptional 
regulation of CDKN1A by MIZ-1 and Kr-pok. Transcriptional activation by 
MIZ-1 can be repressed by Kr-pok at the proximal promoter, via binding 
competition at GC Box#3 and MREs. MIZ-1 can bind to distal p53 binding 
elements, which can also be competed by Kr-pok. MIZ-1 interacts with p53 
and increases p53 binding. The two proteins synergistically activate 
transcription. KR-POK displaces the MIZ-1/p300 complex and recruits the 
co-repressor HDAC complex, which deacetylates histones Ac-H3 and Ac-H4 
at the proximal promoter to repress transcription. Thickness of arrows, DNA 
binding intensity; MRE, MIZ-1 binding elements; p53RE, p53 binding 
element; Tsp (+1), transcription start point; ZF, zinc-finger DNA binding 
domain; x, transcription repression. 
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Supplement Figure 1. MIZ-1 and Kr-pok interacts with each other. (A) 
BiFC/FRET assays of protein interaction between the POZ-domains of BCL6 
and MIZ-1 in CV-1 cells. The POZ-domains of BCL6 and MIZ-1 were shown 
to interact to form a heterodimer and serves as a positive control. (B) Co-
immunoprecipitation and western blotting assays. Whole cell extracts of the 
HEK293A cells transfected with either FLAG-Kr-pok or Myc-MIZ-1 
expression vector were immuno-precipitated using the anti-FLAG antibody or 
anti-Miz-1 antibody (for reverse IP), followed by immuno-blotting with the 
anti-Miz-1 antibody or the anti-FLAG antibody 
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Supplement Figure 2. Overexpression of Kr-pok represses 
transcriptional activation of CDKN1A by MIZ-1. (A) Transient 
transcription assays of the CDKN1A by qRT-PCR. HEK293A cells were 
transfected with Myc-Kr-pok and/or Myc-MIZ-1 expression vectors and 
analysed for endogenous CDKN1A mRNA levels. , P<0.01 (B) Western 
blotting assays of (A). GAPDH, loading control. Relative band intensities 
analysed by multi gauger V3 program were indicated below western blot of 
p21 
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Supplement Figure 3. Recombinant Kr-pok zinc finger DNA binding 
domain (ZFDBD) binds to the GC-boxes #1 and #3 elements of CDKN1A 
directly , but not to the beads or 3’–UTR DNA fragment. Oligonucleotide 
pull-down assays. Purified recombinant GST protein or GST-ZFDBD of Kr-
pok protein was incubated with the oligonucleotide GC-box probes 
conjugated to Streptavidin agarose beads. 3’-UTR DNA fragment and bead, 
negative controls. Proteins bound to the probes were precipitated by 
centrifugation and analysed by western blotting.  
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Supplement Figure 4. MIZ-1 and p53 activates transcription of CDKN1A 
promoter synergistically, but Kr-pok represses transcriptional activation 
of CDKN1A by p53 and MIZ-1. (A) Diagram of the CDKN1A promoter-
luciferase gene fusion reporter construct. (B) pcDNA3-FLAG-Kr-pok, 
pcDNA-HA-p53 and/or pcDNA3.1-Myc/HIs-MIZ-1 and reporter plasmids 
were transiently cotransfected into HCT116 p53 null cells. Luciferase activity 
was measured 48 h after transfection and normalised for transfection 
efficiency with cotransfected -galactosidase activity or protein concentration. 
Data presented are the average of three independent assays. Bars represent 
standard deviations. Transfected cells were analysed for ectopic expression of 
FLAG-Kr-pok, Myc/His-MIZ-1 and p53 by western blot. , P<0.05; , 
P<0.01 (C) Co-immunoprecipitation MIZ-1 and p53, and western blotting 
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assays. Whole cell extracts of the HEK293A cells transfected with Myc-MIZ-
1 expression vector were immuno-precipitated using the anti-Miz-1 antibody, 
followed by immuno-blotting with the anti-Miz-1, anti-p53, and anti-GAPDH 
antibodies.  
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Supplementary Figure 5. MIZ-1 and Sp1 synergistically activate 
transcription of pG5-5x(GC)-Luc minimal promoter, but Kr-pok 
represses transcriptional activation by Sp1. (A) Diagram of the pG5-
5x(GC)-luciferase gene fusion reporter construct. (B)Transient transcription 
analysis of pG5-5x(GC)-Luc by MIZ-1, and Sp1. Reporter plasmid and Sp1 
or/and MIZ-1 expression vector were transiently cotransfected into HEK293A 
cells and analysed for luciferase activities. (C) Transient transcription analysis 
of pG5-5x(GC)-Luc by Sp1, and Kr-pok. Reporter plasmid and Sp1 or/and 
Kr-pok expression vector were cotransfected. Luciferase activities were 
measured 48 h after transfection and normalised for transfection efficiency 
with cotransfected  　-galactosidase activity or protein concentration. Data 
presented are the average of three independent assays. Bars represent standard 
deviations. , P<0.01 
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IV. DISCUSSION 

