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Abstract 
 
 

The Regulation of miR-200c/141 Cluster by HDAC Inhibitors via 
 Polycomb Group Protein BMI1 

 

Polycomb group protein BMI1, a known oncogene, is a transcriptional repressor that is 

overexpressed in several cancers. It plays an important role in regulation of stem cell 

renewal. MicroRNAs (miRNAs) have emerged as major regulatory genes associated with 

cancer and can function either as oncogenes or tumor suppressors. At present, very little 

is known about the pharmacological approaches to inhibit BMI1 and to target miRNAs. 

Histone deacetylase inhibitors (HDACi) have recently been found to be a promising anti-

cancer therapeutics as they regulate various cancer-related phenotypes, including cell 

proliferation, migration and invasion.  

In this study, we explored the role of HDACi in regulating BMI1 and miRNAs, 

specifically miR-200c and miR-141. We report that HDACi promote expression of tumor 

suppressor miRNAs, miR-200c and miR-141 via downregulation of BMI1. We also show 

that BMI1 directly binds to miR-200c/141 promoter and regulate it through transcription 

factor binding motifs, E-box2 and Z-box1 to repress its expression. Previously, it has 

been reported that miR-200c/141 regulate BMI1 transcriptionally. Therefore, our studies 

suggest a reciprocal regulation between BMI1 and miR-200c/141 cluster. 
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INTRODUCTION 

 MicroRNAs (miRNAs) are 18-24 nucleotide-long non-coding RNAs that interact 

with 3’ untranslated regions (UTRs) of target mRNAs, resulting in altered gene 

expression post-transcriptionally (Vasudevan et al., 2007; Flynt et al., 2008). The 

miRNAs are transcribed by RNA polymerase II in the nucleus as primary miRNA 

transcripts (pri-miRNAs) (Lee et al., 2004).  Subsequently, the pri-miRNA is processed 

by a RNase III enzyme, Drosha to produce a precursor miRNA (pre-miRNA), which is 

then exported to cytoplasm with the help of a transporter protein Exportin 5 (Denli et al., 

2004; Bohnsack., 2004). In the cytoplasm, the pre-miRNA is further processed by 

another RNase III enzyme, Dicer to become a mature miRNA capable of binding the 

target mRNA, as a part of RISC (RNA-Induced Silencing Complex) (Chendrimada et al., 

2005). Once bound, it leads to translational repression or mRNA cleavage resulting in 

post-transcriptional gene silencing (Vasudevan et al., 2007).  

Currently, more than 1000 human miRNA sequences have been identified 

(miRbase, 2014), and it has been speculated that miRNAs could regulate ~ 60% of the 

genes present in the human genome. The miRNAs are involved in many physiological 

and pathological processes (Sayed et al., 2011), and their aberrant expression is observed 

in many different human diseases, including cancer (Munker et al., 2011). Studies 

demonstrate that various miRNAs are associated with tumorigenesis by functioning as 

tumor suppressors or oncogenes resulting in changes in the hallmarks of cancer such as 

continuous proliferative signaling, evasion of growth suppressors, replicative immortality, 

cell death, increased angiogenesis, invasion and metastasis (Ross et al., 2011) (Fig. 1). 
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Figure 1. Aberrant miRNA expression affects cancer signaling pathways to 

modulate tumorigenesis. Representative miRNAs depicted in the figure have been 

shown to act as oncogenes or tumor suppressors, and affect the common hallmarks of 

cancer (Modified from Reference: Ross et al., 2011). 

 
 Among various miRNAs identified, the miR-200 family is best known for its 

tumor suppressive functions (Feng et al., 2014).  Based on the chromosomal location, the 

miR-200 family can be categorized into two clusters: miR-200ab/429 cluster on 

chromosome 1p36 and miR-200C/141 cluster on chromosome 12p13 (Hilmarsdottir et al., 

2014). All miR-200 family have been reported to be involved in regulation of many 

critical tumor suppressive processes, including inhibition of epithelial mesenchymal 

transition (EMT), which is considered as the initial step towards tumor metastasis, 

repression of cancer stem cell (CSC) self-renewal and differentiation, and regulation of 
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cell division and promotion of apoptosis (Feng et al., 2014).  Especially, the role of miR-

200 family in EMT has been well-defined and was shown to regulate the expression of 

the master regulators in EMT, ZEB1 and ZEB2 (Hill et al., 2013). In addition, a potential 

link between miR-200 family and CSCs has been suggested in a recent study which 

showed that the expression of all miR-200 members is significantly downregulated in 

human breast CSCs (Shimono et al., 2009). Given these important roles of miRNA-200 

family members in cancer, further investigation into the molecular mechanisms is 

warranted. 

 Posttranslational modifications of histones provide important regulatory platforms 

where various processes, such as gene transcription and DNA repair can be modulated 

(Chi et al., 2010).  Dysregulation of these modifications is one of the central oncogenic 

pathways in human cancer (Arrowsmith et al., 2012). Among various histone modifying 

proteins, polycomb group (PcG) proteins are critical for controlling gene expression and 

determining cell fate and body pattern during development (Sparmann et al., 2006). PcG 

proteins, which act in multimeric complexes known as polycomb repressive complexes 

(PRCs), are often dysregulated in cancer cells (Valk-Lingbeek et al., 2004). In particular, 

BMI1 (B lymphoma Mo-MLV insertion region 1 homolog), a core component of PRC1, 

is known to be overexpressed in a broad spectrum of cancers (Rajasekhar et al., 2007).  

 The BMI1 gene was first identified in Eμ-c-myc transgenic mice as a Myc-

cooperating oncogene in murine lymphomas (Haupt et al., 1991; van Lohuizen et al., 

1991). Human BMI1 gene is located on chromosome 10p11.23 and encodes a 37 kDa 

protein consisting of 326 amino acids (Alkema et al., 1993). BMI1 protein contains a 

conserved ring finger domain at the N terminal and a central helix-turn-helix motif (H-T-
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H) (Li et al., 2006). No enzymatic activity has been observed in the BMI1 protein itself, 

but it has been considered to be the key regulatory component of the PRC1 (Cao et al., 

2005). It has been shown that PRC1 silences target gene expression by establishing 

mono-ubiquitination of histone 2A via RING1B E3 ligase activity (Cao et al., 2005).  

 The most well-defined role of BMI1 in oncogenesis is repression of the INK4a 

locus which encodes tumor suppressor proteins p16Ink4a and p14Arf (Jacobs et al., 1999). 

By suppressing p16INK4A/RB and/or p14ARF/MDM2/p53 tumor suppressor pathways, 

BMI1 promotes cell proliferation and bypass senescence in most cells (Jacobs et al., 1999; 

Itahana et al., 2003; Cao et al., 2011a) (Fig. 2). Interestingly, BMI1 also has been shown 

to play a role in tumorigenesis in INK4A-deficient models (Bruggeman et al., 2007). It 

indicates that other loci related to cancer may also be regulated by BMI1. It has been 

reported that tumor suppressors PTEN and WWOX are regulated by BMI1 (Song et al., 

2009; Kimura et al., 2011). In particular, suppression of PTEN expression is regarded as 

a key mechanism for BMI1-induced EMT (Song et al., 2009). BMI1 also plays a role in 

protection against oxidative stress and DNA damage. Because of this protective role, 

cancer cells overexpressing BMI1 tend to be resistant to cancer therapies that induce 

oxidative stress/or DNA damage mediated apoptosis (Cao et al., 2011a). Furthermore, 

BMI1 is highly enriched in CSCs and considered as a key epigenetic modifier protein for 

the maintenance of CSCs (Siddique et al., 2012). 

 

 

 

4 
 



 

 

 

 

 

 

 

 

 

 

Figure 2. Downstream signaling pathways of BMI1. Representative signaling 

pathways promoted or inhibited by BMI1 resulting in tumorigenesis. * p53 promotes cell 

cycle arrest and apoptosis. BMI1 by inhibiting p14Arf and p53 suppresses apoptosis 

(Modified from Reference: Cao et al., 2011a). 

 Histone acetylation is a key epigenetic mechanism that induces the formation of 

active chromatin structure for the transcription machinery (Yang et al., 2007). Histone 

acetyltransferases (HATs) acetylate the ε-amino group of lysine (K) residue on histones, 

thereby neutralizing their positive charge, which decreases their ability to bind to the 

negatively charged DNA. On the other hand, histone deacetylases (HDACs) remove 

acetyl groups to compact the chromatin resulting in a repressive chromatin state (Yang et 

al., 2007). Thus, the balance between the activity of HATs and HDACs is important for 

maintaining appropriate gene expression. In human cancers, the global loss of acetylated 

lysine residues of histone such like H4K16ac is quite common (Fraga et al., 2005). This 

* 
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can be explained by a decrease in HAT activity or an increase in HDAC activity. 

However, since a number of studies have shown increased activity of HDACs in cancers, 

HDAC inhibitors have been paid special attention for the potential cancer therapy 

(Ropero et al., 2007).  

Initially, the use of HDAC inhibitors as cancer drugs was limited by the fact that 

inhibition of HDACs could potentially induce universal gene expressions including 

oncogenes. However, recent studies showed that HDAC inhibitors cause transcriptional 

changes of a limited set of genes in various cancer cells (Gray et al., 2004). Those genes 

which are downregulated by HDAC inhibitors are mostly key regulators that induce 

tumor progression, such as HIF1-α, vascular endothelial growth factor (VEGF) and basic 

fibroblast growth factor (bFGF). In addition, expression of many tumor suppressors is 

induced by HDAC inhibitors (Gray et al., 2004). This implies a complicated mechanism 

through which HDAC inhibitors might lead to anti-cancer effects, which needs to be 

clearly elucidated.  

A recent study showed that HDAC inhibitors target BMI1 and downregulate its 

expression (Bommi et al., 2010). However, the exact mechanism by which HDAC 

inhibitors control BMI1 expression is still not clear. It has been reported that one of the 

miR-200 family clusters, miR-200c/141, inhibits BMI1 expression (Shimono et al., 2009; 

Dimri et al., 2013). It is possible that HDAC inhibitors regulate BMI1 expression through 

the induction of miR-200c/141 cluster. 

 In this study, we show that HDAC inhibitors induce miR-200c/141. We 

subsequently focused on the interplay between HDAC inhibitors, BMI1 and miR-

200c/141. Numerous studies have shown the negative correlation between BMI1 and 
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miR-200c/141, for example their opposing functions in EMT (Hill et al., 2013; Song et 

al., 2009) and in the CSC phenotype (Shimono et al., 2009; Siddique et al., 2012). These 

findings imply a possible notion that BMI1 and miR-200c/141 may reciprocally regulate 

each other through a negative feedback loop. To address this possibility, we investigated 

the changes in expression of miR-200c/141 and BMI1 in response to HDAC inhibitors 

and their possible reciprocal regulation via a negative feedback loop. 
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MATERIALS and METHODS 

Cell Culture: HEK293T cells were obtained from American Type Culture Collection 

(ATCC) (Manassas, VA), and cultured in Dulbecco’s Modified Eagle’s Medium (DMEM) 

containing 5% Fetal Bovine Serum (FBS), 1mM sodium pyruvate (Corning Cellgro), 1% 

MEM nonessential amino acids and 2mM L-Glutamine. Cells were cultured at 37°C 

under 5% CO2. 

