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Abstract

Objectives To study the expression profiles of IncRNA
and mRNA in glioblastoma multiforme (GBM) and to find
potential core genes in the pathogenesis of this high malig-
nant disease.

Methods Agilent Microarray (Arrystar v2.0) was used
to detect the expressions of 33,045 IncRNAs and 30,215
coding transcripts in 5 GBM and 5 normal brain samples.
Differentially expressed IncRNAs and mRNAs were identi-
fied through Volcano Plot filtering. The expressions of six
IncRNAs were further detected by qPCR to validate the
results of microarray. The function of differential mRNA
was determined by pathway and GO analysis, and the func-
tion of IncRNAs was studied by subgroup analysis and by
their physical or functional relationships with correspond-
ing mRNAs.

Results A total of 815 IncRNAs and 738 mRNAs are
found to be differentially expressed between the GBM
and normal brain groups. With the expression of these dif-
ferentially expressed genes, the two group samples could
be clearly differentiated. The result of qPCR has showed
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a good consistency with the microarray, thus proving the
accuracy of the microarray data. GO and Pathway analyses
have proved that the functions of differentially expressed
mRNAs in GBM related closely with many processes that
important in the cancer pathogenesis. Core IncRNAs and
mRNAs that may play important roles in the pathogen-
esis of GBM are revealed and listed according to various
methods.

Conclusion The GBM shows an aberrant expression
profile of IncRNA and mRNA. Potential core genes are
revealed by the IncRNA and mRNA interaction study based
on transcriptome profiles in GBM.

Keywords Long noncoding RNA - Messenger RNA -
Microarray analysis - Medical informatics

Abbreviations

GBM Glioblastoma multiforme

LncRNA  Long noncoding RNA

HOTAIR HOX antisense intergenic RNA

MALAT1  Metastasis-associated lung adenocarcinoma
transcript 1

MEG3 Maternally expressed gene 3

SAGE Serial analyses of gene expression

GAPDH Glyceraldehyde 3-phosphate dehydrogenase

FDR False discovery rate

GO Gene Ontology

KEGG Kyoto encyclopedia of genes and genomes
RVM ¢ test Random variance model ¢ test

lincRNAs  Large intervening noncoding RNAs

PRC2 The polycomb complex 2

ITSN1 Intersectin 1

UCSC University of California, Santa Cruz

HEIH LncRNA high expression in hepatocellular

carcinoma
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Introduction

Glioblastoma multiforme (GBM) is the most common
and biologically aggressive subtype of glioma. Even with
modern standards of treatment, which includes surgery,
followed by radiotherapy and Temozolomide-based chem-
otherapy, the prognosis of GBM is rather dismal and the
average survival time is only 14.6 months (Van Meir et al.
2010). To better understand and to find more effective treat-
ments for the disease, more studies have focused on the
head of the cancer pathogenesis, that is, the genome muta-
tions and transcriptome instability.

Once thought to be the dark matter of the human
genome, noncoding RNA has proven to be an important
component of the transcriptome. Long noncoding RNA
(IncRNA) is defined as transcript noncoding RNA with
more than 200 neucleotides. The number of it was counted
by tens or even hundreds of thousands. It is used to be con-
sidered as “junk” transcripts of the genome, but now more
and more discoveries have proven that it plays an impor-
tant role in the gene expression and function regulations,
and actively participates in many pathological processes in
human malignancies. For example, the well-studied HOX
antisense intergenic RNA (HOTAIR) is high expressed
in breast cancer and participates in the chromatin remod-
eling process (Gupta et al. 2010). Another example is the
Maternally expressed gene 3 (MEG3), which encodes a
IncRNA and is expressed in many normal tissues, but lost
in an expanding list of primary human tumors and tumor
cell lines (Zhou et al. 2012; Balik et al. 2013; Ying et al.
2013). These examples suggest that IncRNA may play an
important role in the genesis and development of cancers.