 

Kr-pok is a member of the POK family of transcription factors. Kr-pok is 

overexpressed in kidney cancer tissues and is a potential proto-oncoprotein 

that stimulates cell proliferation (Bu-Nam Jeon, Master degree, 2007). Kr-pok 

is a potent regulator of gene expression of the p53 pathway (Bu-Nam Jeon, 

Master degree, 2007). However, how Kr-pok represses the transcription of 

CDKN1A and stimulates cell proliferation was previously unknown.  

MIZ-1 is known as an activator of CDKN1A gene by acting on the proximal 

promoter. DNase I footprinting showed that MIZ-1 binds the two regulatory 

elements (MRE-A, bp -90-64 and MRE-B, bp -27-17) of the CDKN1A 

proximal promoter that overlap with the Sp1 binding GC-boxes (#2, #5/6)37. 

Interestingly, our oligonucleotide pull-down assays showed that MIZ-1 binds 

to additional regulatory elements, such as distal p53RE#1, p53RE#2, GC-

box#3, GC-box#4, and GC-box#5/6. In terms of binding affinity, MRE-A 

(partially overlapping with GC-box#2), MRE-B (overlapping with GC-

box#5/6), and GC-box#3 may be more important in the transcriptional 

regulation of CDKN1A gene by MIZ-1. Accordingly, any regulatory 

molecules interacting with MIZ-1 or binding these elements can potentially 

affect the transcriptional activity of MIZ-1 (Figure 10B). 

We demonstrate that Kr-pok can repress transcription on the reporter 

construct with short promoter elements (bp, -133 +30) containing two 
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proximal MIZ-1 binding elements and Sp1 binding GC-box elements. 

Interestingly, unlike other ZBTB proteins investigated so far (ZBTB2, 5, 

ZBTB7A, etc), Kr-pok can bind to all of the GC-box elements and MIZ-1 

binding elements, although it shows a relatively higher affinity for GC-box#1 

and GC-box#3 (Figure 10C). This suggests that Kr-pok binding to GC-box#1 

and GC-box#3 is likely more important in transcriptional repression. Both 

MIZ-1 and Kr-pok bind to GC-box#3, which is critical not only in basal 

transcription but also in communication and synergistic transcriptional 

activation between Sp1 bound at the proximal GC-box#3 and p53 bound on 

the distal elements for inducible expression of p2140.  

Because MIZ-1 and Kr-pok interact with each other, we initially considered 

a repression mechanism similar to the molecular mechanisms proposed for 

lymphomagenesis by MIZ-1-mediated recruitment of BCL6, c-Myc, and Gfi-

134, 36, 38. However, the ChIP assays and binding analysis of the CDKN1A 

promoter suggested that MIZ-1 and Kr-pok compete with each other in the 

transcriptional regulation and that binding site competition may be a 

molecular mechanism that regulates cell proliferation in normal and tumour 

tissues (Figure 9).  

We found that Kr-pok can repress MIZ-1-dependent transcriptional 

activation of the cell cycle arrest gene CDKN1A in HEK293A cells and that, 

in doing so, it stimulates cell proliferation. Mechanistically, Kr-pok binds to 

the proximal GC-boxes, particularly GC-box#1 and #3, and also to the MIZ-1 
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binding sites (MRE-A and –B). MIZ-1 binds to MRE-A, MRE-B and also 

GC-box#3. Kr-pok represses the transcription of the CDKN1A by competing 

with MIZ-1, displacing the MIZ-1-p300 complex, and deacetylating histones 

at the proximal promoter. Our data showed how MIZ-1 and Kr-pok, as well as 

the molecular interplay between the two factors, could regulate cell 

proliferation by modulating CDKN1A gene transcription (Figure 10). 