Transient Transfection and Viral Infection: For transient transfection, the calcium 

phosphate method (Graham et al., 1973) was used. For overexpression of BMI1, pcDNA 

(Invitrogen), carrying HA-BMI1 fusion gene (pcDNA-HA-BMI1), was transfected into 

HEK293T cells and the empty pcDNA vector was used as a control. To downregulate 

BMI1 in HEK293T cells, the pRS vector (Addgene) expressing BMI1 shRNA (pRS-

BMI1sh) was transfected, and the empty vector was used as a control. To generate a 

BMI1 overexpressing stable cell line, a retroviral vector pBabe carrying BMI1 cDNA and 

puromycin resistance gene as a selectable marker (pBabe-BMI1) was used.  The 

retroviruses were produced by transient transfection of pBabe or pBabe-BMI1 together 

with pIK packaging plasmid into tsa 54 packaging cell line as described (Dimri et al., 

2000). HEK293T cells were transduced with the retroviruses for 24 hr, and infected cells 

were selected with 1μg/ml puromycin for 48 hr. Two stable cell lines were established 

through this process; B0 (the control cell line infected by empty pBabe vector virus) and 

BMI1 (the cell line that was infected by pBabe-BMI1 virus). 

Reagents: HDAC inhibitor (HDACi) Sodium butyrate (NaB) was obtained from Sigma 

Aldrich (St. Louis, MO). The BMI1 mouse monoclonal antibody (mAb), p16INK4a (p16) 

mAb and β-actin mAb were obtained from Invitrogen (Carlsbad, CA), Santa Cruz 
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Biotechnology (Santa Cruz, CA) and Sigma-Aldrich, respectively. Total H3 and H2A 

pAbs, H4 mAb, anti-acetyl histone H3 and H4 mAbs were obtained from Cell Signaling 

Technology (Danvers, MA). Rabbit polyclonal antibodies (pAbs) against H3K27me3 and 

H2AK119Ub were obtained from Millipore (Billerica, MA). 

Western Blotting Assay: For transient transfection, 5 × 105 HEK293T cells were plated 

in 100 mm dishes and transfected with pcDNA, pcDNA-HA-BMI1, pRS or pRS-BMI1sh 

using CaPO4 method. 48 hr later, cells were lysed with Radio Immunoprecipitation Assay 

(RIPA) buffer (50mM pH 7.5 Tris-HCl, 150mM NaCl, 0.1% sodium dodecyl sulfate, 1% 

Triton X-100, 1mM sodium vanadate, 10mM sodium fluoride, 0.5mM PMSF, 1% 

Aprotinin) and quantified using BCA protein assay kit (Thermo Scientific) (Stoscheck., 

1990). 50μg of whole cell lysate was run on 12% SDS-PAGE gel and analyzed for 

expression of BMI1, p16 and β-actin by Western blotting. The B0 control and BMI1-

expressing cells were also plated in 100 mm dishes and analyzed as described above. For 

drug treatment, HEK293T cells were treated with 2 or 4mM NaB for 24 hr and analyzed 

as described above. For histones, 10μg of whole cell lysates were run on 15% SDS-

PAGE gel and the expression of total H2A, H3, H4, acetylated H3 and H4 (Ac H3 and 

Ac H4), ubiquitinated H2A at lysine 119 (H2AK119Ub) and tri-methylated H3 at lysine 

27 (H3K27me3) was analyzed by Western blotting. 

MicroRNA analysis: The transcript levels of miR-200c and miR-141 in transfected, 

transduced or NaB-treated cells were examined by qRT-PCR. Total RNA was extracted 

using the miRNeasy Mini Kit (Qiagen). The qScript™ microRNA cDNA synthesis kit 

from Quanta Biosciences (Gaithersburg, MD) was used to synthesize single-stranded 

cDNA according to the manufacturer’s protocol. The primers specific for miR-200c, 
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miR-141 and RNU6B were also obtained from Quanta Biosciences. The quantitative real-

time PCR (qRT-PCR) was done under the following conditions; an initial activation at 

50°C for 2 min, 95°C for 20 sec, followed by 40 cycles of 95°C for 1 sec, and 60°C for 20 

sec in Step One Plus Real-Time PCR system (Applied Biosystems). The comparative CT 

(ΔΔCT) method was used to calculate Relative Quantity (RQ) of miRNA expression 

using RNU6B as an endogenous control.  

Reporter Constructs: To generate the wild-type hsa-miR-200c/141 promoter reporter 

plasmid, the sequence information was retrieved from NCBI database 

(NW_003871083.2). The promoter region of -683 to -44 upstream of hsa-miR-200c/141 

gene was PCR-amplified with a designed primer sets (Table 1) and subsequently cloned 

using Xho I and Hind III multiple cloning site of pGL4.18 vector (Promega, Manneheim, 

Germany). The mutant reporter constructs were generated using Quick Change Site-

Directed Mutagenesis Kit (Agilent Technology) according to the manufacturer’s protocol. 

The primer sets used in the site-directed mutagenesis are also described in Table 1. The 

primer sets M1 and M2 were also used to construct mutant 3 (M3). 

Table 1. Sets of primers used to generate miR-200c/141 promoter luciferase constructs 
Primer 

 
Primer Sequence 

WT F 5’- GACTCGAGAGGGGTGAGACTAGGCAGGT -3’ 

 
R 5’- CCAAGCTTAGGATCCCTGCGGAAAAG-3’ 

M1 * F 5'-CACCCTGCGCACCGGTGTGTCCTCC-3'  

 
R 5'-GGAGGACACACCGGTGCGCAGGGTG-3'  

M2 * F 5'-CGCAGGCTCCTTGCCTAGGCCCCGCCTGC-3'  

 
R 5'-GCAGGCGGGGCCTAGGCAAGGAGCCTGCG-3'  

M4 * F 5'-GTCACCGGGCCAACCTCCCCCCAGAGAG-3'  
  R 5'-CTCTCTGGGGGGAGGTTGGCCCGGTGAC-3'  
Note:WT, M, F and R represent wild-type, mutant, forward and reverse respectively.   
* indicates primer sets used for site-directed mutagenesis. 
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Promoter-reporter Assay: To measure miR-200c/141 promoter activity in response to 

different level of BMI1, 500ng of WT and the 4 different mutant reporter constructs (M1, 

M2, M3 and M4) were co-transfected with pcDNA, pcDNA-HA-BMI1, pRS or pRS-

shBMI1 into HEK293T cells using calcium phosphate method and cells were harvested 

for assay after 48 hr. For assay with the stable HEK293T cell lines, 2.5 × 104 cells 

overexpressing B0 or BMI1 were plated in 12 well plates with 500 ng of WT and the 4 

mutant reporter constructs and harvested after 48hr. To see the response of miR-200c/141 

promoter activity by NaB treatment, HEK293T cells were transiently transfected with 

500ng of WT and the 4 mutant reporter constructs. Twenty four hours after transfection, 

cells were treated with NaB for 24hr with two different doses, 2mM and 4mM and 

harvested. pRL-TK vector (Promega) expressing Renilla luciferase was also transfected 

as an internal control in all samples described above. The activity of promoter and the 

internal control was determined by Dual-Luciferase® Reporter Assay System (Promega, 

# E1910) according to the manufacturer’s protocol. The relative promoter activity was 

determined by calculating the ratio between the promoter and the internal Renilla 

luciferase activity. 

ChIP-qPCR: The chromatin-IP (ChIP) assay was performed using ChIP assay kit 

(Millipore, #17-295) according to the manufacturer’s protocol. Briefly, HEK293T cells 

were treated with 1% formaldehyde for 10 min at 37°C. The cross-linked chromatin was 

isolated and sonicated to yield 200-500 bp fragments. Immunoprecipitations (IPs) were 

performed using a custom made rabbit polyclonal antibody raised against BMI1 and a 

control IgG. The BMI1- and IgG- bound chromatin were amplified using miR-200c/141 

promoter specific primers (Table 2) in a Step-one plus RT-PCR machine (ABI). The PCR 
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reactions were performed under the following conditions: 95°C for 10 min, and then 40 

cycles of 95°C for 15 sec and 60°C for 1 min.  

Table 2. qPCR primers used for ChIP along the miR-200c/141 promoter region 
Primer Location 

 
Primer Sequence 

1 (-543 to -683) F 5’-AGGGGTGAGACTAGGCAGGTTGG-3’ 

  
R 5’- ATAGGCTGCCCCCCCACTG-3’ 

2 (-370 to -546) F 5’-TATGGCAGGAGGACACACCTGTG-3’ 

  
R 5’- CCCCAGAGAGTGGGTGCTGG-3’ 

3 (-170 to -372) F 5’-GGGCAGGTGGGCCCGGTGA-3’ 

  
R 5’- CCAGGTTGCAGTCCAAGCA-3’ 

4 (0 to -172) F 5’-GGGCCTCGTGATCAGCGAC-3’ 
    R 5’- CACCTTGGGTCAGGCAGCTT-3’ 

Note: F and R represent forward and reverse respectively 
 

 

 

 

Hypothesis 

I hypothesized that HDAC inhibitors may induce expression of miR-200c/141 through 

downregulation of BMI1. Furthermore, since miR-200c/141 is known to repress BMI1, 

there may be a reciprocal repression between miR-200c/141 and BMI1. 
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RESULTS 

1. HDAC inhibitors induce the expression of miR-200c/141: Since HDACi and miR-

200c/141 both target BMI1, we reasoned that HDACi might induce the expression of 

miR-200c/141. To test this possibility, HEK293T cells were treated with the NaB and its 

effects were analyzed by Western blot analysis. Similar to our previous studies (Bommi 

et al.), the results showed significantly reduced BMI1 and increased p16 protein levels in 

NaB-treated cells in a dose dependent manner (Fig. 3A). The histone modification, 

H2AK119Ub that is reported to be induced by BMI1 expression, also decreased in 

presence of NaB (Figure 3A). As expected, the global acetylation levels of H3 and H4 

were significantly enhanced by HDACi in a dose dependent manner (Fig. 3A).   

 Next, to test whether HDACi regulates miR-200c/141 expression, a promoter 

reporter assay was performed. Human miR-200c and -141 (hsa-miR-200c and-141) genes 

are very closely located on chromosome 12p13.31 and share a putative common 

promoter region of about 600bp upstream from the transcription start of miR-200c gene 

(Fig. 3B). For the promoter assay, we cloned the putative promoter (-683 to -44 relative 

to first nucleotide of the miR-200c gene) into a luciferase reporter vector (Fig. 3B and Fig. 

