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Abstract

Prostate cancer (CaP) is considered as a vexing challenge for clinical management because of its resistance to the
conventional therapies, resulting in most deaths from this disease. The current treatment options including castration
shows minimal effect, as most of the patients develop resistance and relapse of more aggressive Castration Resistant
Prostate Cancer (CRPC). BMI1 (B cell-specific Moloney murine leukemia virus integration site 1), an oncogenic
member of the polycomb group gene family and a transcriptional repressor has emerged as a key regulator in numerous
processes including proliferation, differentiation, senescence, and stem cell renewal. Accumulating evidences have
also revealed a relationship between BMI1 expression and the clinical grade/stage, therapy response, and survival
outcome in most human malignancies, including Prostate cancer. Therefore, in this review, we provide the significant
evidences suggesting the potential of BMI1 as a therapeutic target in the management of prostate cancer.
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Introduction

Prostate cancer (CaP) is the most common cancer worldwide and
leading cause of cancer death in men in the United States [1]. CaP
after metastasis become highly resistant to the conventional therapies.
The conventional therapy options including castration, especially in
the advance metastatic disease, do not have an appreciable effect, as
the patients display characteristic progression to aggressive Castration
Resistant Prostate Cancer [CRPC] [2,3]. The cytotoxic chemotherapy
for CRPC patients marginally extend the median survival by 2.9 months
[4,5]. There is an evidence suggesting that only 25% of patients with
metastasis live 5 years subsequent to the initial diagnosis of metastasis.
Given this scenario, there is an ample need to understand better the
etiology of this fatal disease, to develop more sensitive diagnostic means,
and to identify potential therapeutic targets.

There is an increasing evidence that the polycomb group
transcriptional repressor BMI1 (B cell-specific Moloney murine
leukemia virus integration site 1), plays a pivotal role in stem cell self-
renewal and cancer development [6]. BMI1 belongs to the family of PcG
proteins. PcG proteins are multimeric complexes involved in mediating
histone modifications of explicit set of genes during cell development
[7]. The BMI1 gene in humans is localized on the short arm of
chromosome 10 (10p11.23), and the encoded protein is ubiquitously
expressed in almost all tissues, with high expression levels in the brain,
esophagus, salivary gland, thymus, kidney, lungs, gonads, placenta,
blood, and bone marrow [8]. Several reports have documented that
the BMI1 plays a crucial role in numerous cellular processes including
cell proliferation, immortalization, and senescence [9]. The expression
of BMII has been found to be upregulated in various human cancers,
including, liver, head and neck, nasopharyngeal, prostate, colorectal,
breast, endometrial, cervical, and ovarian cancers. Furthermore, a
substantial correlation of abnormal BMI1 expression with the clinical
grade/stage of the disease has been seen, signifying the promising
potential for BMI1 to be a therapeutic target and prognostic marker
of numerous cancers [7,10-18]. In the current review, we attempt to
discuss the recent advancements in understanding the function and role
of BMII in promoting tumorigenesis. We focus on the involvement of

BMI1 in the prostate cancer development, and the associated advances
in clinical application.

BMI1; Structure and Function

BMI1, first identified in B cell lymphoma, is located on chromosome
10 [10p11.23]. The gene encodes a 37 kDa protein comprising of 326
amino acids. Structurally, the BMI1 protein is characterized by three
primary functional regions: a central Helix-Turn-Helix (HTH) domain,
a conserved RING finger domain at the N-terminal end, and a carboxyl-
terminal PEST-like domain [9,19-20]. Besides the main three notable
functional regions, the BMII protein also comprises of two nuclear
localization signals (NLS): NLS1 and NLS2. Of these two, only NLS2
appears to be functional in nuclear localization of BMI1 [21].