Interestingly, we found that MIZ-1 binds to the distal p53 binding 

elements. It also interacts with p53 and increases p53 binding in the region, 

MIZ-1 and p53 synergistically activate transcription of CDKN1A in HCT116 

p53-null cells. MIZ-1 can activate transcription alone and it also 

synergistically activates transcription with Sp1. Molecular events among Kr-

pok, p53, Sp1, and MIZ-1 in the regulation of CDKN1A transcription can be 

intriguing. When cells are under genotoxic stress condition, expression of 

MIZ-1 and p53 is greatly induced and molecular interactions among p53, 

MIZ-1, and Kr-pok at the distal p53RE may regulate CDKN1A gene 

transcription. In low p53 expression condition, interactions among Kr-pok, 

Sp1, and MIZ-1 at the proximal promoter are likely a major determinant of 

p21 expression. 

Kr-pok uses a unique strategy to block the transcription of the negative cell 

cycle regulatory gene CDKN1A by blocking the transcriptional induction by 

p53, MIZ-1, and Sp1 and, more specifically, by binding the key regulatory 

elements GC box#3 and two flanking GC boxes #1 and #5/6 that otherwise 
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are bound by MIZ-1 and Sp1. The mechanism we proposed here is different 

from the models proposed for MIZ-1/BCL6, MIZ-1/Gfi-1, and Myc/MIZ-1 

for lymphomagenesis34, 36, 38. MIZ-1 was shown to interact with the 

transcriptional coactivator p300 with HAT activity to activate transcription by 

acetylating histones H3 and H4 at the proximal promoter41. The binding of 

Kr-pok displaces the MIZ-1-p300 complex from the promoter, resulting in 

deacetylated histones and transcriptional repression (Figure 10D). 

 Overall, our studies suggest that Kr-pok is a transcriptional repressor with 

oncogenic potential and that, when overexpressed, Kr-pok stimulates cell 

proliferation. Because MIZ-1 and Kr-pok MIZ-1 and Kr-pok are involved in 

cell cycle regulation, the cellular context of MIZ-1 and Kr-pok in normal or 

cancer cells can be important in the regulation of cell proliferation.  
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V. CONCLUSION 

 

BTB/POZ-domain containing proteins and interaction between them could 

play important roles in cancer development or cell differentiation by 

regulating CDKN1A gene expression22-25, 34. In this paper, I was able to 

demonstrate that MIZ-1, a tumour suppressor gene, interacts with Kr-pok, 

directly through immunoprecipitations, BiFC/FRET assays and GST fusion 

protein pull-down assay. To investigate effect of this particular interaction on 

CDKN1A expression, we performed real time quantitative PCR and Western 

blot analyses. Kr-pok represses transcriptional activation of the CDKN1A by 

MIZ-1.       

 Previous studies showed that BCL6, c-Myc, and Gfi-1 repressed 

transcription of CDKN1A by interacting with MIZ-1. Therefore, we 

hypothesized that Kr-pok can be recruited by MIZ-1 on CDKN1A promoter. 

Transient transcription and reporter assays showed that Kr-pok represses the 

transcriptional activation of CDKN1A by MIZ-1 by acting on the proximal 

promoter region. To confirm the recruitment of Kr-pok on CDKN1A, we 

performed oligonucleotide pull-down assays. Interestingly, Kr-pok alone was 

able to bind to CDKN1A proximal promoter even in the absence of MIZ-1 

binding.  

To investigate how the two proteins regulate transcription in mechanistic 

view point, I was able to show that Kr-pok competes with MIZ-1 to bind to 

the proximal promoter GC-box, MRE-B by ChIP assay and oligonucleotide 

pulldown assay. Previously, MIZ-1-p300 activates the transcription of MIZ-1 

target genes, such as p15INK4b and CDKN1A, through MIZ-1-mediated 

recruitment of the co-activator p30039.  