Efforts have been made to study the relationship between
the IncRNA expression and the GBM pathogenesis. Gibb
et al. (2011) compiled 272 human serial analyses of gene
expression (SAGE) libraries to study the IncRNA transcrip-
tion patterns across a broad spectrum of human tissues and
cancers. They found an extensive, tissue-specific IncRNA
expression in normal brain, and a highly aberrant IncRNA
expression in GBM. By performing a comparing of the
IncRNA expression profile in GBM and normal brain tis-
sues, Han et al. (2012) have found a significant change in
Peroxisome proliferator-activated receptor (PPAR) signal-
ing pathway in the GBM and found that ASLNC22381 and
ASLNC2081 might play important roles in the recurrence
and malignant progression of GBM. Whereas the compre-
hensive studies for IncRNA in GBM was still very lacking,
and our understanding of the roles of IncRNA in this high
malignant disease was very limited.

To systematically study the role of IncRNAs in glio-
blastoma, we built gene expression profiles of GBM and
normal brains using IncRNA and mRNA gene expression
microarrays. The differentially expressed genes in GBM
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were then filtered out. The functions of mRNAs were iden-
tified by pathway and GO analysis, and the functions of
IncRNAs were studied by their physical or co-expressing
relationships with the corresponding mRNAs. Genes that
may play potential core roles in the pathogenesis of glio-
blastoma multiforme were screened out based on multiple
research directions.

Materials and methods
Acquisition of clinical specimens and ethical standards

Glioblastoma specimens were obtained from archived tis-
sue samples derived from patients with GBM who under-
went surgical treatment at Changzheng Hospital, China,
from January 2012 to December 2012. Glioma was diag-
nosed according to the 2007 WHO Classification of Tumors
of the Central Nervous System. Normal brain tissues were
obtained from severe head trauma patients for whom partial
resection of normal brain was required for decompression
during surgery. Written informed consent of the patients
was provided by their legal surrogates to permit surgi-
cal procedures and use of resected tissues. This study was
undertaken with the understanding and written consent of
each subject, and that the study conforms with World Med-
ical Association Declaration of Helsinki published on the
website of the Journal of American Medical Association in
2013. The study was approved by the Specialty Committee
on Ethics of Biomedicine Research, Second Military Medi-
cal University of China.

Gene microarray

Arraystar Human IncRNA Microarray version 2.0 was
designed for the global profiling of human IncRNAs and
protein-coding transcripts. 33,045 IncRNAs and 30,215
coding transcripts were detected by the microarray. The
IncRNAs were collected from authoritative databases
including RefSeq, UCSC Knowngenes, Ensembl, and
related literatures. Each transcript was represented by a
specific exon or splice junction probe which can identify
individual transcript accurately. Positive probes for house-
keeping genes and negative probes were also printed onto
the array for hybridization quality control.

RNA labeling and array hybridization

Sample labeling and array hybridization were performed
according to the Agilent One-Color Microarray-Based
Gene Expression Analysis protocol (Agilent Technology)
with minor modifications. Brieflyy, mRNA was purified
from total RNA after removal of rRNA (mRNA-ONLY™



J Cancer Res Clin Oncol (2015) 141:827-838

829

Eukaryotic mRNA Isolation Kit, Epicentre). Then, each
sample was amplified and transcribed into fluorescent
cRNA along the entire length of the transcripts without
3’ bias utilizing a random priming method. The labeled
cRNAs were purified by RNeasy Mini Kit (Qiagen). The
concentration and specific activity of the labeled cRNAs
(pmol Cy3/mg cRNA) were measured by NanoDrop
ND-1000. One microgram of each labeled cRNA was frag-
mented by adding 11 pl 10x Blocking Agent and 2.2 pl
of 25x Fragmentation Buffer and then heated the mixture
at 60 °C for 30 min, finally, 55 nl 2x GE Hybridization
buffer was added to dilute the labeled cRNA. One hun-
dred microliters of hybridization solution was dispensed
into the gasket slide and assembled to the IncRNA expres-
sion microarray slide. The slides were incubated for 17 h
at 65 °C in an Agilent Hybridization Oven. The hybridized
arrays were washed, fixed, and scanned with using the Agi-
lent DNA Microarray Scanner (part number G2505B).