3C, top). HEK293T cells were transfected with the reporter construct and subsequently 

treated with NaB. The activity of the putative miR-200c/141 promoter increases in a dose 

dependent manner (Fig. 3C, bottom). This result indicates that HDACi transcriptionally 

activates miR-200c and -141 expression. The induction of miR-200c and -141 by HDACi 

were confirmed by qRT-PCR (Fig. 3D).  
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Figure 3. HDACi promotes the expression of miR-200c/141. (A) The effect of HDACi, 

NaB on the expression of BMI1, p16 and various histone modifications was confirmed by 

Western blot analysis in HEK293T cells.  (B) Schematic of the genomic organization of 
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hsa-miR-200c and hsa-miR-141 on chromosome 12p31.13, and putative protein binding 

motifs, Z- and E- boxes. The cloned promoter and its sequences are indicated. (C) 

Relative activity of the miR-200c/141 promoter in 0, 2 and 4mM NaB-treated HEK293T 

cells. (D) Relative expression of miR-200c and miR-141 in 0, 2 and 4mM NaB-treated 

HEK293T cells determined by qRT-PCR. 

2. Overexpression of BMI1 downregulates miR-200c/141 expression: Next, to explore 

the molecular mechanism by which HDACi might induce the expression of miR-

200c/141, we focused on the role of BMI1, which is downregulated by HDACi. Since it 

has been known that BMI1 is involved in wide-range of gene silencing (Cao et al., 

2011a), it is possible that HDACi induces miR-200c/141 expression by regulating the 

gene silencing factor, BMI1. To test this possibility, we first examined whether the 

expression of miR-200c/141 changes upon overexpression of BMI1. The overexpression 

of BMI1 in HEK293T cells was established by transiently transfecting HA-BMI1 into the 

cells. The transient transfection of HA-BMI1 as expected increased BMI1 expression, 

which in turn, resulted in the suppression of its target protein p16 in a dose dependent 

manner (Fig. 4A). Next, the luciferase-reporter assay with the putative miR-200c/141 

promoter reporter construct was performed in cells overexpressing exogenous BMI1. Our 

results show that the promoter activity is significantly suppressed by BMI1 in a dose 

dependent manner (Fig. 4B). Suppression of miR-200c and -141 by BMI1 was confirmed 

by qRT-PCR assays (Fig. 4C).  
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Figure 4. Overexpression of BMI1 suppresses the expression of miR-200c/141. (A) 

BMI1 overexpression in HEK293T cells was determined by Western blot analysis. 

Overexpression of BMI1 suppresses p16 expression. β-actin was used as the loading 

control. (B) Relative miR-200c/141 promoter activity upon BMI1 overexpression. (C) 

Relative miRNA expression of miR-200c and miR-141 upon BMI1 overexpression was 

determined by qRT-PCR. 

3. BMI1 knockdown upregulates miR-200c/141 expression: To further demonstrate 

that expression of miR-200c/141 can be regulated by BMI1, we transfected HEK293T 

cells with a shRNA to knockdown BMI1 (Fig. 5A), and measured the promoter activity 

and expression of miR-200c/141. In response to BMI1 knockdown, the miR-200c/141 

promoter activity significantly increased in a dose dependent manner (Fig. 5B). In 

addition, the relative levels of both miR-200c and -141 increased upon BMI1 
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downregulation (Fig. 5C). These results indicate that BMI1 transcriptionally regulates 

miR-200c/141.  
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B                                                                 C 

 

 

 

Figure 5. Knockdown of BMI1 promotes the expression of miR-200c/141. (A) 

Knockdown of BMI1 in HEK293T cells by BMI1 shRNA. Western blot analysis shows 

the protein expression levels for BMI1 and p16. β-actin was used as the loading control. 

(B) Relative miR-200c/141 promoter activity upon BMI1 knockdown. (C) qRT-PCR 

result shows relative miRNA expression of miR-200c and miR-141 upon BMI1 

knockdown. 

4. BMI1 binds to the miR-200c/141 promoter: Next, to identify the mechanism by 

which BMI1 regulates miR-200c/141 expression, we tested whether BMI1 directly 

interacts with the putative miR-200c/141 promoter sequences using chromatin 

immunoprecipitation (ChIP) analysis. ChIP assay was performed using a set of four 
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miR- 
200c 

Z-Box 2 
    

E-Box 3 
    

Z-Box 1 
    

E-Box 2 
    

1 2 3 4 

-683 -546 -543 -372 -370 -170 -172 +1 

miR-200c/141 Promoter 

primers which cover a 683bp region of miR-200c/141 promoter (Table 2 and Fig. 6A). 

The results of ChiP-qPCR suggest that indeed BMI1 binds to miR-200c/141 promoter, 

especially to the region of -370 to -546 from the miR-200c gene (Fig. 6B, Primer set 2). 

A 

 

 

 

 

B 

 

 

 

 

 

Figure 6.  BMI1 binds to miR-200c/141 promoter.  (A) Four different sets of primers 

covering 683 bp of miR-200c/141 promoter region. (B) Binding of BMI1 to miR-

200c/141 promoter was determined by ChIP assay in HEK293T cells. IgG bound 

chromatin was used as a control. 

5. BMI1 regulates miR-200c/141 expression via E-box2 and Z-box1 of the miR-

200c/141 promoter: After we observed BMI1 binding to miR-200c/141 promoter, we 

defined regulatory sites on the promoter. The upstream region of hsa-miR-200c/141 

genes and the spacer between those two genes contain six putative protein binding 
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sequences; E-boxes (E-box 1 to 4, GAGGTG) and two Z-boxes (Z-box 1 and 2, 

CAGGTA) (Fig. 3B). E-box has been known as the binding sequence for various 

regulatory proteins such as c-Myc, MyoD and several EMT promoting proteins 

(Desbarats et al., 1996; Shklover et al., 2007; Burk et al., 2008). Z-box has been reported 

as a protein binding motif not only to the strong EMT inducers, ZEB1 and ZEB2, but also 

to others such as Snail and Slug (Spaderna et al., 2006). Since our cloned miR-200c/141 

promoter contains four putative binding motifs, E-box 2 and 3, and Z-box 1 and 2 (Fig. 

3B), we reasoned that BMI1 possibly regulates miR-200c/141 by binding to one of those 

motifs. In particular, E-box2 and Z-box1 are located in the sequence region which is 

amplified with the primer set 2 in ChIP analysis. Therefore, we further hypothesized that 

BMI1 regulates miR-200c/141 expression by binding to these two binding motifs.  

 To test whether BMI1 regulates miR-200c/141 via these putative BMI1 binding 

sites, we generated 4 mutants; mutant 1 (M1) in which E-box2 was mutated, mutant 2 

(M2) in which Z-box1 was mutated, mutant 3 (M3) in which both E-box2 and Z-box1 

were mutated and mutant 4 (M4) in which E-box3 was mutated (Fig. 7A). Since BMI1 

does not seem to bind to the region of miR-200c/141 promoter which was amplified by 

primer set 3 in ChIP analysis, we expected that BMI1 would not function through E-box3 

and assigned M4 as a negative control. Furthermore, E-box2 and Z-box1 are highly 

conserved from human to rat whereas E-box3 is less conserved (Fig. 7B). This fact 

supports our hypothesis that E-box2 and Z-box1 may be the regulatory motifs targeted by 

BMI1. Our results show significantly increased levels of promoter activity in M1, M2 

and M3 as compared to wild-type miR-200c/141 promoter (WT) (Fig. 7C). Especially, 

much higher activity was noted in M3 than M1 and M2 (Fig. 7C). These results imply 
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that both E-box2 and Z-box1 work as regulatory motifs for miR-200c/141 expression. On 

the other hand, M4 exhibited similar promoter activity as the WT promoter (Fig. 7), 

suggesting that E-box3 is not a regulatory motif for miR-200c/141 expression.   
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Figure 7. E-box 2 and Z-box 1 are regulatory motifs for miR-200c/141 expression. (A) 

Schematic of generated miR-200c/141 mutant promoter reporter constructs. (B) Sequence 
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alignment of Z-box 1, E-box 2 and 3 from human, mouse and rat. (C) Promoter activity 

of miR200c/141 promoter and putative BMI1 binding motif mutants in HEK293T cells. 

WT, M1, M2, M3 and M4 represent wild-type, mutant 1 to 4, promoter reporter 

constructs, respectively.  

 Next, to determine whether regulation of miR-200c/141 by BMI1 requires E-box2 

and Z-box1, we tested their promoter activity with overexpression or knockdown of 

BMI1. For BMI1 overexpression, we generated a stable HEK293T cell line 

overexpressing BMI1 (Fig. 8A).  Using this cell line, the relative promoter activity of 

wild-type and all mutants in B0 (control) and BMI1 (BMI1 overexpression) cells were 

analyzed by the reporter assay. Our results show that the promoter activity of WT and M4 

mutant constructs is significantly suppressed in BMI1 overexpressing cells, but M1, M2 

and M3 did not respond to BMI1 overexpression (Fig. 8B). These results suggest that 

BMI1 regulates miR-200c/141 through both E-box2 and Z-box1 motifs.  
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Figure 8. Promoter activity of wild-type and mutant miR-200c/141 promoter upon BMI1 

overexpression. (A) BMI1 overexpressing stable cell line. BMI1, p16 and β-actin in B0 

(the control cell line infected by empty vector virus) and BMI1 (the cell line that was 

infected by BMI1 carrying virus) were determined by Western blot analysis. (B) Relative 

promoter activity of WT and M1 to 4 in B0 and BMI1. WT, M1, M2, M3 and M4 

represent wild-type, and mutant 1 to 4 promoter-reporter constructs respectively.  

To confirm the possibility that E-box2 and Z-box1 are required for the BMI1-

mediated miR-200c/141 regulation, we also performed similar experiments using BMI1 

knockdown (Figure 9). Knockdown of BMI1 in HEK293T cells was achieved by using 

the BMI1 shRNA as described previously (Fig. 9A).  WT and M4 reporter constructs 

exhibited higher promoter activity upon BMI1 downregulation (Fig. 9B). On the other 

hand, the promoter activity of M1, M2 and M3 was not changed by BMI1 knockdown 
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(Fig. 9B). These results together with the ChIP analysis (Fig.  6) indicate that BMI1 

regulates miR-200c/141 by directly binding to E-box2 and Z-box1. 

A                                              B 

 

 

 

 

 

 

 

 

 

 

Figure 9. Promoter activity of wild-type and mutant miR-200c/141 promoter upon BMI1 

knockdown. (A) Knockdown of BMI1 in HEK293T cells by BMI1 shRNA. Western blot 

analysis shows the protein expression levels for BMI1, p16 and β-actin. (B) Relative 

promoter activity of WT and mutant reporter constructs in 0 and 3μg of BMI1shRNA 

transfected cells. WT, M1, M2, M3 and M4 represent wild-type, and mutant 1 to 4 

promoter-reporter constructs respectively.  

6. HDAC inhibitors regulate miR-200c/141 via BMI1: Our results so far showed that 

BMI1 transcriptionally regulates miR-200c/141 expression. Next, we tested whether 

HDACi-induced miR-200c/141 expression is mediated by BMI1 downregulation. To test 

this possibility, we performed promoter assay with wild-type miR-200c/141 promoter in 

B0 and BMI1 cells with or without NaB treatment. The effect of HDACi to induce miR-
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200c/141 expression is significantly diminished by overexpression of BMI1 (Fig. 10). 

