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Abstract. - Glioblastoma (GBM) is a very
lethal form of human brain cancer, which is char-
acterized by rapid diffuse, infiltrative growth and
high level of cellular heterogeneity. Such cancer
patients usually survive for one year under treat-
ment. Recently, the role of small non-coding
RNA known as microRNAs (miRNA), have been
suggested to be involved in the pathogenesis of
glioblastoma, as miRNAs play a critical role in
the tumor-forming processes. The change in ex-
pression levels of several miRNAs has been
found in GBM patients within last 10 years. It is
evident now that impairment of miRNA regula-
tion is one of the key mechanisms in GBM
pathogenesis. The miRNA deregulation is in-
volved in many processes, such as cell prolifera-
tion, cell cycle regulation, apoptosis, invasion,
glioma stem cells behavior, and angiogenesis.
GBM is also known as Grade IV astrocytoma, a
rare disease with an incidence of 2-3 cases per
100,000 people in Europe and North America,
and 50% with GBM die within 1 year, while 90%
within 3 years. The treatments of GBM involve
chemotherapy, radiation and surgery. The medi-
an survival with standard radiation and
chemotherapy with Temozolomide is 1 year and
3 months, and median survival without treatment
is four and a half months. In this article, symp-
toms of GBM, treatments, the role of miRNAs,
gene expressions, types of miRNAs, neoplasms
and glioblastomas, the miRNA biogenesis path-
ways, deregulation of miRNAs, and care of GBM
have been described.
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Introduction

Glioblastoma (GBM) is the most lethal form
of human brain cancer, and is characterized by
rapid diffuse and infiltrative growth and high lev-
el of cellular heterogeneity related with therapeu-

tic resistance'. The brain cancer patients general-
ly survive for one year under treatment. A con-
siderable progress has been made in understand-
ing of the role of small non-coding RNA mole-
cules, known as microRNAs in the pathogenesis
of glioblastoma. miRNAs play a critical role in
the multiple steps of tumor-forming processes.
The modulation of miRNA expression, using ei-
ther antisense oligonucleotides or precursors
mimic sequences, show a marked potential for
application in GBM-targeted therapies either per
se or in combination with chemo- or radiothera-
py. Diagnosis, biomarkers have been developed
for prognosis and prediction, and treatments with
advances in microRNA therapeutic research in
vitro and preclinical studies of GBM patients.
The microRNAs are endogenously expressed
regulatory non-coding RNAs?. The changes in
expression levels of several miRNAs have been
observed in GBM patients. Since last 10 years,
the function and direct mRNA targets for these
miRNAs have been studied and it is evident now
that the impairment of miRNA regulatory net-
work is one of the key mechanisms in GBM
pathogenesis. The miRNA deregulation is in-
volved in many processes, such as cell prolifera-
tion, cell cycle regulation, apoptosis, invasion,
glioma stem cells behavior, and angiogenesis. It
is suggested that the miRNA functions in GBM
are involved with an emphasis on its significance
in GBM oncogenic cell signaling and its poten-
tial to serve as a disease biomarker and as a new
therapeutic target for cancer. The GBM is also
known as Grade IV astrocytoma®. The GBM is a
rare disease, with an incidence of 2-3 cases per
100,000 in Europe and North America. About
50% of the patients diagnosed with GBM usually
die within a year, while 90% within 3 years. The
treatments of GBM involve chemotherapy, radia-
tion and surgery. The median survival with stan-
dard radiation and chemotherapy with Temozolo-
mide is 1 year and 3 months, and median survival
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without treatment is 4%2 months. However, no
randomized controlled trial studies have been
done, but surgery remains the standard treatment
of cancer.