Data acquisition and processing

Agilent Feature Extraction software (version 10.7.3.1) was
used to analyze acquired array images. Quantile normaliza-
tion and subsequent data processing were performed with
the GeneSpring GX v12.0 software package (Agilent Tech-
nologies). After quantile normalization of the raw data,
IncRNAs and mRNAs that at least two out of ten samples
have flags in Present or Marginal (“All Targets Value™) were
chosen for further data analysis. Differentially expressed
IncRNAs and mRNAs with statistical significance between
the two groups were identified through Volcano Plot filter-
ing. Hierarchical Clustering was performed using the Agi-
lent GeneSpring GX software (version 12.0).

gPCR

Total RNA was extracted from 5 frozen GBM and 5 nor-
mal brain specimens using TRIzol reagent (Invitrogen Life
Technologies), and then reverse-transcribed using Fermen-
tas RT reagent Kit (Perfect Real Time) according to the
manufacturer’s instructions. Two microgram of total RNA
was converted to cDNA according to the manufacturer’s
protocol. LncRNAs expression was measured by qPCR
using SYBR Premix Ex Taq on MX3000 instrument. The
primers used in this study were shown in Table S1. PCR
was performed in a total reaction volume of 8 1, includ-
ing 5 pl 2x PCR master mix(Superarray), 0.5 pl of PCR
Forward Primer (10 uM), 0.5 w1l of PCR Reverse Primer
(10 uM), 2 ul of cDNA, and diluted to 8 1 with double-
distilled water. The quantitative real-time PCR reaction
was set at an initial denaturation step of 10 min at 95 °C;
and 95 °C (10 s), 60 °C (60 s), 95 °C (10 s) in a total 40
cycles, with a final step heating slowly from 60 to 99 °C.

All samples normalized to GAPDH to calculate relative
IncRNA concentrations.

GO and pathway analysis for the differentially expressed
mRNA

Differentially expressed mRNAs screened by Volcano
Plot filtering were further studied with Gene Ontology
(http://www.geneontology.org), and KEGG (http://www.
genome.jp/kegg) database to study the functions of the
genes and to find the pathways they participated. The p
value cut-off was defined as 0.05.

LncRNA classification and subgroup analysis
Enhancer LncRNAs profiling

LncRNAs with enhancer-like function are identified using
GENCODE annotation of the human genes (Harrow et al.
2006; Orom et al. 2010). All these IncRNAs with enhancer-
like function were analyzed in the microarray dataset, and
the IncRNAs with large fold changes (>2) and small p val-
ues (<0.05) between the GBM and normal brain groups
were filtered out.

Rinn lincRNAs profiling

Rinn et al. developed an approach for identifying IncR-
NAs based on a distinctive chromatin signature that marks
actively transcribed genes (Guttman et al. 2009; Khalil
et al. 2009). With the method, they have found 3,289 lincR-
NAs which could bind to the chromatin proteins and show
clear evolutionary conservation. All probes for lincRNAs
based on John Rinn’s papers were included in our study
and further analysis was made to filter out differentially
expressed 1lincRNAs in the scope.

HOX cluster profiling

Rinn et al. (2007) characterized the transcriptional land-
scape of the four human Hox loci and identified a total of
407 discrete transcribed regions in the four Hox loci. Anal-
ysis was made to study the profiling data of all probes tar-
geting these 407 discrete transcribed regions in our micro-
arry dataset. The IncRNAs in the scope with large fold
changes (>2), and the small p values (<0.05) between the
GBM and normal brain groups were filtered out.

LincRNAs nearby coding gene co-expression analysis
The differentially expressed IncRNAs and mRNAs were

screened, respectively, then the positions of these genes
in the chromatin were signed, and the physical distances
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between any nearby pairs of IncRNA and mRNA were
calculated. When the expressions of the lincRNA and
its nearby coding genes were both changed (either up or
down) more than twofold, and the distance between them
was <200 kb, they were characterized.

Enhancer LncRNAs nearby coding gene co-expression
analysis

Similarly, this analysis was based on the co-expression
relationship between the differentially expressed enhancer-
like LncRNAs and their nearby (distance <300 kb) coding
genes. When the expressions of the enhancer-like lincRNA
and its nearby coding gene were both changed (either up or
down) more than twofold, they were characterized.

