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Overexpression and lack of copy number variation
in the BMI-1 gene in human glioma
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Abstract.Malignant gliomas are neoplasms of the brain that are
associated with a poor prognosis. The B-cell-specific Moloney
murine leukemia virus integration site 1 (BMI-1) gene is one
of the major cancer stem cell factors responsible for treatment
failure in glioma. In the present study, the DNA-RNA-protein
alterations in the BMI-1 gene were assessed in 50 glioma
samples. Copy number variations in the BMI-1 gene were
analyzed using SYBR® Green quantitative polymerase chain
reaction. Gene expression analysis was performed using a
Tagman assay and protein quantitation was performed using
western blotting. A comparative Ct analysis showed the
absence of copy number variations in all glioma samples.
BMI-1 mRNA expression was found to be overexpressed in 36
out of 50 samples (72.0%), and 37 out of 50 samples showed
overexpression (74.0%) of BMI-1 protein; this was statistically
significant when compared with non-glioma tissues. It was
observed that the protein and RNA expression in glioma were
concordant. In this study on the BMI-1 gene, transcription and
translation in glioma were observed and BMI-1 overexpression
was found to be a common phenomenon.

Introduction

Gliomas are tumors that arise from glial cells, and malignant
gliomas are the most common primary intrinsic brain tumors
of adulthood. Glioblastomas account for 15.6% of all primary
brain tumors and 45.2% of primary malignant brain tumors.
The estimated relative survival rates for glioblastoma are
fairly low, with <5% of patients predicted to survive for five
years post-diagnosis (1).

B-cell-specific Moloney murine leukemia virus integra-
tion site 1 (BMI-1) protein is a member of the polycomb
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group of proteins, initially isolated as an oncogene involved
in leukemia (2). The gene is located on chromosome 10p12.22
and has 10 exons. BMI-1 has been demonstrated to be a key
regulatory factor for the determination of a cellular pheno-
type in a variety of therapy-resistant cancers, including
glioma (3-9). A previous study showed that BMI-1 levels
increased in 79% of head and neck carcinoma patients, and
a positive correlation was found between these BMI-1 levels
and a lack of response to radiotherapy or chemotherapy (10).
Abdouh et al (2009) reported that BMI-1 is expressed in
glioblastoma tumors, is highly enriched in cluster of differ-
entiation (CD)133* tumor-initiating cells and is necessary for
tumor cell growth (11).

There are only a few studies that have analyzed the role of
BMI-1 gene alterations in glioma in clinical samples (12,13).
A DNA-RNA-protein analysis on the same sample could
provide a complete picture in order to establish the mechanism
of BMI-1 regulation. The present study analyzed the copy
number variations and expression of BMI-1 at the RNA and
protein levels, and its correlation with clinical characteristics.

Materials and methods

Sample. Glioma samples were collected from the 50 patients,
enrolled between September 2011 and September 2012, who
underwent surgery in the Department of Neurosurgery at
the National Institute of Mental Health and Neurosciences
(NIMHANS; Bangalore, India). Informed consent was
obtained from all patients included in the study. Tissues were
bisected and one half was placed in RNAlater (Sigma-Aldrich,
St. Louis, Missouri, USA) and snap frozen in liquid nitrogen,
then kept at -80° until the isolation of the DNA. The other
half was sent for histopathological analysis. Histopathological
diagnosis was made using the World Health Organization
(2007) grading system (14) in the Department of Neuropa-
thology. Control brain tissues were collected from 5 patients
undergoing anterior temporal lobectomy for mesial temporal
sclerosis. The study was approved by the NIMHANS Human
Ethics Committee.

DNA and RNA isolation and quantification. Tissues were
analyzed histologically and those containing >95% tumor
cells were used for further analysis. DNA and RNA isolation
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was performed using an All Prep DNA/RNA Mini isolation
kit (Qiagen GmbH, Hilden, Germany) and quantified by
Nanodrop ND 2000c (Thermo Fisher Scientific, Waltham,
MA, USA). DNA Samples with a purity of 1.75-1.85 and RNA
samples with a purity of 1.95-2.05 (A,4050) Were used in this
study. RNA stability was checked by formaldehyde agarose
gel electrophoresis.