Symptoms of GBM

The common symptoms of GBM include,
seizure, nausea, vomiting, headache, memory
loss, and hemiparesis. The single most prevalent
symptom is a progressive memory, personality,
and neurological deficit due to temporal and
frontal lobe involvement. The heavy smoking
and chronic alcohol consumption is also a possi-
ble risk factor. The GBM has been related with
the viruses SV40, HHV-6, and cytomegalovirus.
There is a small link between ionizing radiation
and GBM. It is also believed that there may be a
link between polyvinyl chloride (commonly used
in construction) and GBM. In 2006, research
showed a link between brain cancer and exposure
to lead in the work-place. The GBM is usually
formed in the cerebral white matter, which grows
quickly and can become larger in size before pro-
ducing cancer symptoms. Less than 10% of
GBM form more slowly following degeneration
of low-grade astrocytoma or anaplastic astrocy-
toma, which are called secondary GBMs and are
more common in people (aged 45 to 62 years).
The GBM tumor may extend into the meninges
or ventricular wall, leading to high protein con-
tent in cerebrospinal fluid (> 100 mg/dL), and an
occasional pleocytosis of 10 to 100 cells, mostly
lymphocytes. The cancer cells carried in the CSF
can spread slowly to the spinal cord or cause
meningeal gliomatosis. The metastasis of GBM
beyond the central nervous system (CNS) is un-
usual. About 50% of GBMs occupy more than
one lobe of brain hemisphere or are bilateral. The
tumors of this type usually arise from the cere-
brum and may rarely exhibit the infiltration
across the corpus callosum, producing a butterfly
(bilateral) glioma. The tumor may take on differ-
ent appearances, depending on the amount of he-
morrhage, necrosis, or its age. The CT scan usu-
ally shows an inhomogeneous mass with a hypo-
dense center and a variable ring of enhancement
surrounded by edema. The mass effect from tu-
mor and edema can compress the ventricles and
cause hydrocephalus. The cancer cells with stem
cell-like properties have been found in GBMs.
This can be a cause of their resistance to conven-
tional treatments, and high recurrence rate. A
biomarker for cells in GBMs that exhibit cancer
stem cell properties, the transcription factor

Hes3, has been shown to regulate their number
when placed in nerve cells culture.

When GBMs are viewed in MRI scan, these
often appear as ring-enhancing lesions. The ap-
pearance is not specific, because other lesions
such as abscess, metastasis, tumefactive multiple
sclerosis, and other entities also show a similar
appearance. A positive diagnosis of a suspected
GBM on CT or MRI scans requires a stereotactic
biopsy or craniotomy with tumor resection and
pathologic confirmation. The treatment and prog-
nosis GBMs include symptomatic therapy, pallia-
tive therapy, surgery, radiotherapy, chemothera-
py, gene transfer, and microRNA screening of
plasma. The protein therapeutics - APG101 treat-
ment without drug is useful for 2 years for GBM.
The immunotherapy can be applied for the GBM
treatment. For prognosis, the median survival
time from the time of diagnosis without any
treatment is 3 months, but with treatment sur-
vival of 1-2 years is possible. The increasing age
(> 60 years) carries a poorer prognostic risk. The
brain cancer patient’s death usually occurs due to
a cerebral edema or increased intracranial pres-
sure. The patients with glioblastoma multiforme
(GBM) have a very poor prognosis, median sur-
vival time from diagnosis is 3 months, and an in-
crease of molecular and cellular mechanisms in-
volved in the pathogenesis of GBM*. Thus, a new
research and development strategy is required to
improve the outcome of GBM patients. The
GBM is the most common primary brain tumors
in adult population and the causes and pathogen-
esis of this disease have not yet been clearly
identified.

Expression of microRNAs in GBM

A total of 1,236 significant and differentially
expressed genes, and 30 pathways enriched in
the set of differentially expressed genes among
243 tumor and 11 normal samples have been
identified®. Ninety-seven differentially expressed
microRNAs among 240 tumor and 10 normal
samples were also identified. Twenty two of
which were reported to affect glioblastoma and
50 were implicated in other cancers and brain
diseases. The gene expression was regressed on
microRNA expression in 237 tumor tissues and
10 normal tissues. Two experimentally validated
microRNA targets and 1,094 miRNA-target gene
pairs were found in the data sets which were pre-
dicted by microRanda Algorithm. Eight of the
target genes were tumor suppressor genes and 3
were oncogenes. The function analysis of target
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genes further suggested that miRNAs were most
frequently targeted genes related with cell signal-
ing and nervous system of the brain cancer pa-
tients. These findings are important clues to fur-
ther study the carcinogenic processes in the
glioblastoma patients. The GBM is the most ag-
gressive type of primary brain tumor, and ac-
counts for 52% of all primary brain tumor cases
and 20% of all intracranial tumors. In the past 20
years, the molecular mechanism, genetics and
treatment for the pathogenesis of GBM have not
been known clearly. Recent improvements of
high-genomic technology have shown that it is
now feasible to survey human cancer genome.
The Cancer Genome Atlas (TCGA) catalogue
which discovered major cancer-causing genomic
changes in large cohorts of human tumors
through integrated multi-dimensional analyses
have been reported.