Although the promoter activity still increases in BMI overexpressing cells in the presence 

of NaB, it is significantly decreased as compared to the promoter activity in B0 set with 

HDACi treatment (Fig. 10, B0 and BMI1 with 4mM NaB). These results suggest that 

HDACi induces miR-200c/141 expression in part via downregulation of BMI1. 

  

 

 

 

 

 

 

 

 

Figure 10. HDAC inhibitors regulate miR-200c/141 via BMI1. The relative activity of 

wild-type miR-200c/141 promoter was examined in B0 (control) and BMI (BMI1 

overexpression) cells with NaB 4mM treatment. 
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DISCUSSION 

 PRC (PRC1 and PRC2)-mediated epigenetic regulation is critical for maintaining 

cellular homeostasis. Members of PcG proteins including BMI1, a PRC1 component, are 

upregulated in various cancer types, supporting their role in tumorigenesis. The miRNAs 

are small non-coding RNAs that appear to regulate gene expression in every cell process. 

Aberrant miRNA expression causes genetic and epigenetic alteration and contributes to 

cancer risk. Studies from our group and others have shown that PcG protein BMI1 can be 

targeted by HDACi (Bommi et al., 2010). However, the exact mechanism of this 

regulation by HDACi is not clear. Previous studies have shown that HDACi can 

modulate the expression of miRNAs (West et al., 2014). Additionally, other studies have 

shown that miR-200c and -141 transcriptionally regulate BMI1 (Shimono et al., 2009; 

Dimri et al., 2013). This suggests that these miRNAs could act as the potential mediators 

of HDACi-induced BMI1 downregulation. Since both HDACi and miRNA-200c and -

141 can target BMI1, we tried to determine whether miR-200c/141 expression would be 

enhanced by HDACi, and if so, what factors would be responsible for the expression of 

these two miRNAs.  

In many physiological mechanisms, the negative feedback loop relationship 

between two antagonistic factors has very often been reported. A recent study showed a 

reciprocal repression between miR-200c/141 and their main target protein ZEB1 (Burk et 

al., 2008). Furthermore, it was recently reported that several miRNAs including miR-200 

family members were regulated by EZH2, a member of PRC2 complex of PcG proteins 

(Cao et al., 2011b).  The canonical mechanism of how PRCs silence their target gene 

expression is by establishing H3K27me3 mark on its target gene region, which then 
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initiates transcriptional repression by EZH2. Subsequently, PRC1 recognizes H3K27me3 

marks and induces H2AK119Ub for further maintenance of transcriptional repression 

(Wang et al., 2015). These previous studies imply that the PRC1 component, BMI1 

possibly functions as the transcriptional regulator for the miR-200c/141 expression. 

 Indeed, our study shows that BMI1 is capable of inhibiting the miR-200c/141 

expression transcriptionally. The promoter activity and the level of transcripts of miR-

200c/141 were significantly altered depending on the level of BMI1 expression. We 

further show that BMI1 directly interacts with the E-box2 and Z-box1 on the miR-

200c/141 promoter. Our result that miR-200c/141 promoter activity is significantly 

suppressed by BMI1 overexpression even in presence of HDACi (Fig. 10) strongly 

supports the role of BMI1 as a crucial mediator for HDACi-induced miR-200c/141 

expression. These finding suggest a model, whereby HDACi decreases the levels of 

BMI1 protein which normally suppresses miR-200c and -141 expressions by binding to 

their common promoter (Fig. 11). It is thus expected that once the BMI1 protein levels 

decrease, miR-200c/141 promoter is derepressed, resulting in increased levels of miR-

200c and -141. Subsequently, elevated levels of miR-200c and -141 suppress BMI1 

expression and result in further increase in the expression of both of these miRNAs. 

Finally, this increased levels of miR-200c and -141 lead to the tumor suppressive effect. 
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Figure 11. Schematic model of the effect of how HDACi regulate expression of BMI1 

and miR-200c/141, and negative feedback between BMI1 and miR-200c/141 expression. 

 In summary, our study shows that HDACi induces miR-200c/141 expression via 

downregulation of the PcG protein BMI1 and suggests a potential reciprocal repression 

between BMI1 and miR-200c/141. At present, it is not clear how HDACi directly or 

indirectly regulate BMI1. Further studies are needed to understand the mechanism of 

BMI1 regulation by HDACi.  Elucidating this mechanism will help further understand 

function and regulation of HDACi, BMI1 and miR-200c/141 and contribute to the 

developmental novel cancer treatments. 

 

 

 

 

 

27 
 



References: 

1. Vasudevan S, Tong Y, Steitz JA. 2007. Switching from repression to activation: 

microRNAs can up-regulate translation. Science. 318(5858):1931-4. 

2. Flynt AS, Lai EC. 2008. Biological principles of microRNA-mediated 

regulation: shared themes amid diversity. Nat Rev Genet. 9(11):831-42. 

3. Lee Y, Kim M, Han J, Yeom KH, Lee S, Baek SH, Kim VN. 2004. MicroRNA 

genes are transcribed by RNA polymerase II. EMBO J. 23(20): 4051–4060. 

4. Denli AM, Tops BB, Plasterk RH, Ketting RF, Hannon GJ. 2004. Processing of 

primary microRNAs by the Microprocessor complex. Nature. 432(7014):231-5. 

5. Bohnsack MT, Czaplinski K, Gorlich D. 2004. Exportin 5 is a RanGTP-

dependent dsRNA-binding protein that mediates nuclear export of pre-miRNAs. 

RNA. 10(2):185-91. 

6. Chendrimada TP, Gregory RI, Kumaraswamy E, Norman J, Cooch N, Nishikura 

K, Shiekhattar R. 2005. TRBP recruits the Dicer complex to Ago2 for 

microRNA processing and gene silencing. Nature. 436(7051):740-4. 

7. miRBase: the microRNA database. Release 21; June 2014 [cited 2015 Mar 13]. 

Available from: http://www.mirbase.org. 

8. Sayed D, Abdellatif M. 2011. MicroRNAs in development and disease. Physiol 

Rev. 91(3):827-87. 

9. Munker R, Calin GA. 2011. MicroRNA profiling in cancer. Clin Sci (Lond). 

121(4):141-58. 

10. Ross SA, Davis CD. 2011. MicroRNA, nutrition, and cancer prevention. Adv 

Nutr. 2(6):472-85. 

28 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Vasudevan%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18048652
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tong%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=18048652
http://www.ncbi.nlm.nih.gov/pubmed/?term=Steitz%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=18048652
http://www.ncbi.nlm.nih.gov/pubmed/18048652
http://www.ncbi.nlm.nih.gov/pubmed/?term=Flynt%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=18852696
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lai%20EC%5BAuthor%5D&cauthor=true&cauthor_uid=18852696
http://www.ncbi.nlm.nih.gov/pubmed/18852696
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=15372072
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15372072
http://www.ncbi.nlm.nih.gov/pubmed/?term=Han%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15372072
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yeom%20KH%5BAuthor%5D&cauthor=true&cauthor_uid=15372072
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15372072
http://www.ncbi.nlm.nih.gov/pubmed/?term=Baek%20SH%5BAuthor%5D&cauthor=true&cauthor_uid=15372072
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20VN%5BAuthor%5D&cauthor=true&cauthor_uid=15372072
http://www.ncbi.nlm.nih.gov/pubmed/?term=Denli%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=15531879
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tops%20BB%5BAuthor%5D&cauthor=true&cauthor_uid=15531879
http://www.ncbi.nlm.nih.gov/pubmed/?term=Plasterk%20RH%5BAuthor%5D&cauthor=true&cauthor_uid=15531879
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ketting%20RF%5BAuthor%5D&cauthor=true&cauthor_uid=15531879
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hannon%20GJ%5BAuthor%5D&cauthor=true&cauthor_uid=15531879
http://www.ncbi.nlm.nih.gov/pubmed/15531879
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bohnsack%20MT%5BAuthor%5D&cauthor=true&cauthor_uid=14730017
http://www.ncbi.nlm.nih.gov/pubmed/?term=Czaplinski%20K%5BAuthor%5D&cauthor=true&cauthor_uid=14730017
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gorlich%20D%5BAuthor%5D&cauthor=true&cauthor_uid=14730017
http://www.ncbi.nlm.nih.gov/pubmed/14730017
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chendrimada%20TP%5BAuthor%5D&cauthor=true&cauthor_uid=15973356
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gregory%20RI%5BAuthor%5D&cauthor=true&cauthor_uid=15973356
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kumaraswamy%20E%5BAuthor%5D&cauthor=true&cauthor_uid=15973356
http://www.ncbi.nlm.nih.gov/pubmed/?term=Norman%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15973356
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cooch%20N%5BAuthor%5D&cauthor=true&cauthor_uid=15973356
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nishikura%20K%5BAuthor%5D&cauthor=true&cauthor_uid=15973356
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nishikura%20K%5BAuthor%5D&cauthor=true&cauthor_uid=15973356
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shiekhattar%20R%5BAuthor%5D&cauthor=true&cauthor_uid=15973356
http://www.ncbi.nlm.nih.gov/pubmed/?term=TRBP+recruits+the+dicer
http://www.mirbase.org/
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sayed%20D%5BAuthor%5D&cauthor=true&cauthor_uid=21742789
http://www.ncbi.nlm.nih.gov/pubmed/?term=Abdellatif%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21742789
http://www.ncbi.nlm.nih.gov/pubmed/21742789
http://www.ncbi.nlm.nih.gov/pubmed/21742789
http://www.ncbi.nlm.nih.gov/pubmed/?term=Munker%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21526983
http://www.ncbi.nlm.nih.gov/pubmed/?term=Calin%20GA%5BAuthor%5D&cauthor=true&cauthor_uid=21526983
http://www.ncbi.nlm.nih.gov/pubmed/21526983
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ross%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=22332090
http://www.ncbi.nlm.nih.gov/pubmed/?term=Davis%20CD%5BAuthor%5D&cauthor=true&cauthor_uid=22332090
http://www.ncbi.nlm.nih.gov/pubmed/22332090
http://www.ncbi.nlm.nih.gov/pubmed/22332090


11. Feng X, Wang Z, Fillmore R, Xi Y.  2014. MiR-200, a new star miRNA in 

human cancer. Cancer Lett. 344(2):166-73. 

12. Hilmarsdottir B, Briem E, Bergthorsson JT, Magnusson MK, Gudjonsson T. 

2014. Functional Role of the microRNA-200 Family in Breast Morphogenesis 

and Neoplasia. Genes (Basel). 5(3):804-20. 

13. Hill L, Browne G, Tulchinsky E. 2013. ZEB/miR-200 feedback loop: at the 

crossroads of signal transduction in cancer. Int J Cancer. 132(4):745-54. 

14.  Shimono Y, Zabala M, Cho RW, Lobo N, Dalerba P, Qian D, Diehn M, Liu H, 

Panula SP, Chiao E, Dirbas FM, Somlo G, Pera RA, Lao K, Clarke MF. 2009. 

Downregulation of miRNA-200c links breast cancer stem cells with normal 

stem cells. Cell. 138(3):592-603. 

15. Chi P, Allis CD, Wang GG. 2010. Covalent histone modifications--miswritten, 

misinterpreted and mis-erased in human cancers. Nat Rev Cancer. 10(7):457-69. 