LncRNA and mRNA interaction network analysis

Random variance model (RVM) t test to filtering the
differentially expressed genes

The RVM r test was applied to filter the differentially
expressed genes for the control and experiment group
because the RVM ¢ test can raise degrees of freedom effec-
tively in the cases of small samples. After the significant
analysis and False discovery rate (FDR) analysis, the dif-
ferentially expressed genes were selected according to the
p value threshold (p < 0.05) (Wright and Simon 2003; Yang
et al. 2005; Clarke et al. 2008).

Co-expression network

The co-expression Networks were built according to the
normalized signal intensity of specific expression genes.
For each pair of genes, the Pearson correlation was calcu-
lated, and the significant correlation pairs were chosen to
construct the network (Prieto et al. 2008). The gene co-
expression network was constructed in GBM and normal
brain group, respectively. Within the network analysis, a
degree is the simplest and most important measure of the
centrality of a gene within a network and determines the
relative importance. A degree is defined as the number
of directly linked neighbors. Degree in GBM group was
recorded as exp_degree, which in normal brain group was
recorded as con_degree. A clustering coefficient is a meas-
ure of the degree to which nodes in a graph tend to cluster
together. It was calculated by the local measure (Watts and
Strogatz 1998). To exclude other genes’ impact in each co-
expression network, we further performed normalization of
the degree, i.e., divided by the maximum value of the gene
degree in each network [Normalized degree(i) = Degree(i)/
Degree(Max)]. Then, the difference value of a gene’s nor-
malized degree (delta normalized degree, represented as
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IdiffKl) was calculated between the two co-expression
networks.

Results

Glioblastoma demonstrates significantly altered IncRNA
and mRNA expression patterns comparing with that of the
normal brain

The IncRNA and mRNA expression profiles were detected
in 5 GBMs and 5 normal brain tissues (GEO dataset:
GSE51146). Volcano Plot filtering has found 526 IncRNAs
and 395 mRNAs to be up-regulated in the GBM samples
comparing with the normal brain samples (fold change
>2, and p < 0.05). On the other hand, 289 IncRNAs and
343 mRNAs were found to be down-regulated in the GBM
group comparing with the normal brain group (fold change
>2, and p < 0.05) (Fig. 1, table S2 and S3). The Hierar-
chical Clustering analysis found that with the expression
of these genes, the samples could be clearly classified
into two groups, i.e., the GBM and Normal brain group
(Fig. 2).

Real-time quantitative PCR showed a good consistency
of the result with the microarray data

The detection of the expression level of selected six IncR-
NAs (ENST00000411660, NR_026664, HIT000337391,
ENST00000451515,NR_015392, and uc002cds.2) by
qPCR showed a good consistency with the microarray
results (Fig. 3).

Many key genes and pathways are involved in the
pathogenesis of glioblastoma revealed by GO
and pathway analysis

GO analysis reveals the functions of differential expressed
(both up-regulated and down-regulated) mRNA in GBMs
(Figure S3). It could be found that the functions of these
mRNAs are related with many processes that important
in the cancer pathogenesis, such as homophilic cell adhe-
sion, cell-cell adhesion, calcium ion binding, p53 bind-
ing, 1-phosphatidylinositol binding, transcription regula-
tor activity. Pathway analysis shows that the up-regulated
mRNAs are participated in DNA replication, cell signal-
ing (Focal adhesion, Bacterial invasion of epithelial cells,
T cell receptor signaling pathway, etc.), and processes in
many malignant cancerous disease (human renal cell carci-
noma, chronic myeloid leukemia, etc.). On the other hand,
pathways that the down-regulated mRNAs involved in refer
to RNA degradation, primary immunodeficiency, long-term
depression, etc. (Table 1).
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Fig.1 Box plot of mRNA (a) and IncRNA (d). They are used to
look at and compare the distributions of gene expression values
in the samples after normalization. Scatter plot of mRNA (b) and
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Fig. 2 Hierarchical cluster-
ing of mRNA (a) and IncRNA A
(b) by Z-score method. Based
on the expression levels of
mRNAs or LncRNAs, the ten
samples could be classified into
two groups (GBM and normal
brain). The dendrogram shows
the relationships among the
expression levels of samples
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Fig. 3 Comparing of the microarray and qPCR results. The qPCR
results of selected six IncRNAs (ENST00000411660, NR_026664,
HIT000337391, ENST00000451515,NR_015392, and uc002cds.2)
showed a good consistency with the microarray data

Subgroup analysis revealed lists of IncRNA and mRNA
that may play important roles in GBM

Enhancer LncRNAs profiling

A total of 48 differentially expressed IncRNAs with
enhancer-like function between the GBM and normal brain
groups are filtered (fold change >2 and p < 0.05). The top
10 up- and down-regulated enhancer IncRNAs were listed
in Table 2.