The microRNAs are single-stranded short cod-
ing RNA molecules of about 22 nucleotides in
length, which repress gene expression by binding
at the 3’UTR region of target gene. The expres-
sions of miRNAs are highly different in organ
development and tissue differentiation. Many
miRNAs have been found to associate with apop-
tosis and cancer. This suggests their function as
oncogene or tumor suppressor gene. In this study,
the expression levels of 470 human miRNAs
were performed in GBM and indentified a group
of miRNAs whose expression is significantly
changed in the brain tumor. The significant
changes in gene expression and pathways related
to GBM have also been identified. All types of
research data were obtained from TCGA project®
and the Website address is: (http://can-
cergenome.nih.gov/dataportal/data/about/ web-
site). The gene expression microarrays were per-
formed on Affymetrix HT Human Genome U133
Array Plate Set by MIT, Boston, MA, USA. The
level three data gave calls for genes per sample
after Probeset-level and Gene-level Robust Mul-
tiarray Analysis (quantile normalization and
background corrected) until the most recent up-
date on Sep. 05, 2008. After calculation the aver-
age expression values for duplicated samples, fi-
nally 243 tumor tissue samples, 10 normal tis-
sues and 1 cell line sample from GBMs patients
were used for differential expression analysis.
The microRNA expression experiments were
performed on Agilent 8 x 15 K Human miRNA-
specific microarrays by researchers at University
of North Carolina, NC, USA. There are 534 miR-
NAs (470 human miRNAs) and 240 tumor tissue

samples, 10 normal tissue samples which are
available in level three data (after quantile nor-
malization and batch adjusted) until the most re-
cent update on Nov. 10, 2008. Since, it is very
difficult to get the brain tissue samples from nor-
mal people, all the control samples were from the
adjacent normal tissues of GBMs patients. Thus,
to detect the effect of somatic difference on dis-
ease was focused, which was also a common ap-
proach in other cancer studies. The 254 samples
were used for gene expression and pathway
analysis, 250 samples for microRNA expression
analysis, 247 samples common in microRNA and
gene expression datasets for microRNA targets
analysis. The gene expression analysis was
done’. A total of 1,236 genes were identified to
be significantly differentially expressed between
tumor and normal tissues. To further investigate
the function of these differentially expressed
genes, DAVID method was used. The bioinfor-
matics resources and pathway analysis for sys-
tematic and integrative analysis of large gene
lists was performed. 1,221 of 1,236 differentially
expressed genes had annotations in DAVID
Functional Annotation Tools. The gene set en-
richment analysis were carried out to identify the
most enriched gene function annotation terms
(GO terms) in the list of 1,221 annotated differ-
entially expressed genes. The top 10 enriched
GO terms in the list of differentially expressed
genes showed that these genes were enriched in
brain and mainly associated with development
and function of nervous system. DAVID could
cluster similar functional GO terms together. The
first two enriched GO term groups in the differ-
entially expressed gene list were all the function-
al terms relevant to brain and neurons. These
were, 1, GOTERM Cellular Component includ-
ing 5 terms: neuron projection, cell projection,
dendrite, cell soma, and axon. All 53 genes be-
longed to this cluster including CDKS, SNCG,
UCHLI1 and FREQ for cancer. The pathway
analysis was also performed by using algorithm
as proposed in TAPPA (Topological Analysis of
Pathway Phenotype Association). The results re-
vealed that 131 pathways were significantly asso-
ciated with GBMs. The 131 associated pathways
belonged to 33 functional groups, among which
Cell signaling, Neuroscience, Immunology and
Expression were the most enriched pathway
groups. Glioma pathway was the only significant
pathway in the cancer functional group with p-
value = 5.75 x 107", Similar to the GO terms en-
richment analysis, the DAVID Functional Anno-



Role of micro-RNA (miRNA) in pathogenesis of glioblastoma

tation Tools were used to identify which path-
ways were most enriched in the list of differen-
tially expressed genes and 40 significant path-
ways were found. Cell signaling, signal transduc-
tion, apoptosis and neuroscience were the most
enriched pathway groups. The long-term potenti-
ation (nervous system pathway) and Calcium sig-
naling pathway (a signal transduction pathway),
were the most significantly enriched pathways
with p-value 2.62 x 10 and 3.26 x 1078, respec-
tively. There were 11 significant cell signaling
pathways, 4 significant apoptosis pathways, 4
significant signal transduction pathways, 3 sig-
nificant immunology pathways, 3 significant
neuroscience pathways and 2 significant nervous
system pathways (some pathways may belong to
different functional groups). The results suggest-
ed that the differentially expressed genes were
most involved in signal, apoptosis and neuro-
science pathways.