16. Arrowsmith CH, Bountra C, Fish PV, Lee K, Schapira M. 2012. Epigenetic 

protein families: a new frontier for drug discovery. Nat Rev Drug Discov. 

11(5):384-400. 

17. Sparmann A, van Lohuizen M. 2006.  Polycomb silencers control cell fate, 

development and cancer. Nat Rev Cancer. 6(11):846-56. 

18. Valk-Lingbeek ME, Bruggeman SW, van Lohuizen M. 2004. Stem cells and 

cancer; the polycomb connection. Cell. 118(4):409-18. 

19. Rajasekhar VK, Begemann M. 2007. Concise review: roles of polycomb group 

proteins in development and disease: a stem cell perspective. Stem Cells. 

25(10):2498-510. 

29 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Feng%20X%5BAuthor%5D&cauthor=true&cauthor_uid=24262661
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=24262661
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fillmore%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24262661
http://www.ncbi.nlm.nih.gov/pubmed/?term=Xi%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=24262661
http://www.ncbi.nlm.nih.gov/pubmed/?term=miR-200%2C+a+new+star+miRNA+in+human+cancer
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hilmarsdottir%20B%5BAuthor%5D&cauthor=true&cauthor_uid=25216122
http://www.ncbi.nlm.nih.gov/pubmed/?term=Briem%20E%5BAuthor%5D&cauthor=true&cauthor_uid=25216122
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bergthorsson%20JT%5BAuthor%5D&cauthor=true&cauthor_uid=25216122
http://www.ncbi.nlm.nih.gov/pubmed/?term=Magnusson%20MK%5BAuthor%5D&cauthor=true&cauthor_uid=25216122
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gudjonsson%20T%5BAuthor%5D&cauthor=true&cauthor_uid=25216122
http://www.ncbi.nlm.nih.gov/pubmed/25216122
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hill%20L%5BAuthor%5D&cauthor=true&cauthor_uid=22753312
http://www.ncbi.nlm.nih.gov/pubmed/?term=Browne%20G%5BAuthor%5D&cauthor=true&cauthor_uid=22753312
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tulchinsky%20E%5BAuthor%5D&cauthor=true&cauthor_uid=22753312
http://www.ncbi.nlm.nih.gov/pubmed/22753312
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shimono%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=19665978
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zabala%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19665978
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cho%20RW%5BAuthor%5D&cauthor=true&cauthor_uid=19665978
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lobo%20N%5BAuthor%5D&cauthor=true&cauthor_uid=19665978
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dalerba%20P%5BAuthor%5D&cauthor=true&cauthor_uid=19665978
http://www.ncbi.nlm.nih.gov/pubmed/?term=Qian%20D%5BAuthor%5D&cauthor=true&cauthor_uid=19665978
http://www.ncbi.nlm.nih.gov/pubmed/?term=Diehn%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19665978
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20H%5BAuthor%5D&cauthor=true&cauthor_uid=19665978
http://www.ncbi.nlm.nih.gov/pubmed/?term=Panula%20SP%5BAuthor%5D&cauthor=true&cauthor_uid=19665978
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chiao%20E%5BAuthor%5D&cauthor=true&cauthor_uid=19665978
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dirbas%20FM%5BAuthor%5D&cauthor=true&cauthor_uid=19665978
http://www.ncbi.nlm.nih.gov/pubmed/?term=Somlo%20G%5BAuthor%5D&cauthor=true&cauthor_uid=19665978
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pera%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=19665978
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lao%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19665978
http://www.ncbi.nlm.nih.gov/pubmed/?term=Clarke%20MF%5BAuthor%5D&cauthor=true&cauthor_uid=19665978
http://www.ncbi.nlm.nih.gov/pubmed/?term=downregulation+of+miRNA-200c+links+breast
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chi%20P%5BAuthor%5D&cauthor=true&cauthor_uid=20574448
http://www.ncbi.nlm.nih.gov/pubmed/?term=Allis%20CD%5BAuthor%5D&cauthor=true&cauthor_uid=20574448
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20GG%5BAuthor%5D&cauthor=true&cauthor_uid=20574448
http://www.ncbi.nlm.nih.gov/pubmed/?term=miswritten%2C+misinterpreted+and+mis-erased
http://www.ncbi.nlm.nih.gov/pubmed/?term=Arrowsmith%20CH%5BAuthor%5D&cauthor=true&cauthor_uid=22498752
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bountra%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22498752
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fish%20PV%5BAuthor%5D&cauthor=true&cauthor_uid=22498752
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22498752
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schapira%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22498752
http://www.ncbi.nlm.nih.gov/pubmed/22498752
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sparmann%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17060944
http://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Lohuizen%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17060944
http://www.ncbi.nlm.nih.gov/pubmed/?term=polycomb+silencers+control+cell+fate%2C+development+and+cancer
http://www.ncbi.nlm.nih.gov/pubmed/?term=Valk-Lingbeek%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=15315754
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bruggeman%20SW%5BAuthor%5D&cauthor=true&cauthor_uid=15315754
http://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Lohuizen%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15315754
http://www.ncbi.nlm.nih.gov/pubmed/15315754
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rajasekhar%20VK%5BAuthor%5D&cauthor=true&cauthor_uid=17600113
http://www.ncbi.nlm.nih.gov/pubmed/?term=Begemann%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17600113
http://www.ncbi.nlm.nih.gov/pubmed/17600113


20. Haupt Y, Alexander WS, Barri G, Klinken SP, Adams JM. 1991. Novel zinc 

finger gene implicated as myc collaborator by retrovirally accelerated 

lymphomagenesis in E mu-myc transgenic mice. Cell. 65(5):753-63.  

21. van Lohuizen M, Verbeek S, Scheijen B, Wientjens E, van der Gulden H, Berns 

A. 1991. Identification of cooperating oncogenes in E mu-myc transgenic mice 

by provirus tagging. Cell. 65(5):737-52. 

22. Alkema MJ, Wiegant J, Raap AK, Berns A, van Lohuizen M. Characterization 

and chromosomal localization of the human proto-oncogene BMI-1. 1993. Hum 

Mol Genet. 2(10):1597-603. 

23. Li Z, Cao R, Wang M, Myers MP, Zhang Y, Xu RM. 2006. Structure of a Bmi-

1-Ring1B polycomb group ubiquitin ligase complex. J Biol Chem. 

281(29):20643-9. 

24. Cao R, Tsukada Y, Zhang Y. 2005. Role of Bmi-1 and Ring1A in H2A 

ubiquitylation and Hox gene silencing. Mol Cell. 20(6):845-54. 

25. Jacobs JJ, Kieboom K, Marino S, DePinho RA, van Lohuizen M. 1999. The 

oncogene and Polycomb-group gene bmi-1 regulates cell proliferation and 

senescence through the ink4a locus. Nature. 397(6715):164-8. 

26. Itahana K, Zou Y, Itahana Y, Martinez JL, Beausejour C, Jacobs JJ, Van 

Lohuizen M, Band V, Campisi J, Dimri GP. 2003. Control of the replicative life 

span of human fibroblasts by p16 and the polycomb protein Bmi-1. Mol Cell 

Biol. 23(1):389-401. 

27. Cao L, Bombard J, Cintron K, Sheedy J, Weetall ML, Davis TW. 2011a. BMI1 

as a novel target for drug discovery in cancer. J Cell Biochem. 112(10):2729-41. 

30 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Haupt%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=1904009
http://www.ncbi.nlm.nih.gov/pubmed/?term=Alexander%20WS%5BAuthor%5D&cauthor=true&cauthor_uid=1904009
http://www.ncbi.nlm.nih.gov/pubmed/?term=Barri%20G%5BAuthor%5D&cauthor=true&cauthor_uid=1904009
http://www.ncbi.nlm.nih.gov/pubmed/?term=Klinken%20SP%5BAuthor%5D&cauthor=true&cauthor_uid=1904009
http://www.ncbi.nlm.nih.gov/pubmed/?term=Adams%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=1904009
http://www.ncbi.nlm.nih.gov/pubmed/?term=Novel+zinc+finger+gene+implicated+as+myc+collaborator+by+retrovirally+accelerated+lymphomagenesis+in+E+mu-myc+transgenic+mice
http://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Lohuizen%20M%5BAuthor%5D&cauthor=true&cauthor_uid=1904008
http://www.ncbi.nlm.nih.gov/pubmed/?term=Verbeek%20S%5BAuthor%5D&cauthor=true&cauthor_uid=1904008
http://www.ncbi.nlm.nih.gov/pubmed/?term=Scheijen%20B%5BAuthor%5D&cauthor=true&cauthor_uid=1904008
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wientjens%20E%5BAuthor%5D&cauthor=true&cauthor_uid=1904008
http://www.ncbi.nlm.nih.gov/pubmed/?term=van%20der%20Gulden%20H%5BAuthor%5D&cauthor=true&cauthor_uid=1904008
http://www.ncbi.nlm.nih.gov/pubmed/?term=Berns%20A%5BAuthor%5D&cauthor=true&cauthor_uid=1904008
http://www.ncbi.nlm.nih.gov/pubmed/?term=Berns%20A%5BAuthor%5D&cauthor=true&cauthor_uid=1904008
http://www.ncbi.nlm.nih.gov/pubmed/?term=Identification+of+cooperating+oncogenes+in+E+mu-myc+transgenic+mice+by+provirus+tagging.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Alkema%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=8268912
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wiegant%20J%5BAuthor%5D&cauthor=true&cauthor_uid=8268912
http://www.ncbi.nlm.nih.gov/pubmed/?term=Raap%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=8268912
http://www.ncbi.nlm.nih.gov/pubmed/?term=Berns%20A%5BAuthor%5D&cauthor=true&cauthor_uid=8268912
http://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Lohuizen%20M%5BAuthor%5D&cauthor=true&cauthor_uid=8268912
http://www.ncbi.nlm.nih.gov/pubmed/8268912
http://www.ncbi.nlm.nih.gov/pubmed/8268912
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=16714294
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cao%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16714294
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16714294
http://www.ncbi.nlm.nih.gov/pubmed/?term=Myers%20MP%5BAuthor%5D&cauthor=true&cauthor_uid=16714294
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=16714294
http://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=16714294
http://www.ncbi.nlm.nih.gov/pubmed/?term=structure+of+a+BMI-1-Ring1B
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cao%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16359901
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tsukada%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=16359901
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=16359901
http://www.ncbi.nlm.nih.gov/pubmed/16359901
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jacobs%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=9923679
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kieboom%20K%5BAuthor%5D&cauthor=true&cauthor_uid=9923679
http://www.ncbi.nlm.nih.gov/pubmed/?term=Marino%20S%5BAuthor%5D&cauthor=true&cauthor_uid=9923679
http://www.ncbi.nlm.nih.gov/pubmed/?term=DePinho%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=9923679
http://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Lohuizen%20M%5BAuthor%5D&cauthor=true&cauthor_uid=9923679
http://www.ncbi.nlm.nih.gov/pubmed/?term=the+oncogene+and+polycomb-group+gene+BMI-1+regulates+cell+proliferation+ans+senescence
http://www.ncbi.nlm.nih.gov/pubmed/?term=Itahana%20K%5BAuthor%5D&cauthor=true&cauthor_uid=12482990
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zou%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=12482990
http://www.ncbi.nlm.nih.gov/pubmed/?term=Itahana%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=12482990
http://www.ncbi.nlm.nih.gov/pubmed/?term=Martinez%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=12482990
http://www.ncbi.nlm.nih.gov/pubmed/?term=Beausejour%20C%5BAuthor%5D&cauthor=true&cauthor_uid=12482990
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jacobs%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=12482990
http://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20Lohuizen%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12482990
http://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20Lohuizen%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12482990
http://www.ncbi.nlm.nih.gov/pubmed/?term=Band%20V%5BAuthor%5D&cauthor=true&cauthor_uid=12482990
http://www.ncbi.nlm.nih.gov/pubmed/?term=Campisi%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12482990
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dimri%20GP%5BAuthor%5D&cauthor=true&cauthor_uid=12482990
http://www.ncbi.nlm.nih.gov/pubmed/12482990
http://www.ncbi.nlm.nih.gov/pubmed/12482990
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cao%20L%5BAuthor%5D&cauthor=true&cauthor_uid=21678481
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bombard%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21678481
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cintron%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21678481
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sheedy%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21678481
http://www.ncbi.nlm.nih.gov/pubmed/?term=Weetall%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=21678481
http://www.ncbi.nlm.nih.gov/pubmed/?term=Davis%20TW%5BAuthor%5D&cauthor=true&cauthor_uid=21678481
http://www.ncbi.nlm.nih.gov/pubmed/21678481