BMI1 plays a key role in numerous cellular processes including
differentiation, senescence, proliferation, and contributes to embryonic
and stem cell self-renewal programs [22]. Various important polycomb
repressive complex 1 target genes including Homeobox (HOX) genes
and p16INK4a have been found to have certain interactive promoters
elements, which can directly bind to BMI1 [16]. BMII controls the
progression of cell cycle by regulating the important tumor suppressor
proteins like p16INK4a and pl4ARF, and promotes cell proliferation
by suppressing the pl6INK4a/retinoblastoma and/or the pl14ARF/
MDM2/p53 pathways [23]. Initially, it was also shown that BMI1 is
involved in cerebral development by regulating the hematopoiesis and
differentiation of lymphocytes. BMI1 plays a pivotal role in maintaining
the tissue homeostasis by regulating the self-renewal of neural, prostate,
hematopoietic, intestinal, lung bronchioalveolar, and epithelial stem
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cells [9,24-26]. Several reports have documented that the BMII
protein inhibits the senescence and immortalize cells by maintaining
the telomerase activity in adult stem cells [15]. Moreover, BMII is
involved in protecting the DNA against oxidative DNA damage, and
has been a key component of DNA Damage Repair (DDR) machinery,
as it is actively involved in recruiting the DDR machinery to DNA
Double Strand-Break (DSB) in response to damaging radiations [27].
Experimental evidence has also revealed that BMII is involved in
inducing the Epithelial Mesenchymal Transition (EMT) by targeting the
tumor suppressor PTEN [28].

BMI1; Tumorigenicity and Cancer Stem Cells

Several recent studies have suggested that BMI1 act as an oncogene,
and its overexpression often promotes the tumorigenesis including
breast, prostate, pancreas, lung, head and neck, urinary bladder,
lymphoma, medulloblastoma, glioma, acute myeloid leukemia and
ovarian cancer [29] as shown in Table 1.

Cancer Stem Cells (CSCs) are a stem cell-resembling population of
cancer cells found in the mixture of cells constituting a tumor, which
possesses the capacity of self-renewal and differentiation potential [30].
Apart from initiating the local tumor formation, the CSCs are also
known to be involved in generating distant metastases [31]. Moreover,
accumulating evidences have demonstrated that CSCs at various tumor
sites, are spared by conventional cancer therapies, which typically target
the tumor cells, leading to the relapse of tumor [7,9,12, 32]. The paucity
of knowledge about how the CSCs escape the traditional cancer therapy
remains a stumbling block in management of various cancer diseases.

The advancements in the genetic and epigenetic profiling studies
have enabled researchers to [i] unravel the molecular characteristics of
human tumors in patients with early stage carcinoma of various origins,
[ii] understand the mechanism of metastatic behavior and relapse of
tumors post cancer therapy [29]. The activation of different molecules
including BMI1 has been reported to be associated with CSCs induced
cancer relapse [10,33]. Growing studies have shown the important
function of BMI1 as a biomarker of CSCs [34]. The varied human
malignancies have been attributed to the oncogenic activation of BMI1
[8-17,35-36]. Furthermore, various recent studies have revealed the
functional relationship of BMI1 with the relevant pathways involved in
regulating both stem and cancer cells.

BMI1, being a transcriptional repressor and PcG protein, plays an
important role in maintaining and regulating self- renewal of adult
stem cells. In some cancers, the dysregulation of BMII signalling
has been linked to the activation of hedgehog pathway [37]. BMI1
regulates multiple pathways, most prominent of which is the induction
of telomerase, leading to cell immortalization, such as in mammary
epithelial cells [6]. BMII is also known to be involved in neoplastic
transformation of lymphocytes in cooperation with H-Ras during breast
carcinogenesis. In addition, BMI1 coupled estrogen receptor a activity

Type of Cancer BMI1 status Reference Number
Prostate cancer Overexpression [29]
Pancreatic cancer Overexpression [29]
Squamous cell carcinoma Overexpression [29]
Ovarian cancer Overexpression [29]
Glioma Overexpression [29]
Breast cancer Overexpression [29]
Lung cancer Overexpression [29]

Table 1: Published literature showing correlation of BMI1 overexpression with
different cancer types assessed in in vitro and in vivo models.

has been reported to regulate pl6INK4a and cyclin D1 status, and
associate with type and behavior of tumor in breast cancer [14]. Song et al.
has shown that the overexpression of BMI1 in nasopharyngeal epithelial
cells specifically target the pRb signalling pathway by downregulation
of p16INK4a, resulting in cell immortalization [10]. Studies have also
demonstrated that the high expression of BMI11 promotes prostate
tumorigenesis by inhibiting p16INK4A and p14ARF expression, which
ultimately leads to abnormal cell proliferation as shown in Figure 1 [38].
Besides the telomerase activation, a normal DNA damage response
was sustained by the BMII-immortalized nasopharyngeal epithelial
cells [12]. Accumulating evidence has revealed that inhibition of BMI1
could facilitate efficacy to cisplatin based therapy by inducing apoptosis
through the activation of DNA damaging response [6]. Song et al. has
shown that Epithelial Mesenchymal Transition (EMT) is associated to
upregulation of BMI, which enhances the motility and invasiveness of
human nasopharyngeal epithelial cells, while as suppressing endogenous
BMI1 expression reversed EMT and reduces motility [28].