The analysis of differential expression of mi-
croRNA was done. A total of 97 microRNAs
were significantly differentially expressed be-
tween tumor and normal tissues. To examine
whether these miRNAs were associated with
GBM, the miR2Disease was used to validate the
results (Updated Date: Dec. 19, 2008). The
miR2Disease provides a comprehensive literature
reported resource of miRNA deregulation in vari-
ous human diseases. From the data in miR2-Dis-
ease, 81 of the 97 significant miRNAs have been
reported to associate with 84 diseases, among
them 72 miRNAs are associated with 59 cancers
and brain diseases. The 22 of those miRNAs
have been reported to induce glioblastoma or
glioblastoma multiforme (GBM)/Neuroblastoma
(NB) and the expression pattern of miRNA in the
literature is the same as that in data. The p-values
were also shown for the 22 miRNAs. It was
found that the other 50 miRNAs which were re-
lated to other cancers and brain diseases may al-
so be important for carcinogenesis in brain but
needs further confirmation. Among 97 significant
miRNAs, 30 of those were up-regulated and 67
were down-regulated. To examine the function of
those significant miRNAs, experiments and the
regression analysis for miRNA and gene expres-
sion were carried out to find out the target gene
of miRNAs associated with GBM.

Regulation of microRNAs

The regulation of gene expression by microR-
NA was determined. The miRNA promotes
degradation of target mRINA or suppresses trans-

lation of corresponding protein by matching with
mRNA in the 3’-UTR region. The miRNAs per-
form various biological functions through regula-
tion of gene expression. To find out how miRNA
regulates gene expression in GBM, the target
genes of miRNAs were identified and construct-
ed miRNA target networks. Since miRNAs re-
press the expression of its target gene, the first
step was to test the inverse relationship between
the expression profile of miRNA and its potential
targets. The expression of target mRNA on the
expression of miRNAs and select mRNA with
significant negative regression coefficients as
miRNA targets was seen. The p-value for declar-
ing significant evidence of miRNA target was
1.00 x 10 The second step was to conduct se-
quence analysis which used sequence comple-
mentarities of miRNA and its target site to pre-
dict potential miRNA target genes. This was
done by using experimentally verified and pre-
dicted miRNA targets data from three miRNAs
databases: miR-2Disease, TarBase and miRBase.
The miR2Disease (updated on Dec.19, 2008) and
TarBase (updated on June, 2008) provided exper-
imentally verified miRNA target genes. The
miRBase predicted the target gene of miRNA by
miRanda algorithm, where the predicted target
genes and miRNAs could be downloaded directly
(updated on: Oct. 31, 2007) (Dong et al, 2010)°.
The 1,236 differentially expressed mRNAs and
97 differentially expressed miRNAs data in 237
tumor tissue sample and 10 normal tissue sam-
ples were compiled. Two experimentally con-
firmed results were found. It is reported in the lit-
erature that in nasopharyngeal carcinomas under-
expressed hsa-mir-29c¢ (expression fold change
(tumor/normal) = 0.20) target over expressed
gene COL 4A1 (expression fold change (tu-
mor/normal) = 5.24) and down-regulated hsa-
mir-29c (differentially expressed p-value < 5.11
x 10712) targets over-expressed gene COL4A1
(differentially expressed p-value < 3.58 x 107°)
with regression § = -389.02 and p = 1.35 x 10°®
were found. In conclusion, hsa-miR-29c is also
an important miRNA in glioblastomas.