28. Bruggeman SW, Hulsman D, Tanger E, Buckle T, Blom M, Zevenhoven J, van 

Tellingen O, van Lohuizen M. 2007. Bmi1 controls tumor development in an 

Ink4a/Arf-independent manner in a mouse model for glioma. Cancer Cell. 

12(4):328-41. 

29. Song LB, Li J, Liao WT, Feng Y, Yu CP, Hu LJ, Kong QL, Xu LH, Zhang X, 

Liu WL, Li MZ, Zhang L, Kang TB, Fu LW, Huang WL, Xia YF, Tsao SW, Li 

M, Band V, Band H, Shi QH, Zeng YX, Zeng MS. 2009. The polycomb group 

protein Bmi-1 represses the tumor suppressor PTEN and induces epithelial-

mesenchymal transition in human nasopharyngeal epithelial cells. J Clin Invest. 

119(12):3626-36. 

30. Kimura M, Takenobu H, Akita N, Nakazawa A, Ochiai H, Shimozato O, 

Fujimura Y, Koseki H, Yoshino I, Kimura H, Nakagawara A, Kamijo T. 2011. 

Bmi1 regulates cell fate via tumor suppressor WWOX repression in small-cell 

lung cancer cells. Cancer Sci. 102(5):983-90. 

31. Siddique HR, Saleem M. 2012. Role of BMI1, a stem cell factor, in cancer 

recurrence and chemoresistance: preclinical and clinical evidences. Stem Cells. 

30(3):372-8. 

32. Yang XJ, Seto E. 2007. HATs and HDACs: from structure, function and 

regulation to novel strategies for therapy and prevention. Oncogene. 

26(37):5310-8. 

33. Fraga MF, Ballestar E, Villar-Garea A, Boix-Chornet M, Espada J, Schotta G, 

Bonaldi T, Haydon C, Ropero S, Petrie K, Iyer NG, Pérez-Rosado A, Calvo E, 

Lopez JA, Cano A, Calasanz MJ, Colomer D, Piris MA, Ahn N, Imhof A, 

31 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Bruggeman%20SW%5BAuthor%5D&cauthor=true&cauthor_uid=17936558
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hulsman%20D%5BAuthor%5D&cauthor=true&cauthor_uid=17936558
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tanger%20E%5BAuthor%5D&cauthor=true&cauthor_uid=17936558
http://www.ncbi.nlm.nih.gov/pubmed/?term=Buckle%20T%5BAuthor%5D&cauthor=true&cauthor_uid=17936558
http://www.ncbi.nlm.nih.gov/pubmed/?term=Blom%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17936558
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zevenhoven%20J%5BAuthor%5D&cauthor=true&cauthor_uid=17936558
http://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Tellingen%20O%5BAuthor%5D&cauthor=true&cauthor_uid=17936558
http://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Tellingen%20O%5BAuthor%5D&cauthor=true&cauthor_uid=17936558
http://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Lohuizen%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17936558
http://www.ncbi.nlm.nih.gov/pubmed/?term=BMI1+controls+tumor+development+in+an+INK4a%2FARf
http://www.ncbi.nlm.nih.gov/pubmed/?term=Song%20LB%5BAuthor%5D&cauthor=true&cauthor_uid=19884659
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19884659
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liao%20WT%5BAuthor%5D&cauthor=true&cauthor_uid=19884659
http://www.ncbi.nlm.nih.gov/pubmed/?term=Feng%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=19884659
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yu%20CP%5BAuthor%5D&cauthor=true&cauthor_uid=19884659
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hu%20LJ%5BAuthor%5D&cauthor=true&cauthor_uid=19884659
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kong%20QL%5BAuthor%5D&cauthor=true&cauthor_uid=19884659
http://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20LH%5BAuthor%5D&cauthor=true&cauthor_uid=19884659
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20X%5BAuthor%5D&cauthor=true&cauthor_uid=19884659
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20WL%5BAuthor%5D&cauthor=true&cauthor_uid=19884659
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20MZ%5BAuthor%5D&cauthor=true&cauthor_uid=19884659
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20L%5BAuthor%5D&cauthor=true&cauthor_uid=19884659
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kang%20TB%5BAuthor%5D&cauthor=true&cauthor_uid=19884659
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fu%20LW%5BAuthor%5D&cauthor=true&cauthor_uid=19884659
http://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20WL%5BAuthor%5D&cauthor=true&cauthor_uid=19884659
http://www.ncbi.nlm.nih.gov/pubmed/?term=Xia%20YF%5BAuthor%5D&cauthor=true&cauthor_uid=19884659
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tsao%20SW%5BAuthor%5D&cauthor=true&cauthor_uid=19884659
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19884659
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19884659
http://www.ncbi.nlm.nih.gov/pubmed/?term=Band%20V%5BAuthor%5D&cauthor=true&cauthor_uid=19884659
http://www.ncbi.nlm.nih.gov/pubmed/?term=Band%20H%5BAuthor%5D&cauthor=true&cauthor_uid=19884659
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shi%20QH%5BAuthor%5D&cauthor=true&cauthor_uid=19884659
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zeng%20YX%5BAuthor%5D&cauthor=true&cauthor_uid=19884659
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zeng%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=19884659
http://www.ncbi.nlm.nih.gov/pubmed/19884659
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kimura%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21276135
http://www.ncbi.nlm.nih.gov/pubmed/?term=Takenobu%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21276135
http://www.ncbi.nlm.nih.gov/pubmed/?term=Akita%20N%5BAuthor%5D&cauthor=true&cauthor_uid=21276135
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nakazawa%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21276135
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ochiai%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21276135
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shimozato%20O%5BAuthor%5D&cauthor=true&cauthor_uid=21276135
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fujimura%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=21276135
http://www.ncbi.nlm.nih.gov/pubmed/?term=Koseki%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21276135
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yoshino%20I%5BAuthor%5D&cauthor=true&cauthor_uid=21276135
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kimura%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21276135
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nakagawara%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21276135
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kamijo%20T%5BAuthor%5D&cauthor=true&cauthor_uid=21276135
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bmi1+regulates+cell+fate+via+tumor+suppressor+WWOX
http://www.ncbi.nlm.nih.gov/pubmed/?term=Siddique%20HR%5BAuthor%5D&cauthor=true&cauthor_uid=22252887
http://www.ncbi.nlm.nih.gov/pubmed/?term=Saleem%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22252887
http://www.ncbi.nlm.nih.gov/pubmed/?term=concise+review%3A+role+of+BMI1%2C+a+stem+cell+factor%2C+in+cancer++recurrence
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20XJ%5BAuthor%5D&cauthor=true&cauthor_uid=17694074
http://www.ncbi.nlm.nih.gov/pubmed/?term=Seto%20E%5BAuthor%5D&cauthor=true&cauthor_uid=17694074
http://www.ncbi.nlm.nih.gov/pubmed/?term=HATs+and+HDACs%3A+from+structure%2C+function+and+regulation+to+novel+strategies+for+therapy+and+prevention
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fraga%20MF%5BAuthor%5D&cauthor=true&cauthor_uid=15765097
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ballestar%20E%5BAuthor%5D&cauthor=true&cauthor_uid=15765097
http://www.ncbi.nlm.nih.gov/pubmed/?term=Villar-Garea%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15765097
http://www.ncbi.nlm.nih.gov/pubmed/?term=Boix-Chornet%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15765097
http://www.ncbi.nlm.nih.gov/pubmed/?term=Espada%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15765097
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schotta%20G%5BAuthor%5D&cauthor=true&cauthor_uid=15765097
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bonaldi%20T%5BAuthor%5D&cauthor=true&cauthor_uid=15765097
http://www.ncbi.nlm.nih.gov/pubmed/?term=Haydon%20C%5BAuthor%5D&cauthor=true&cauthor_uid=15765097
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ropero%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15765097
http://www.ncbi.nlm.nih.gov/pubmed/?term=Petrie%20K%5BAuthor%5D&cauthor=true&cauthor_uid=15765097
http://www.ncbi.nlm.nih.gov/pubmed/?term=Iyer%20NG%5BAuthor%5D&cauthor=true&cauthor_uid=15765097
http://www.ncbi.nlm.nih.gov/pubmed/?term=P%C3%A9rez-Rosado%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15765097
http://www.ncbi.nlm.nih.gov/pubmed/?term=Calvo%20E%5BAuthor%5D&cauthor=true&cauthor_uid=15765097
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lopez%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=15765097
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cano%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15765097
http://www.ncbi.nlm.nih.gov/pubmed/?term=Calasanz%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=15765097
http://www.ncbi.nlm.nih.gov/pubmed/?term=Colomer%20D%5BAuthor%5D&cauthor=true&cauthor_uid=15765097
http://www.ncbi.nlm.nih.gov/pubmed/?term=Piris%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=15765097
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ahn%20N%5BAuthor%5D&cauthor=true&cauthor_uid=15765097
http://www.ncbi.nlm.nih.gov/pubmed/?term=Imhof%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15765097


Caldas C, Jenuwein T, Esteller M. 2005. Loss of acetylation at Lys16 and 

trimethylation at Lys20 of histone H4 is a common hallmark of human cancer. 

Nat Genet. 37(4):391-400. 

34. Ropero S, Esteller M. 2007. The role of histone deacetylases (HDACs) in 

human cancer. Mol Oncol. 1(1):19-25. 

35. Gray SG, Qian CN, Furge K, Guo X, Teh BT. 2004. Microarray profiling of the 

effects of histone deacetylase inhibitors on gene expression in cancer cell lines. 