Table 1 Pathways related with the differentially expressed mRNA

Rinn lincRNAs profiling

A total of 84 lincRNAs which show a distinctive chroma-
tin signature and a clear evolutionary conservation were
filtered out based on John Rinn’s paper (fold change >2
and p < 0.05). The top 10 up- and down-regulated IncRNAs
were listed in Table 3.

HOX cluster profiling

A total of 11 differentially expressed lincRNAs with dis-
crete transcribed regions in the four Hox loci were charac-
terized (fold change >2.0, p value <0.05), listed in Table 4.

LincRNAs nearby coding gene data analysis

Five pairs of lincRNA and its nearby coding gene were
found to be changed more than twofold simultaneously
(Table 5).

Enhancer LncRNAs nearby coding gene data analysis

Five pairs of enhancer IncRNA and its nearby coding gene
were found to be changed more than twofold at the same
time (Table 6).

Core IncRNAs in glioblastoma were revealed by analyzing
their co-expression relationship with mRNAs

The co-expression network of mRNA and IncRNA was
constructed in glioblastoma and normal brain group,
respectively, according to the similarity of gene expres-
sion patterns in each group. (Figure S2: mRNA-IncRNA

Pathway ID Definition

Fisher-p value Count Regulation Genes

hsa03030  DNA replication 0.005
hsa05211  Renal cell carcinoma 0.012
hsa05100  Bacterial invasion of epithelial cells 0.012
hsa05220  Chronic myeloid leukemia 0.014
hsa04510  Focal adhesion 0.016
hsa04660 T cell receptor signaling pathway 0.019
hsa00250  Alanine, aspartate and glutamate metabolism 0.024
hsa04012  ErbB signaling pathway 0.027
hsa05340  Primary immunodeficiency 0.030
hsa03018  RNA degradation 0.010
hsa05340  Primary immunodeficiency 0.027
hsa04730  Long-term depression 0.041
hsa00860  Porphyrin and chlorophyll metabolism 0.045
hsa04962  Vasopressin-regulated water reabsorption 0.048