Another experiment validated that targets gene
was LDOCI targeted by has-miR-155. The
known oncogenic miRNA hsa-miR-155 can reg-
ulate a set of target genes including LDOC, a
regulator of apoptosis. The results showed that
hsa-miR-155 was over-expressed (differentially
expressed p-value < 1.40 x 107'°) and targets un-
der-expressed gene LDOC1 (differentially ex-
pressed p-value < 1.085 x 107!) with regression
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p =-196.77 and p = 4.00 x 1075, It was inferred
that hsa-miR-155 could induce cancer through
regulation of apoptosis gene LDOCI in glioblas-
tomas. For predicted targets in miRBase, 1,094
matched miRNA-gene pairs including 70 miR-
NAs and 661 genes were observed. The 44
down-regulated miRNAs target 202 over ex-
pressed genes while 26 up-regulated micro-
RNAs target 459 under expressed genes. The 661
target genes were a subset of the 1236 significant
differentially expressed genes. The pathways
were examined for these genes enriched in and
compared these with the previous results. The 11
pathways were significant by fisher exact test in
DAVID, 8 of which were the same as the path-
ways identified from the previous sections. The
statistical analyses were performed. The differen-
tial expression of the gene and microRNA were
tested by t-test and Mann-Whitney Test. The
thresholds for declaring significance after Bon-
ferroni correction for multiple tests were 4.15 x
10 and 9.36 x 1075, for gene and miRNA re-
spectively. Linear regression was used to investi-
gate the relationships between miRNA and gene
expressions. The linear model took its common
form: where y is an n-by-1 vector of observa-
tions, such as gene expression and X is an n-by-p
matrix of regressors, such as miRNA expression,
[ is a p-by-1 vector of parameters; known as re-
gression coefficient and € is an n-by-1 vector of
random disturbances. The Right-tail Fisher exact
tests were used to examine for the enriched Gene
Ontology Terms, pathways in the datasets.

miRNA Expression in Glycolysis
and Glioma

Recent studies by Wong et al® observed that al-
tered energy metabolism is wide-spread in cancer
cells along with other associated cells as hall-
marks of cancer. The Akt signaling pathway is
involved in the aerobic glycolysis program. How-
ever, mechanisms underlying the regulation of
aerobic glycolysis and Akt activity in gliomas re-
main unclear. The microRNAs are a group of
small non-coding RNAs that can function as en-
dogenous RNA interference to regulate expres-
sion of targeted genes. This study was conducted
to detect the function of miR-7 targeting insulin-
like growth factor 1 receptor (IGF-1R), which is
an upstream regulator of Akt. The microRNA ex-
pression data for GBM and normal controls were
downloaded from The Cancer Genome Atlas
(TCGA) database. Quantitative real-time PCR
was used to measure the micro-RNA-7 (miR-7)

expression level, and Western blot was performed
to detect protein expression in U87 and U251
cells. Colony formation assay and glycolysis
stress test were also performed. The Luciferase
reporter assay was used to identify the mecha-
nism of IGF-1R and miR-7 regulation. The miR-
7 was down regulated in human glioma tissues
based on TCGA database. The forced expression
of miR-7 or IGF-1R knockdown inhibited colony
formation and glucose metabolic capabilities of
glioma cells in vitro and decreased the p-Akt ex-
pression. The Bioinformatics analysis results in-
dicated that IGF-1R could be a target of miR-7.
Western blot and Luciferase reporter assays
showed that miR-7 modulated IGF-1R expres-
sion by directly targeting the binding site within
the 3’-untranslated region. This study provides
the first evidence that miR-7 inhibited cellular
growth and glucose metabolism in gliomas at
least partially, by regulating the IGF-1R/Akt sig-
naling pathway. Therefore, miR-7 is a promising
molecular drug for glioma treatment. The biolog-
ical features of GBM offer opportunities for the
design of a new therapeutic strategy based on tar-
geting essential signaling pathways.

Gabriely’s project’ proposes to reprogram the
monocytes and restore their intrinsic ability to
destroy abnormal tumor cells. Recently, her team
used microRNAs and discovered master genes to
activate monocytes. Initially, to identify potential
microRNA targets, the team compared their con-
tent between normal blood monocytes and
glioma-associated monocytes. Therapeutic mi-
croRNAs were then identified by using a screen
system of co-culturing monocytes with glioma
cells. Therapeutic properties of microRNA mod-
ulation in monocytes invading glioma cells in an
established mouse glioma model were validated.
This pioneering research is promising to rescue
glioblastoma patients from developing a new
way to treat this devastating brain malignancy. It
will provide the fundamental scientific informa-
tion about immune cells populating glioma for
comprehensive understanding of glioma, brain
cancer biology which is necessary for the devel-
opment of targeted treatments.