Int J Oncol. 24(4):773-95. 

36. Bommi PV, Dimri M, Sahasrabuddhe AA, Khandekar J, Dimri GP. 2010. The 

polycomb group protein BMI1 is a transcriptional target of HDAC inhibitors. 

Cell Cycle. 9(13):2663-73. 

37. Dimri M, Carroll JD, Cho JH, Dimri GP. 2013. microRNA-141 regulates BMI1 

expression and induces senescence in human diploid fibroblasts. Cell Cycle. 

12(22):3537-46. 

38. Graham FL, van der Eb AJ. 1973. A new technique for the assay of infectivity 

of human adenovirus 5 DNA. Virology. 52(2):456-67. 

39. Dimri GP, Itahana K, Acosta M, Campisi J. 2000. Regulation of a senescence 

checkpoint response by the E2F1 transcription factor and p14(ARF) tumor 

suppressor. Mol Cell Biol. 20(1):273-85. 

40. Stoscheck CM. 1990. Quantitation of protein. Methods Enzymol. 182:50-68. 

41. Desbarats L, Gaubatz S, Eilers M. 1996. Discrimination between different E-

box-binding proteins at an endogenous target gene of c-myc. Genes Dev. 

10(4):447-60. 

32 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Caldas%20C%5BAuthor%5D&cauthor=true&cauthor_uid=15765097
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jenuwein%20T%5BAuthor%5D&cauthor=true&cauthor_uid=15765097
http://www.ncbi.nlm.nih.gov/pubmed/?term=Esteller%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15765097
http://www.ncbi.nlm.nih.gov/pubmed/?term=Loss+of+acetylation+at+Lys16+and+trimethylation+at+Lys20+of+histone+H4+is+a+common+hallmark+of+human+cancer.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ropero%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19383284
http://www.ncbi.nlm.nih.gov/pubmed/?term=Esteller%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19383284
http://www.ncbi.nlm.nih.gov/pubmed/19383284
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gray%20SG%5BAuthor%5D&cauthor=true&cauthor_uid=15010814
http://www.ncbi.nlm.nih.gov/pubmed/?term=Qian%20CN%5BAuthor%5D&cauthor=true&cauthor_uid=15010814
http://www.ncbi.nlm.nih.gov/pubmed/?term=Furge%20K%5BAuthor%5D&cauthor=true&cauthor_uid=15010814
http://www.ncbi.nlm.nih.gov/pubmed/?term=Guo%20X%5BAuthor%5D&cauthor=true&cauthor_uid=15010814
http://www.ncbi.nlm.nih.gov/pubmed/?term=Teh%20BT%5BAuthor%5D&cauthor=true&cauthor_uid=15010814
http://www.ncbi.nlm.nih.gov/pubmed/15010814
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bommi%20PV%5BAuthor%5D&cauthor=true&cauthor_uid=20543557
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dimri%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20543557
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sahasrabuddhe%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=20543557
http://www.ncbi.nlm.nih.gov/pubmed/?term=Khandekar%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20543557
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dimri%20GP%5BAuthor%5D&cauthor=true&cauthor_uid=20543557
http://www.ncbi.nlm.nih.gov/pubmed/20543557
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dimri%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24091627
http://www.ncbi.nlm.nih.gov/pubmed/?term=Carroll%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=24091627
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cho%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=24091627
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dimri%20GP%5BAuthor%5D&cauthor=true&cauthor_uid=24091627
http://www.ncbi.nlm.nih.gov/pubmed/?term=microRNA-141+BMi1
http://www.ncbi.nlm.nih.gov/pubmed/?term=Graham%20FL%5BAuthor%5D&cauthor=true&cauthor_uid=4705382
http://www.ncbi.nlm.nih.gov/pubmed/?term=van%20der%20Eb%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=4705382
http://www.ncbi.nlm.nih.gov/pubmed/4705382
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dimri%20GP%5BAuthor%5D&cauthor=true&cauthor_uid=10594030
http://www.ncbi.nlm.nih.gov/pubmed/?term=Itahana%20K%5BAuthor%5D&cauthor=true&cauthor_uid=10594030
http://www.ncbi.nlm.nih.gov/pubmed/?term=Acosta%20M%5BAuthor%5D&cauthor=true&cauthor_uid=10594030
http://www.ncbi.nlm.nih.gov/pubmed/?term=Campisi%20J%5BAuthor%5D&cauthor=true&cauthor_uid=10594030
http://www.ncbi.nlm.nih.gov/pubmed/10594030/
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stoscheck%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=2314256
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stoscheck%2C+CM.+Quantitation+of+Protein.+Methods+in+Enzymology+182%3A+50-69+%281990%29.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Desbarats%20L%5BAuthor%5D&cauthor=true&cauthor_uid=8600028
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gaubatz%20S%5BAuthor%5D&cauthor=true&cauthor_uid=8600028
http://www.ncbi.nlm.nih.gov/pubmed/?term=Eilers%20M%5BAuthor%5D&cauthor=true&cauthor_uid=8600028
http://www.ncbi.nlm.nih.gov/pubmed/8600028


42. Shklover J, Etzioni S, Weisman-Shomer P, Yafe A, Bengal E, Fry M. 2007. 

MyoD uses overlapping but distinct elements to bind E-box and tetraplex 

structures of regulatory sequences of muscle-specific genes. Nucleic Acids Res. 

35(21):7087-95.  

43. Burk U, Schubert J, Wellner U, Schmalhofer O, Vincan E, Spaderna S, Brabletz 

T. 2008. A reciprocal repression between ZEB1 and members of the miR-200 

family promotes EMT and invasion in cancer cells. EMBO Rep. 29(6):582-9.  

44. Spaderna S, Schmalhofer O, Hlubek F, Berx G, Eger A, Merkel S, Jung A, 

Kirchner T, Brabletz T. 2006. A transient, EMT-linked loss of basement 

membranes indicates metastasis and poor survival in colorectal cancer. 

Gastroenterology. 131(3):830-40. 

45. West AC, Johnstone RW. 2014. New and emerging HDAC inhibitors for cancer 

treatment. J Clin Invest. 124(1):30-9.  

46. Cao Q, Mani RS, Ateeq B, Dhanasekaran SM, Asangani IA, Prensner JR, Kim 

JH, Brenner JC, Jing X, Cao X, Wang R, Li Y, Dahiya A, Wang L, Pandhi M, 

Lonigro RJ, Wu YM, Tomlins SA, Palanisamy N, Qin Z, Yu J, Maher CA, 

Varambally S, Chinnaiyan AM. 2011b. Coordinated regulation of polycomb 

group complexes through microRNAs in cancer. Cancer Cell. 20(2):187-99. 

47. Wang GG, Konze KD, Tao J. 2015. Polycomb genes, miRNA, and their 

deregulation in B-cell malignancies. Blood. 125(8):1217-25. 

33 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Shklover%20J%5BAuthor%5D&cauthor=true&cauthor_uid=17942416
http://www.ncbi.nlm.nih.gov/pubmed/?term=Etzioni%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17942416
http://www.ncbi.nlm.nih.gov/pubmed/?term=Weisman-Shomer%20P%5BAuthor%5D&cauthor=true&cauthor_uid=17942416
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yafe%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17942416
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bengal%20E%5BAuthor%5D&cauthor=true&cauthor_uid=17942416
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fry%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17942416
http://www.ncbi.nlm.nih.gov/pubmed/17942416
http://www.ncbi.nlm.nih.gov/pubmed/?term=Burk%20U%5BAuthor%5D&cauthor=true&cauthor_uid=18483486
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schubert%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18483486
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wellner%20U%5BAuthor%5D&cauthor=true&cauthor_uid=18483486
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schmalhofer%20O%5BAuthor%5D&cauthor=true&cauthor_uid=18483486
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vincan%20E%5BAuthor%5D&cauthor=true&cauthor_uid=18483486
http://www.ncbi.nlm.nih.gov/pubmed/?term=Spaderna%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18483486
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brabletz%20T%5BAuthor%5D&cauthor=true&cauthor_uid=18483486
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brabletz%20T%5BAuthor%5D&cauthor=true&cauthor_uid=18483486
http://www.ncbi.nlm.nih.gov/pubmed/?term=A+reciprocal%20repression%20between%20ZEB1%20and%20members%20of%20the%20miR-200%20family%20promotes%20EMT%20and%20invasion%20in%20cancer%20cells
http://www.ncbi.nlm.nih.gov/pubmed/?term=Spaderna%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16952552
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schmalhofer%20O%5BAuthor%5D&cauthor=true&cauthor_uid=16952552
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hlubek%20F%5BAuthor%5D&cauthor=true&cauthor_uid=16952552
http://www.ncbi.nlm.nih.gov/pubmed/?term=Berx%20G%5BAuthor%5D&cauthor=true&cauthor_uid=16952552
http://www.ncbi.nlm.nih.gov/pubmed/?term=Eger%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16952552
http://www.ncbi.nlm.nih.gov/pubmed/?term=Merkel%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16952552
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jung%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16952552
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kirchner%20T%5BAuthor%5D&cauthor=true&cauthor_uid=16952552
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brabletz%20T%5BAuthor%5D&cauthor=true&cauthor_uid=16952552
http://www.ncbi.nlm.nih.gov/pubmed/?term=A+transient%2C+EMT-linked+loss+of+basement+membranes+indicates+metastasis+and+poor+survival+in+colorectal+cancer.
http://www.ncbi.nlm.nih.gov/pubmed/?term=West%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=24382387
http://www.ncbi.nlm.nih.gov/pubmed/?term=Johnstone%20RW%5BAuthor%5D&cauthor=true&cauthor_uid=24382387
http://www.ncbi.nlm.nih.gov/pubmed/24382387
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cao%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=21840484
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mani%20RS%5BAuthor%5D&cauthor=true&cauthor_uid=21840484
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ateeq%20B%5BAuthor%5D&cauthor=true&cauthor_uid=21840484
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dhanasekaran%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=21840484
http://www.ncbi.nlm.nih.gov/pubmed/?term=Asangani%20IA%5BAuthor%5D&cauthor=true&cauthor_uid=21840484
http://www.ncbi.nlm.nih.gov/pubmed/?term=Prensner%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=21840484
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=21840484
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=21840484
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brenner%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=21840484
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jing%20X%5BAuthor%5D&cauthor=true&cauthor_uid=21840484
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cao%20X%5BAuthor%5D&cauthor=true&cauthor_uid=21840484
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21840484
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=21840484
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dahiya%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21840484
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20L%5BAuthor%5D&cauthor=true&cauthor_uid=21840484
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pandhi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21840484
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lonigro%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=21840484
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20YM%5BAuthor%5D&cauthor=true&cauthor_uid=21840484
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tomlins%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=21840484
http://www.ncbi.nlm.nih.gov/pubmed/?term=Palanisamy%20N%5BAuthor%5D&cauthor=true&cauthor_uid=21840484
http://www.ncbi.nlm.nih.gov/pubmed/?term=Qin%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=21840484
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yu%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21840484
http://www.ncbi.nlm.nih.gov/pubmed/?term=Maher%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=21840484
http://www.ncbi.nlm.nih.gov/pubmed/?term=Varambally%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21840484
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chinnaiyan%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=21840484
http://www.ncbi.nlm.nih.gov/pubmed/21840484
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20GG%5BAuthor%5D&cauthor=true&cauthor_uid=25568352
http://www.ncbi.nlm.nih.gov/pubmed/?term=Konze%20KD%5BAuthor%5D&cauthor=true&cauthor_uid=25568352
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tao%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25568352
http://www.ncbi.nlm.nih.gov/pubmed/?term=polycomb+genes%2C+miRNA%2C+and+their+deregulation+in+B-cell+malignancies