Interestingly, Kr-pok competes with MIZ-1 to bind to the distal regulatory 

regions spanning p53 binding elements of CDKN1A, which decreases p300 
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coactivator recruitment. Kr-pok also competes with MIZ-1 to bind to the 

proximal promoter region of the CDKN1A, which decreases p300 coactivator 

recruitment and histone acetylation.  

Kr-pok induced cell proliferation and repressed apoptosis. The function of 

Kr-pok is to reverse MIZ-1 activity on regulation of cell growth and apoptosis. 

The highly expression of KR-POK in human tissues would promote formation 

of tumours and I suggest KR-POK as a proto-oncogene.    
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ABSTRACT(In Korean) 

 

 종양유발단백질 KR-POK와 MIZ-1의 경쟁적인 결합에 의한 

CDKN1A 유전자의 전사억제 

 
< 지도교수 허 만 욱> 

 
연세대학교 대학원 의과학과 

 

이 경 미 
 

BTB/POZ-domain 계열 단백질들은 발암현상, DNA 손상에 의한 

반응, 세포주기조절, 그리고 발생 등의 다양한 생물학적 과정에서 

역할을 한다. 이러한 기능을 하는 BTB/POZ계 단백질 중, Myc-

interacting zinc-finger protein 1인 MIZ-1은 CDKN1A의 

전사활성인자로 알려져 있고 다수의 논문들에서 발표된 바 있다. 

우리 연구팀은 최근 kidney, brain 그리고 bone marrow 암에서 

높게 발현되는 kidney cancer-related POK transcription factor 

(KR-POK)가 잠재적인 종양유발단백질이라는 사실을 밝혔다. 

 Kr-pok는 CDKN1A의 proximal promoter에 작용하여 전사를 

억제함과 동시에 MIZ-1과 POZ-domain간의 상호작용이 존재한다는 

것을 BiFC/FRET assay, co-immunoprecipitation 과 GST-fusion 

protein pull-down assay을 통해 증명하였다. 상호작용과 함께 

이들은 각자의 DNA 결합능력이 또한 존재하는데, Oligoucleotide 

pull-down assays과 ChIP assays를 통해서 MIZ-1 이 proximal GC-

box#3(bp, -55 to -63) 와 이미 발표되었던 논문에서 밝혀진 MIZ-1 
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binding elements, MRE-A (bp, -90 to -64) 와 MRE-B (bp, -27 to 

-17)에 결합이 존재하는 것을 확인하였다. 흥미롭게도, MIZ-1은 

proximal promoter 부위뿐만 아니라, distal p53 binding 

elements에도 작용하는 것을 확인하였다. Kr-pok는 proximal GC-

box#1 (bp, -95 to -100) 와 #3 (bp, -55 to -63)에서 상대적으로 

강한 결합을 나타냈고, MIZ-1 binding element와 distal p53 

binding elements에도 결합함을 밝혀냈다. 이 두 가지 단백질은 

서로 경쟁적으로 앞서 말한 부위(GC-boxes, MREs)에 결합하며, Kr-

pok는 MIZ-1과의 경쟁을 통하여 CDKN1A promoter에 MIZ-1/p300 

complex가 binding 하여 작용하는 것을 억제하게 되는데 이러한 

작용은 CDKN1A promoter의 Histone acetylation에 영향을 주어 

전사를 억제하게 된다. 기능적으로, Kr-pok는 MIZ-1의 작용과는 

반대적으로 CDKN1A의 전사를 억제하여, 세포의 형질전환을 

유도하고, 세포성장을 촉진하며, 세포사멸을 감소시킨다.  

현재까지 MIZ-1과의 상호작용에 의한 CDKN1A의 전사조절과 

관련하여 BCL6, c-Myc, Gfi-1 등이 발표 되었고, 이들 단백질들은 

MIZ-1와 상호작용을 통하여 간접적으로 CDKN1A promoter에 

결합하여 전사를 억제하는 작용기전을 보여 주었으나 Kr-pok는 

이들과는 다르게 스스로의 promoter 조절 부위 결합 능력을 갖고 

있어, MIZ-1과의 상경적 결합을 통하여 세포주기 진행 억제 유전자 

CDKN1A의 발현을 억제함으로써 세포증식을 촉진하여 암을 유발 

시킬 수 있다.  

 

                                                                   

핵심 단어: MIZ-1; Kr-pok; CDKN1A; p21; 경쟁; 세포증식 