Neoplasms of CNS and Glioblastoma
Somasundaram et al® reported neoplasms, aris-
ing in cells originating from central nervous sys-
tem (CNS) or peripheral nervous system (PNS)
result in a class of tumors called as neuroectoder-
mal tumors. Generally after development ceases,
neurons become post-mitotic and only the glial



Role of micro-RNA (miRNA) in pathogenesis of glioblastoma

cells retain the capacity to divide and proliferate.
Most of the brain tumors are of glial origin and
are referred as gliomas. Based on the cell type in-
volved in malignancy, gliomas can be astrocy-
tomas (astrocytes), oligodendrogliomas (oligo-
dendrocytes), oligo-astrocytomas (mixture of as-
trocytes and oligodendrocytes) and ependymo-
mas (ependymal cells). Astrocytomas account for
more than 60% of all primary brain tumors,
hence forming the majority of neoplasms of the
CNS. The neurofibroma and schwannoma are the
two most common glial tumors of the PNS. The
World Health Organization® classification
showed, Astrocytomas are classified into grades
I-IV based on the intensity of malignancy as de-
termined by histopathological criteria. The Grade
I (Pilocytic Astrocytoma; PA) gliomas are gener-
ally benign and often circumscribed, whereas
grade II (Diffuse astrocytoma; DA), grade III
(Anaplastic Astrocytoma; AA) and IV (Glioblas-
toma; GBM) gliomas are malignant and diffusely
infiltrate the brain. The most malignant and com-
mon forms of infiltrating astrocytic tumors are
glioblastoma with a median survival of less than
one year.

The GBM can be further divided into two sub-
types based on certain genetic and clinical fea-
tures: as primary and secondary GBM. Primary
GBM arises as a de novo process, without any
antecedent history of low-grade lesions, whereas
secondary GBM develops progressively from
lower grades, generally over a period of 5-10
years. The underlying cause of gliomagenesis is
the genomic alterations like deletions, amplifica-
tions, mutations, aberrant DNA methylation and
chromosomal rearrangements, which results in
the activation of oncogenes and inactivation of
tumor suppressors. The hundreds of miRNA
genes are discovered in the past few years that
produced non-coding RNA transcripts with no
significant open reading frame. It has become ev-
ident that the genomic complexity of the cancer
cell is far greater than expected. The miRNAs are
single-stranded non-coding RNAs of 19-25 nu-
cleotides in length, generated from endogenous
transcripts that contain a local hairpin structure.
These function as guide for cancer.

The molecular targets of CNS tumors 344mol-
ecules in post-transcriptional gene silencing by
base pairing with target mRNAs, leading either
to the cleavage of the target mRNA or its transla-
tional repression. The miRNAs are one of the
largest gene families, accounting for ~1% of the
genome'?. Recent studies suggest that the miR-

NAs play a key role in diverse regulatory path-
ways which control development, differentiation,
apoptosis, cell proliferation, and organogenesis.
The miRNAs and their targets seem to form intri-
cate regulatory networks, as single miRNA can
bind to and conversely regulate different mRNA
targets. A single mRNA can be synergistically
controlled by multiple miRNAs. Recently, Bartel
and Burge!! predicted that over one third of the
human genes are regulated by miRNAs. The lo-
cation of miRNA genes in fragile sites of the
genome provides a circumstantial evidence of an
etiological role of miRNAs in tumor formation.
The miRNAs are generally negative regulators of
gene expression. The changes in the amounts of
these RNAs can be tumorigenic if these target a
tumor suppressor or an oncogene. For example,
over accumulation of a miRNA that targets a tu-
mor suppressor would result in less of that pro-
tective factor. The reduced accumulation of a
miRNA that targets a proto oncogene could lead
to excessive amounts of the oncogenic protein.
The net outcome is an imbalance in the activities
of tumor suppressor genes and oncogenes, hence
results in malignancy.

The detection and biology of miRNAs was re-
viewed including their structure, regulation, and
biogenesis along with different methods to assay
miRNA expression. A detailed account of the lit-
erature on differential miRNA expression and
their functional characterization in glioma is pro-
vided. The potential utility of miRNAs in glioma
diagnosis, classification, prognosis, and targeted
therapy is also described.