	MicroRNAs (miRNAs) are 18-24 nucleotide-long non-coding RNAs that interact with 3’ untranslated regions (UTRs) of target mRNAs, resulting in altered gene expression post-transcriptionally (Vasudevan et al., 2007; Flynt et al., 2008). The miRNAs are t...
	Currently, more than 1000 human miRNA sequences have been identified (miRbase, 2014), and it has been speculated that miRNAs could regulate ~ 60% of the genes present in the human genome. The miRNAs are involved in many physiological and pathological ...
	Promoter-reporter Assay: To measure miR-200c/141 promoter activity in response to different level of BMI1, 500ng of WT and the 4 different mutant reporter constructs (M1, M2, M3 and M4) were co-transfected with pcDNA, pcDNA-HA-BMI1, pRS or pRS-shBMI1 ...
	1. Vasudevan S, Tong Y, Steitz JA. 2007. Switching from repression to activation: microRNAs can up-regulate translation. Science. 318(5858):1931-4.
	2. Flynt AS, Lai EC. 2008. Biological principles of microRNA-mediated regulation: shared themes amid diversity. Nat Rev Genet. 9(11):831-42.
	3. Lee Y, Kim M, Han J, Yeom KH, Lee S, Baek SH, Kim VN. 2004. MicroRNA genes are transcribed by RNA polymerase II. EMBO J. 23(20): 4051–4060.
	4. Denli AM, Tops BB, Plasterk RH, Ketting RF, Hannon GJ. 2004. Processing of primary microRNAs by the Microprocessor complex. Nature. 432(7014):231-5.
	5. Bohnsack MT, Czaplinski K, Gorlich D. 2004. Exportin 5 is a RanGTP-dependent dsRNA-binding protein that mediates nuclear export of pre-miRNAs. RNA. 10(2):185-91.
	6. Chendrimada TP, Gregory RI, Kumaraswamy E, Norman J, Cooch N, Nishikura K, Shiekhattar R. 2005. TRBP recruits the Dicer complex to Ago2 for microRNA processing and gene silencing. Nature. 436(7051):740-4.
	7. miRBase: the microRNA database. Release 21; June 2014 [cited 2015 Mar 13]. Available from: http://www.mirbase.org.
	8. Sayed D, Abdellatif M. 2011. MicroRNAs in development and disease. Physiol Rev. 91(3):827-87.
	9. Munker R, Calin GA. 2011. MicroRNA profiling in cancer. Clin Sci (Lond). 121(4):141-58.
	10. Ross SA, Davis CD. 2011. MicroRNA, nutrition, and cancer prevention. Adv Nutr. 2(6):472-85.
	11. Feng X, Wang Z, Fillmore R, Xi Y.  2014. MiR-200, a new star miRNA in human cancer. Cancer Lett. 344(2):166-73.
	12. Hilmarsdottir B, Briem E, Bergthorsson JT, Magnusson MK, Gudjonsson T. 2014. Functional Role of the microRNA-200 Family in Breast Morphogenesis and Neoplasia. Genes (Basel). 5(3):804-20.
	13. Hill L, Browne G, Tulchinsky E. 2013. ZEB/miR-200 feedback loop: at the crossroads of signal transduction in cancer. Int J Cancer. 132(4):745-54.
	14.  Shimono Y, Zabala M, Cho RW, Lobo N, Dalerba P, Qian D, Diehn M, Liu H, Panula SP, Chiao E, Dirbas FM, Somlo G
	15. Chi P, Allis CD, Wang GG. 2010. Covalent histone modifications--miswritten, misinterpreted and mis-erased in human cancers. Nat Rev Cancer. 10(7):457-69.
	16. Arrowsmith CH, Bountra C, Fish PV, Lee K, Schapira M. 2012. Epigenetic protein families: a new frontier for drug discovery. Nat Rev Drug Discov. 11(5):384-400.
	17. Sparmann A, van Lohuizen M. 2006.  Polycomb silencers control cell fate, development and cancer. Nat Rev Cancer. 6(11):846-56.
	18. Valk-Lingbeek ME, Bruggeman SW, van Lohuizen M. 2004. Stem cells and cancer; the polycomb connection. Cell. 118(4):409-18.
	19. Rajasekhar VK, Begemann M. 2007. Concise review: roles of polycomb group proteins in development and disease: a stem cell perspective. Stem Cells. 25(10):2498-510.
	20. Haupt Y, Alexander WS, Barri G, Klinken SP, Adams JM. 1991. Novel zinc finger gene implicated as myc collaborator by retrovirally accelerated lymphomagenesis in E mu-myc transgenic mice. Cell. 65(5):753-63.
	21. van Lohuizen M, Verbeek S, Scheijen B, Wientjens E, van der Gulden H, Berns A. 1991. Identification of cooperating oncogenes in E mu-myc transgenic mice by provirus tagging. Cell. 65(5):737-52.
	22. Alkema MJ, Wiegant J, Raap AK, Berns A, van Lohuizen M. Characterization and chromosomal localization of the human proto-oncogene BMI-1. 1993. Hum Mol Genet. 2(10):1597-603.
	23. Li Z, Cao R, Wang M, Myers MP, Zhang Y, Xu RM. 2006. Structure of a Bmi-1-Ring1B polycomb group ubiquitin ligase complex. J Biol Chem. 281(29):20643-9.
	24. Cao R, Tsukada Y, Zhang Y. 2005. Role of Bmi-1 and Ring1A in H2A ubiquitylation and Hox gene silencing. Mol Cell. 20(6):845-54.
	25. Jacobs JJ, Kieboom K, Marino S, DePinho RA, van Lohuizen M. 1999. The oncogene and Polycomb-group gene bmi-1 regulates cell proliferation and senescence through the ink4a locus. Nature. 397(6715):164-8.
	26. Itahana K, Zou Y, Itahana Y, Martinez JL, Beausejour C, Jacobs JJ, Van Lohuizen M, Band V, Campisi J, Dimri GP. 2003. Control of the replicative life span of human fibroblasts by p16 and the polycomb protein Bmi-1. Mol Cell Biol. 23(1):389-401.
	27. Cao L, Bombard J, Cintron K, Sheedy J, Weetall ML, Davis TW. 2011a. BMI1 as a novel target for drug discovery in cancer. J Cell Biochem. 112(10):2729-41.
	28. Bruggeman SW, Hulsman D, Tanger E, Buckle T, Blom M, Zevenhoven J, van Tellingen O, van Lohuizen M. 2007. Bmi1 controls tumor development in an Ink4a/Arf-independent manner in a mouse model for glioma. Cancer Cell. 12(4):328-41.
	29. Song LB, Li J, Liao WT, Feng Y, Yu CP, Hu LJ, Kong QL, Xu LH, Zhang X, Liu WL, Li MZ, Zhang L,
	30. Kimura M, Takenobu H, Akita N, Nakazawa A, Ochiai H, Shimozato O, Fujimura Y, Koseki H, Yoshino I, Kimura H, Nakagawara A, Kamijo T. 2011. Bmi1 regulates cell fate via tumor suppressor WWOX repression in small-cell lung cancer cells.
	31. Siddique HR, Saleem M. 2012. Role of BMI1, a stem cell factor, in cancer recurrence and chemoresistance: preclinical and clinical evidences. Stem Cells. 30(3):372-8.
	32. Yang XJ, Seto E. 2007. HATs and HDACs: from structure, function and regulation to novel strategies for therapy and prevention. Oncogene. 26(37):5310-8.
	33. Fraga MF, Ballestar E, Villar-Garea A, Boix-Chornet M, Espada J, Schotta G, Bonaldi T, Haydon C, Ropero S, Petrie K, Iyer NG, Pérez-Rosado A,
	34. Ropero S, Esteller M. 2007. The role of histone deacetylases (HDACs) in human cancer. Mol Oncol. 1(1):19-25.
	35. Gray SG, Qian CN, Furge K, Guo X, Teh BT. 2004. Microarray profiling of the effects of histone deacetylase inhibitors on gene expression in cancer cell lines. Int J Oncol. 24(4):773-95.
	36. Bommi PV, Dimri M, Sahasrabuddhe AA, Khandekar J, Dimri GP. 2010. The polycomb group protein BMI1 is a transcriptional target of HDAC inhibitors. Cell Cycle. 9(13):2663-73.
	37. Dimri M, Carroll JD, Cho JH, Dimri GP. 2013. microRNA-141 regulates BMI1 expression and induces senescence in human diploid fibroblasts. Cell Cycle. 12(22):3537-46.
	38. Graham FL, van der Eb AJ. 1973. A new technique for the assay of infectivity of human adenovirus 5 DNA. Virology. 52(2):456-67.
	39. Dimri GP, Itahana K, Acosta M, Campisi J. 2000. Regulation of a senescence checkpoint response by the E2F1 transcription factor and p14(ARF) tumor suppressor. Mol Cell Biol. 20(1):273-85.
	40. Stoscheck CM. 1990. Quantitation of protein. Methods Enzymol. 182:50-68.
	41. Desbarats L, Gaubatz S, Eilers M. 1996. Discrimination between different E-box-binding proteins at an endogenous target gene of c-myc. Genes Dev. 10(4):447-60.
	42. Shklover J, Etzioni S, Weisman-Shomer P, Yafe A, Bengal E, Fry M. 2007. MyoD uses overlapping but distinct elements to bind E-box and tetraplex structures of regulatory sequences of muscle-specific genes. Nucleic Acids Res. 35(21):7087-95.
	43. Burk U, Schubert J, Wellner U, Schmalhofer O, Vincan E, Spaderna S, Brabletz T. 2008. A reciprocal repression between ZEB1 and members of the miR-200 family promotes EMT and invasion in cancer cells. EMBO Rep. 29(6):582-9.
	44. Spaderna S, Schmalhofer O, Hlubek F, Berx G, Eger A, Merkel S, Jung A, Kirchner T, Brabletz T. 2006. A transient, EMT-linked loss of basement membranes indicates metastasis and poor survival in colorectal cancer. Gastroenterology. 131(3):830-40.
	45. West AC, Johnstone RW. 2014. New and emerging HDAC inhibitors for cancer treatment. J Clin Invest. 124(1):30-9.
	46. Cao Q, Mani RS, Ateeq B, Dhanasekaran SM, Asangani IA, Prensner JR, Kim JH, Brenner JC, Jing X, Cao X, Wang R, Li Y,
	47. Wang GG, Konze KD, Tao J. 2015. Polycomb genes, miRNA, and their deregulation in B-cell malignancies. Blood. 125(8):1217-25.