Copy number variation of BMI-1 using quantitative polymerase
chain reaction. Quantitative PCR amplification was performed
on the Applied Biosystems 7500 (Applied Biosystems, Foster
City, CA, USA), using SYBR® Select master mix (Invitrogen,
Life Technologies, Carlsbad, CA, USA) with a total reaction
volume of 20 ul. The PCR mixtures were then subjected to
50°C for UDG activation for 2 min and activation at 95°C for
2 min, followed by 40 cycles of denaturation at 95°C for 15 sec,
annealing at 53°C for 15 sec and extension at 72°C for 60 sec.
Each template-primer pair was tested in three replicates to
estimate the mean Ct. The comparative Ct method was used to
check the copy number variation in the BMI-1 gene. The primer
sequence was as follows: f-actin forward, 5'-GCATTTAGG
TAAGGGGTGGA-3' and reverse, 5-GGGTACACAGACGAA
GCAGA-3'; and BMI-1 forward, 5"TGTGTGCTTTGTGGA
GGGTA-3' and reverse, 5-CATTTCCACAGATTGCAGGA-3'.

RNA extraction and reverse transcription-quantitative PCR.
Total RNA (1 ug) was reverse transcribed into cDNA using
MMLV-reverse transcriptase, oligo-dT, dNTPs and buffer
following the manufacturer's instructions (Life Technologies).
The sequences of the BMI-1 and GAPDH detection probes and
primers were as follows: BMI-1 sense, 5-CTGGTTGCCCAT
TGACAGC-3"; BMI-1 antisense, 5-CAGAAAATGAATGCG
AGCCA-3'; probe for BMI-1,5-CAGCTCGCTTCAAGATGG
CCGC-3', labeled with FAM and TAMRA as the reporter dye;
GAPDH sense, 5'-GAAGGTGAAGGTCGGAGTCAAC-3';
GAPDH antisense, 5-CAGAGTTAAAAGCAGCCCTGG
T-3'; GAPDH probe, 5“TTTGGTCGTATTGGGCGCCT-3/,
labeled with VIC dye. The quantitative assay amplified 1 pul
of cDNA in three replicates using the aforementioned primers
and probes, and the Tagman Universal master mix (Applied
Biosystems). Comparative analysis by the 224 method was
used to compare the expression in each gene.

Western blotting. Whole-cell protein extracts were obtained
from all 50 tissues. Cell lysates were prepared in cold lysis
buffer [S0 mM Tris, 150 mM NaCl, 1 mol/l EDTA, 0.1% sodium
dodecyl sulfate, 1% Triton X-100, 1 mol/l phenylmethylsulfonyl
fluoride (pH 8.0); SRL Ltd., Bangalore, India]. The lysate was
collected and stored at -80°C. The protein content in the lysates
was measured by Bradford assay. For western blot analysis,
50 pg protein was resolved on 12% SDS-PAGE gels, transferred
onto polyvinyldifluoride membranes (Bio-Rad Laboratories
Inc., Hercules, CA, USA) and subsequently incubated in
blocking buffer (5% bovine serum albumin, 1% Tween 20 in
20 mmol/l Tris-buffered saline (pH 7.6); SRL Ltd.] for 1 h. The
blots were incubated with mouse anti-human monoclonal IgG,
antibody against BMI-1 (#sc-390443; 1:1,000 dilution), followed
by rabbit anti-mouse IgG horseradish peroxidase-conjugated
antibody (#sc-358914; 1:5,000 dilution) (both Santa Cruz
Biotechnology Inc., Dallas, TX, USA), and detected by
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enhanced chemiluminescence kit (Bio-Rad Laboratories Inc.)
according to the manufacturer's instructions. Equal loading of
protein was confirmed by stripping the blots and re-probing with
monoclonal mouse anti-human f3-tubulin antibody (#sc-58882;
1:2,000 dilution; Santa Cruz Biotechnology Inc.). Bands were
detected by chemiluminescence and analyzed using Imagel
software (National Institutes of Health, Bethesda, MD, USA).

Statistical analysis. R-2.3.1 (R Foundation for Statistical
Computing, Vienna, Austria) was used for the statistical
analysis. Due to the non-normal distribution of the samples,
the statistical evaluation was performed using non-parametric
tests. Comparison between mRNA and protein expression
levels in the different grades of glioma was performed using the
Kruskal-Wallis test. Correlation between mRNA and protein
was analyzed using Spearman's correlation test. P<0.05 was
used to indicate a statistically significant difference.

Results

Patient details. A total of 50 patients with varying grades of
glioma, enrolled between 2011 and 2012, were included in this
study. All tumors were pathologically confirmed as glioma,
and the patients underwent radiological and histopathological
examinations to establish the clinical profile. The age of the
patients ranged from 8-60 years (mean, 35.6+14.86).