BMI1 and Prostate Cancer

CaP is heterogenous disease, which ranges from indolent
localized tumors to aggressive metastatic diseases [39]. The common
treatment options available for metastatic CaP are traditional cytotoxic
chemotherapies, which includes castration. However, these therapies
do not significantly prolong the survival of patients and majority of the
patients exhibit local or distant recurrence of hard-to-treat Castration-
Resistant Prostate Cancer [ CRPC]. Despite chemotherapy, CRPC patients
display characteristic progression and acquire chemoresistant disease
[40]. The paucity of knowledge about the molecular mechanism involved
in the development of chemoresistance is a major stumbling block in
the management of CaP. Therefore, the identification and targeting
certain crucial molecules involved in acquiring chemoresistance would
be a significant achievement in tailoring the therapeutic strategies to
prevent this fatal disease. Recent cancer genomic studies have revealed
the mechanisms underlying the chemoresistance and sparing of prostate
tumor cells after cancer therapy. Several reports have documented the
involvement of certain genes, including the Polycomb gene repressor
family, which has been involved in various cancers including prostate
cancer.

The expression of BMI1 levels are higher in malignant than normal
prostatic tissues, and there is significant increase in the expression as the
disease progresses from low-grade to high-grade [41]. Recent studies
have shown that there is a significant upregulation BMI1 in tumors
with higher Gleason scores, while as in lower grade prostate cancer
samples, the presence of BMIL1 is of prognostic significance for prostate-
specific antigen recurrence [42]. Genomic and microarray analysis have
found that overexpression of BMI1 in prostatic cancer tissues is often a
predictive marker for metastasis and dismal therapeutic outcome [29].
The higher tumor initiating capacities of prostate cancer cells at the
tumor site has also been an attributive of higher expression of BMI1
[29]. BMI1 inhibition decreases the growth of aggressive PTEN-deletion
induced prostate cancer and protects prostate cells from FGF10 driven
hyperplasia [43].

Altogether, these data provide evidences that intensive expression
of BMI1 might be important in the acquisition of an invasive and/or
aggressive CRPC, and BMI1 has the potential to be an independent
molecular marker and therapeutic target of patients with a poor
prognostic outcome.

In addition, Glinsky et al. has found the BMII- driven 11-gene
signature representing a stem cell-resembling expression profile in
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Figure 1: Role of BMI1 in promoting the prostate tumorigenesis by regulating the Ink4a/Arf signalling Pathway. This figure shows how BMI1 helps in the mediation of
transcriptional repression at the Ink4a/Arf locus. The repression of Ink4a leads to the inactivation of P16 and P14 proteins, which in turn suppresses the downstream
target P53 and formation of CyclinD/CDK complex. This whole mechanism during normal expression of BMI1 leads to downstream repression of cell cycle and

oncogenic pathways.

prostate cancer [29]. The prognostic significance of these 11-gene
signature was further validated as a measure of therapy-outcome sets
in clinical samples obtained from 1,153 cancer patients diagnosed
with eleven different types of cancer, including five epithelial
malignancies (prostate, breast, lung, ovarian, and bladder cancers]
and five nonepithelial malignancies [lymphoma, mesothelioma,
medulloblastoma, glioma, and acute myeloid leukemia). These findings
are indicative of BMI1 regulated molecular mechanisms, which are
involved in the pathogenesis of several human cancers.