Detection and Biology of MicroRNAs

The microRNAs were initially discovered as
small temporal RNAs (stRNAs) that played a
role in the developmental transitions in
Caenorhabditis elegans. The first miRNA was
discovered as lin-4 in C. elegans in 1993'2. The
discovery of lin-4 and its target specific transla-
tional repression pointed to a new way of gene
regulation. In 2000, the second miRNA, let-7
was discovered in the same organism and since
then many miRNAs have been discovered. A to-
tal of 15172 miRNA have been recorded from
various organisms (Release 16, miRBase) which
also include 1048 miRNAs from Homosapiens
(http://www.mirbase.org/). A small RNA must
fulfill the following criteria to be classified as
miRNA. Its expression should be authenticated
by hybridization to a size-fractionated RNA sam-
ple by employing Northern blotting. It should be



J.W. Luo, X. Wang, Y. Yang, Q. Mao

detected by methods like PCR after reverse tran-
scription of RNA (RT-PCR), primer extension
analysis, RNase protection assay and microarray.
However, Northern blotting remains the method
of choice for the confirmation of miRNAs, as the
blot generally detects both the mature form (a
~22-nucleotide band) and the hair pin precursor
(a ~70-nucleotide band) of the predicted miRNA.
The small RNA sequence must exist in the stem
portion of the hairpin precursor. The precursors
are ~60-80 nucleotides in animals, but the
lengths are more variable in plants. The small
RNA sequences should be conserved phylogenet-
ically. The evidence can be consolidated if the
precursor of the predicted miRNA accumulates
in a blated Dicer background. This criterion is
not in vogue, because of the technical challenges
that are involved in depleting Dicer in different
cells. The miRNA gene structure showed that
most miRNA genes are transcribed as indepen-
dent transcription units. The transcripts thus syn-
thesized are referred as primary miRNAs and are
equipped with a 7-methyl guanosine cap in the 5’
end as well as a poly A tail in the 3’ end which
are the unique features of class II gene tran-
scripts. The miRNAs arising from a single gene
cluster can be related to each other, suggesting
that the miRNAs might have assembled as a re-
sult of gene duplication and may play a synergis-
tic role in the production of a particular pheno-
type. The intragenic class can be either intronic
or exonic in nature owing to the fact whether the
stem loop sequence of the precursor miRNA
comes from the intron or exon of the protein cod-
ing gene or sometimes a non-protein coding
gene. In both types, the miRNA gene can be
mono- or polycistronic. The expression of intra-
genic miRNAs can be controlled by their own in-
dependent promoter or the miRNAs would be co-
transcribed with the parent gene, in which case
the pre-miRNA would be processed to intron
splicing. Some miRNAs derive their stem loop
sequence from short introns and hence bypass
the processing action of Drosha and are called as
Mirtrons. The miRNA gene regulation and ex-
pression can be modulated at a number of levels,
which include the transcription of the primary
transcript and the multiple steps of the miRNA
biogenesis. The diagrammatic representation of
miRNA biogenesis pathway in cell is described
in Somasundaram et al®

The cell has nucleus and cytoplasm compart-
ments separated by nucleopore membrane com-
plex. In nucleus, the miRNAs co-transcribed with

the parent gene, pre-miRNA and processed to in-
tron splicing. In the cytoplasm, after dicer forma-
tion and dicing, the miRNA complex is formed.
This makes a mature miRNA and then ribosome
records the message on target mRNA strand.
This makes either translation repression or mR-
NA degradation.