BMI-1 gene copy number variation in glioma. BMI-1 gene
amplification analysis was performed using SYBR Green
quantitative PCR in all tumor samples and non-glioma brain
tissues. The copy number variation was analyzed in compar-
ison with the B-actin gene. The comparative Ct value analysis
did not show any difference between the BMI-1 and B-actin
genes in the glioma samples or the non-glioma brain tissues.

BMI-1 mRNA expression and correlation of clinical data. The
BMI-1 mRNA levels were analyzed in all the glioma samples.
BMI-1 mRNA expression was found to be overexpressed in the
glioma tissues compared with the non-glioma samples. In total,
36 out of 50 samples demonstrated overexpression (72%.0),
which was statistically significant when compared with the
non-glioma control tissues (P=0.01). The median fold-change
of expression was 2.055. The mRNA expression ranged from
1.41-fold to 60.97-fold. Grade-wise gene expression analysis
was performed and BMI-1 was found to be expressed more in
high-grade glioma than in low-grade glioma (Kruskal-Wallis
rank sum test; P=0.025), as shown in Fig. 1. The clinical details
are provided in Table I.

BMI-1 protein expression in glioma and correlation of clinical
data. BMI-1 protein levels were analyzed in all glioma tissue
samples. BMI-1 protein expression was found to be overex-
pressed in the glioma tissues compared with the non-glioma
samples upon western blot analysis (Fig. 2). In total, 37 out
of 50 samples demonstrated overexpression (74.0%), which
was statistically significant compared with the non-glioma
control tissues (P=0.037). The median fold-change of
expression was 2.0408. The protein expression ranged from
1.47-fold to 16.36-fold. Grade-wise gene expression analysis
was performed and BMI-1 was found to be expressed more in
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Table I. BMI-1 mRNA and protein expression data with clinical characteristics.

BMI-1 mRNA expression

BMI-1 protein expression

Characteristics No. of patients (mean fold-change) P-value (mean fold-change) P-value
Age, years 0.467 0.907
<35 24 7.10 1.97
>35 26 7.89 2.717
Gender 0.066 0.276
Male 31 9.56 1.95
Female 19 4.17 2.54
Grade 0.025 0.024
Low 8 1.79 143
High 42 8.60 2.67
Tumor type 0.448 0.8253
Astrocytoma 12 421 1.76
Oligodendroglioma 22 8.96 249
Glioblastoma multiforme 16 7.99 2.35
A BMI-1 mRNA expression by grade B BMI-1 protein expression by grade
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Figure 1. Box plot showing (A) BMI-1 mRNA and (B) protein expression by grade. 1, low grade; 2, high grade. Individual circles represent sample values

outside of standard deviation.
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Figure 2. Western blotting showing BMI-1 protein overexpression in glioma.

NB, non-glioma brain tissue.

high-grade glioma than in low-grade glioma (Kruskal-Wallis
rank sum test; P=0.024), as shown in Fig. 1. There were no

other clinical correlations with protein

expression (Table I).

Correlation of BMI-1 mRNA and protein expression. The
correlation between BMI-1 mRNA and protein levels was
assessed by Spearman's correlation test. A positive correlation

was found with a coefficient p-value of 0.474 (Fig. 3); this was
statistically significant (P=0.0005). This indicates that the
protein expression was concordant with the mRNA expression,
and suggests that there may not be much post-translational
regulation in this protein in glioma.

Discussion

Our understanding of the pathophysiology of glioma has
progressed in recent years. New studies are focused on
targeting the cancer stem cells that are responsible for treat-
ment resistance. A few cancer stem cell factors, such as
CD133, Nestin and CD44, are being considered as potent
biomarkers for therapeutic targeting. The BMI-1 gene is one
of the stem cell factors that has a promising role. BMI-1 has
been found to be overexpressed in gliomas and to interact
with other oncogenes to make them resistant to anticancer
drugs (15-19).
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Correlation between BMI-1mRNA and protein expression
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Figure 3. Graph showing correlation between BMI-1 mRNA and protein
expression.