BMI1 in Prostate Cancer Therapeutics

The therapeutic potential of BMII in cancer therapy is exemplified
by various recent studies. Griffith et al. has investigated the potential
of BMII in sensitizing the breast cancer cells to radiation therapy
[44]. Similarly, another recent study has demonstrated that tumor
growth and proliferation is suppressed by downregulating the BMI1
expression in breast cancer stem cells [45]. Despite of cytotoxic
chemotherapy and castration, there has been a minimal improvement
in the prognosis of CaP patients. Additionally, 30-50% of CaP
patients exhibit a local or distant relapse of disease resulting in most
deaths. The dismal outcome of therapeutic strategies is associated with
heterogenous nature of individuals and tumors, and treatment failure
is often attributed to chemoresistance. The current available clinical
diagnostic and prognostic biomarkers are not efficient enough to be

representative of these hard-to-treat tumor cells, and therefore are not
appropriate for the treatment of choice. Consequently, unraveling the
molecular mechanisms that govern the chemoresistance and tumor
heterogeneity could be very useful in identifying the potential targets
for individual treatment. Siddique et al. demonstrated that silencing
BMI1 reduces the growth and proliferative potential of different CaP
cells, and increases the responsiveness of chemoresistant CaP to various
clinical chemotherapeutic agents like bicalutamide/casodex, docetaxel
and cisplatin [40]. Furthermore, using a mouse xenograft model, they
showed that targeting BMI1 in chemoresistant cells sensitizes them
to docetaxel therapy, and that the success of docetaxel therapy in the
xenograft mouse model was highly dependent on the level of BMI1. This
suggests that i) targeting BMI1 should be a part of therapeutic strategy
to combat chemoresistant cancer, and ii) BMI1-specific interventions
may provide opportunities to enhance the efficacy of chemotherapy in a
large group of prostate cancer patients.

In addition, Bansal et al. and others have recently demonstrated that
primary prostate cancer site is enriched with a population of cells with
self-renewal and tumorigenic potential [46], known as tumor initiating
cells [TICs]. The resistance to therapy conferred by these TICs is often
linked to the tumor relapse. Several studies have shown that the self-
renewal capacity of these TICs, which has been attributive of BMI1
overexpression, is involved in prostate cancer initiation and progression
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[42]. Therefore, suggests BMII as an attractive therapeutic target in
eradicating the TICs to prevent the chemoresistance and tumor relapse.

Geneticstudieshave notbeen able to determine the exact mechanism
of BMI1 overexpression in various cancers including prostate. However,
there are several findings which suggest that the overexpression of BMI1
does not always coincide with gene amplification, but nevertheless they
may contribute to the pathogenesis of various malignant cancer types
[47]. Accumulating evidence has revealed the discrepancy between
BMII1 protein expression and BMI1 mRNA in various cancer tissues
compared to normal tissues [48], indicating an additional possible
genetic alteration might impose a positive effect on BMI1 protein
expression. Emerging evidences suggest that certain miRNAs are
dysregulated in the pathogenesis of many cancers and miR128 was
found to be underexpressed in prostate tumor initiating cells. Jin et
al. showed that the exogenously introduced miRNA-128 in prostate
xenograft mouse models reduces the BMII protein levels, which led
to significant suppression of tumor regeneration [49]. Based on the
convincing evidences (which suggest the critical role of BMI1 in CaP
growth and proliferation), using BMI1 as a target for anticancer therapy
seems to have a promising potential.

Concluding Remarks

Currently, there is a scarcity of knowledge about the potential targets
(Which are overexpressed in CaP formation and progression) involved
in the pathogenesis of CaP, resulting in refractory and recurrent disease
relapse. The complexity of tumor heterogeneity and mechanisms
underlying CSCs self-renewal has paved a new perspective of CaP
therapeutics. It has been quite evident that BMI1 is a distinct oncogene
and plays pivotal role in cancer stem cell self-renewal and tumorigenesis
of CaP. The aberrant expression of BMI1 has been validated and
correlated with various clinical characteristics and survival outcomes
in a varied set of human malignancies, including CaP. Consequently,
identifying the effective small molecule inhibitors that reduce the BMI1
protein levels will target CSCs and may provide more long-lasting
therapeutic benefit when combined to existing therapeutic strategies.
However, the risk of toxicity to normal cells associated with targeting
BMI1 over the passage of treatment is a question which remains to be
fully addressed. Altogether, these observations suggest an attractive
therapeutic potential of BMI in the management of CaP. Nevertheless,
the underlying molecular events leading to oncogenic activation of
BMII in the development of Cab, still needs to be fully comprehended
to qualify BMI1 as a therapeutic target.
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