A number of RNA polymerase II associated
transcription factors regulate the expression of
miRNA genes, for instance TP53; a tumour sup-
pressor transcription factor activates the miR-34
family of miRNAs. The majority of miRNA
genes being transcribed by the same RNA poly-
merase as protein coding genes, the mechanisms
of epigenetic control known for protein coding
genes are likely to be applicable to miRNA loci,
the aberrant DNA methylation of tumor suppres-
sor genes. The miRNA promoters are also regu-
lated by histone modifications during the devel-
opment and pathogenesis. The biogenesis of
miRNA involves initial transcription as a largely
unstructured precursor, termed as primary miR-
NA (pri-miRNA), which is subsequently
processed in the nucleus to give rise to a 70-nu-
cleotide precursor miRNA hairpin intermediate
(pre-miRNA). The pre-miRNA gets transported
to the cytoplasm where it undergoes further pro-
cessing to give rise to a mature miRNA. Most of
the miRNA genes are transcribed by RNA poly-
merase II to generate a stem-loop containing pri-
mary miRNA (pri-miRNA), which can range in
size from hundreds of nucleotides to tens of kilo-
bases. Like mRNAs, RNA polymerase II tran-
scribed pri-miRNAs contain 5’ cap structures are
polyadenylated and may be spliced. The pri-miR-
NA is processed within the nucleus by a multi-
protein complex called the microprocessor. The
microprocessor is a 650 kDa complex in humans
and is constituted by two key components:
Drosha, an RNase III enzyme, and DiGeorge
syndrome critical region 8 gene (DGCRS), a
double-stranded RNA-binding domain (dsRBD)
protein. For miRNA regulation in glioma, several
studies have in depth reported the specific miR-
NAs in glioma cells including functional charac-
terization to understand the effects of regulation
of miRNA in glioma cells with respect to various
transformation related phenotypes like cell pro-
liferation, cell death, migration and invasion. For
large scale expression profiling of miRNAs in
glioma the microarray chip was used to profile
the expression of 245 miRNAs in GBM tissue
samples. The samples included 9 GBM tissue
samples, matched adjacent peripheral region as
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normal brain tissue and glioma cell lines. With
the additional validation by Northern blotting,
this study identified miR-221 as GBM up regu-
lated and miR-128, miR-181a, miR-181b and
miR-181c as GBM down regulated miRNAs, an-
alyzed the expression of 180 mammalian miR-
NAs using a nylon membrane based oligo nu-
cleotide array in 3 primary high-grade gliomas
and 8 non-neoplastic fetal and adult brain tissues.
The miR-21was found as the most up regulated

miRNA in high-grade gliomas among a total 8
miRNAs. This was validated by the expression of
selected miRNAs (miR-16, miR-17, miR-19a,
miR-20a, miR-140 and miR-184) in an indepen-
dent set of low grade and secondary GBM sam-
ples, thus, confirming the grade associated regu-
lation of these miRNAs. The modulation of miR-
17 and miR-328 in glioma cell lines showed an
important role of these miRNAs in glioma cell
proliferation, apoptosis and cell invasion.
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Niyazi et al'® studied new prognostic sub-
groups in patients with glioblastoma, GBM, a
miRNA screen (> 1000 miRNAs) from paraffin
tissues followed by a biomathematical analysis.
The 35 glioblastoma patients were treated be-
tween 7/2005-8/2008 at a single institution with
surgery and post-operative radio (chemo) thera-
py were included in this retrospective analysis.
For microarray analysis the febit biochip “Ge-
niom® Biochip MPEA homo sapiens” was used.
The total RNA was isolated from FFPE tissue
sections and 1100 different miRNAs were ana-
lyzed. It was possible to define a distinct miR-
NA expression pattern allowing for a separation
of distinct prognostic subgroups. The defined
miRNA pattern was significantly associated
with early death versus long-term survival (split
at 450 days) (p = 0.01). The pattern and the
prognostic power were both independent of the
MGMT status. This is the first dataset defining
a prognostic role of miRNA expression patterns
in patients with glioblastoma. This pattern was
also defined by a prospective study of brain and
meninges'*. The classification of multiple can-
cers based on the expression pattern of couple
of hundred miRNAs was found to be more ac-
curate than using expression of approximately
16,000 protein-coding genes as reported earli-
er’>. It suggests within a glioma grade that dis-
tinct subgroups within each grade of glioma
could be identified.

Conclusions

miRNAs regulation has significance in glioma
development and GBM pathogenesis. Its role in
cell proliferation, apoptosis, cell cycle regulation,
migration, invasion and angiogenesis has been
suggested. This indicates that defects in miRNA
regulatory network appear to play a key role in
glioblastoma pathogenesis. With total number of
known human miRNAs as 1040 (Release 16,
miRBase), one of important needs is to carry out
more comprehensive analysis of all known miR-
NAs in large number of tumor tissue samples.
The efforts towards identifying targets, their ex-
perimental validation and establishing the rela-
tionships with various altered molecular path-
ways in cancer are also very important. The miR-
NA provides new useful method for clinical re-
search. Similar to other biomarkers, the use of
miRNAs in glioma classification and prognosis

requires more studies in large cohorts at indepen-
dent labs. The use of miRNA based glioma thera-
py is very promising. The development of better
methods of in vivo delivery of miRNAs is likely
to show the utility of miRNA in glioma, GBM
brain cancer therapy.
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