BMI-1 is a component of polycomb repressive complex 1
(PRC1) involved in epigenetic regulation of gene activity (20).
Glil protein can directly bind to the promoter region of
BMI-1 and regulate its expression, and this has been found
to be the major external stimuli of BMI-1 (21). BMI-1 is an
upstream regulator of the CDKN2A pathway, ultimately
downregulating TP53 and RB1 genes, which are involved in
cell cycle processes (22). Other downstream pathways include
the DNA damage response pathway (23), the phosphatase
and tensin homolog-Akt pathway (24), the nuclear factor kB
pathway (25) and the glutathione-reactive oxygen species
pathway (22). BMI-1 has been found to be overexpressed in
various human cancers, including mammary epithelial cancer,
prostate cancer, medulloblastoma, melanoma, neuroblastoma,
endometrial carcinoma and non-small cell lung cancer (3-9).

It is important to identify the pattern of expression of
BMI-1 and to identify therapeutic targets that will down-
regulate its expression and reduce the aggressiveness of the
tumor. In order to understand the BMI-1 gene alterations and
expression, the present study analyzed 50 glioma samples and
5 non-glioma samples, and correlated the results with clinical
status. Each sample was analyzed for alterations of BMI-1
expression at all levels (DNA-RNA-protein).

BMI-1 gene alterations are uncommon in human neoplasms
and are reported only in Mantle cell lymphomas (MCL) and
gliomas. High-level DNA amplification of the 10p23 region,
where BMI-1 is located, has been observed in head and neck
carcinoma and other solid tumors (26). Bea et al (2001)
could not find any gene amplification in the BMI-1 gene in
any hematological malignancies except for MCL. The study
observed tumors expressing high levels of mRNA and protein
without any gene amplification, and concluded that this may
be due to unknown mechanisms (26).

Previous studies showed BMI-1 gene alterations such as
copy number variations (amplifications and deletions), and
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overexpression of mRNA and protein in different grades of
gliomas (12,13,27-29). Hayry et al (2008) showed that BMI-1
protein was overexpressed in the majority of grade 2-4
gliomas (12). In another study, roughly two-thirds of the total
tumors exhibited copy number alterations of BMI-1. It was
also shown that there was no correlation between BMI-1
copy number variation and protein expression in glioma (13).
Abdouh et al (2009) performed quantitative PCR for the gene
amplification analysis and they found that there was no gene
amplification, but that there was overexpression of BMI-1
in the glioblastoma samples (11). All the glioma samples in
the present study failed to show any copy number variations
using the quantitative PCR technique. There is a constant
debate over the amplification or deletion status in BMI-1 gene
in gliomas and other cancers.

Cenci et al (2012) studied high-grade gliomas and revealed
the overexpression of BMI-1 protein in 72.9% of samples (27).
Farivar et al (2013) showed BMI-1 gene expression in various
types of pediatric brain tumors and found that gliomas
exhibited 5.54-fold more BMI-1 expression when compared
with normal brain tissues. The BMI-1 expression and other
patho-clinical parameters were also found to be significantly
correlated in the study (28). Wu et al observed that the BMI-1
protein expression level in glioma was significantly higher
than that in corresponding non-neoplastic brain tissue (29).

The present study showed that BMI-1 mRNA was overex-
pressed in 72% of the samples. Low-grade glioma exhibited
comparatively less expression. There was no statistical corre-
lation between gender and BMI-1 mRNA expression. BMI-1
protein expression (quantitative) was analyzed by western blot-
ting and BMI-1 protein was found to be overexpressed in 74%
of glioma samples, similar to the previously reported range of
67-99% (12,27,29). In the present study, it was observed that
high-grade gliomas exhibited higher levels of protein expres-
sion compared with low-grade gliomas. No difference was
found between BMI-1 mRNA and protein expression in the
glioma subtypes. High transcriptional activity may be the one
true reason for the overexpression of BMI-1 at the RNA and
protein levels without copy number variation at the gene level.

BMI-1-knockdown has effectively suppressed cancer cell
proliferation in several cancer types (22,30,31). Studies have
reported that the blocking of BMI-1 inhibits the proliferation
and accelerates the apoptosis of colorectal cancer cells (30),
breast cancer cells (31) and ovarian carcinoma (22). The
silencing of BMI-1 expression can be a potential therapeutic
strategy to eliminate these cancer stem cells from the brain.

In conclusion, the BMI-1 gene plays a major role in
glioma pathogenesis. The present study showed that BMI-1
mRNA and protein levels are concordantly high in glioma.
A post-transcriptional regulation study is required in order to
detect the discrepancy of correlation between DNA alteration
and RNA/protein expression.
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