36 Up MCM7//POLD2//RFC2//RNASEH2A
70  Up AKT1//CREBBP//CRK//PAK7//PGF
71 Up CBLC//CRK//ITGB1//SHC1//VCL
73 Up AKT1//CBLC//CDK4//CRK//SHC1
200  Up AKT1//COL1A2//CRK//ITGB1//
LAMBI1//PAK7//PGF//SHC1//VCL
108  Up AKT1//CBLC//CDK4//LCK//PAK7//ZAP70
32 Up ASS1//CAD//TLAIL
87 Up AKT1//CBLC//CRK//PAK7//SHC1
35 Up DCLREIC//LCK//ZAP70
71  Down BTG3//CNOT7//DDX6//ENO2//LSM5
35  Down ADA//CD3D//JAK3
70  Down GNAS//GNAZ//GUCY1A3//PLA2G12A
43 Down BLVRB//FTH1//UROS
44 Down DYNCI1I1//GNAS//VAMP2
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gﬁggﬁ j’g Enhancer LncRNAs Seqname Genesymbol Fold change p value Regulation RNA length Chrom Strand
ENST00000443030 AC092168.4 6.262 0.000  Up 236 chr2 -
ENST00000450264 RP11-90M5.4  4.985 0.001 Up 575 chrl3 —
NR_027115 LOC285768 4.924 0.002  Up 2356 chr6 —
uc002taj.1 BC105019 4915 0.003  Up 3,115 chr2 +
ENST00000433036 AC133528.2 4.636 0.000 Up 415 chr2 +
ENST00000444217 AC013472.6 4.536 0.001 Up 407 chr2
ENSTO00000512967 AL031123.1 4.268 0.001  Up 2,641 chr6 -
ENSTO00000412134 AC022311.1 4.033 0.003  Up 2,663 chr2 -
ENST00000413504 AC011718.3 3.940 0.001  Up 375 chr22 +
ENST00000413271 RP11-547C13.1 3.864 0.001  Up 419 chr9 +
ENST00000430058 RP11-23B15.1  3.707 0.021  Down 204 chr9 —
ENST00000446115 RP11-439L18.3 3.359 0.030  Down 783 chr6 —
AKO026168 - 3.288 0.012  Down 2,638 chr6 —
ENST00000456771 RP11-540K16.2 2.391 0.022  Down 532 chrl -
ENSTO00000457321 RP5-101101.3  2.366 0.025 Down 684 chrl +
ENSTO00000418471 RP1-212P9.3 2.361 0.032  Down 1,085 chrl -
ENSTO00000419300 RP11-492E3.1  2.200 0.016  Down 1,959 chr9 +
ENST00000412439 RP11-810B23.1 2.066 0.021  Down 187 chrl0 —
Table 3 Rinn lincRNAs profiling
Seqname Genesymbol Fold change p value Regulation RNA length Chrom Strand
AAT782034 lincRNA-CDH11-3 27.386 0.000 Up 196 chrl6 —
DB340248 lincRNA-KCNKO9-1 12.967 0.000 Up 555 chr8 +
chr2:238206264-238224402 lincRNA-COL6A3-4 11.109 0.000 Up 18,139 chr2 +
BE675158 lincRNA-DTL 10.074 0.024 Up 327 chrl —
DB335899 lincRNA-TMEM177 9.648 0.001 Up 513 chr2 —
uc002vje.1 BC038542 7.114 0.002 Up 1,008 chr2 —
ENSTO00000507299 CTD-2325B11.1 6.392 0.004 Up 430 chr4 -
exon3667- lincRNA-FRMD1-3 6.216 0.000 Up 331 chr6 —
NR_026966 LOC100130691 5.811 0.000 Up 5,223 chr2 —
uc003ejk.2 BX537548 5.136 0.001 Up 3,078 chr3 —
AA368654 lincRNA-OPTC 4.219 0.002 Down 281 chrl —
AK126994 lincRNA-PLEKHM1-2 3.629 0.038 Down 3,857 chrl7 —
ENST00000446115 RP11-439L18.3 3.359 0.030 Down 783 chr6 —
ENSTO00000515084 AC007333.1 3.249 0.034 Down 1,972 chrl6 +
uc003tud.1 LOC441242 3.230 0.020 Down 1,419 chr7 -
NR_002766 MEG3 3.064 0.029 Down 1,595 chrl4 +
ENST00000441363 RP11-398K22.12 3.059 0.016 Down 2,403 chr6 +
ENST00000512693 CTD-2587M2.1 2.766 0.030 Down 5,471 chr5 —
chr5:15021475-15045700- lincRNA-ANKH 2.689 0.034 Down 24,226 chr5 —
FN143838 lincRNA-MMP17 2.636 0.008 Down 91 chrl2 +

co-expression network in glioblastoma; Figure S3: mRNA-
IncRNA co-expression network in normal brain tissues)
The nodes in the figures stand for the genes, and the lines
between nodes stand for the relationship between the
genes. The node size is on behalf of the gene’s degree. The
greater the degree is, the more interactions between the

target gene and other genes. The clustering coefficient is
on behalf of the density of an area of the network. Genes
with greater clustering coefficient indicates the region of
this gene is more important for the regulation of whole
network. Genes with a large degree value and clustering
coefficient in normal brain and GBM samples (clustering
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Table 4 HOX cluster profiling Seqnamen/Genesymbol Fold change  p value Regulation RNA length Chrom Strand
nc-HOXC11-109 3.110 0.001 Up 1,088 chrl2 +
nc-HOXD4-34 3.075 0.009 Up 158 chr2 +
nc-HOXDO-18 2.827 0.048 Up 178 chr2 —
nc-HOXC11-110 2.591 0.013 Up 838 chrl2 -
nc-HOXA11-91 2.520 0.010 Up 118 chr7 -
nc-HOXB9-201 2.094 0.026 Up 238 chrl7 —
nc-HOXB2-164 2.088 0.047 Up 1,039 chrl7 —
nc-HOXC5-254 2.748 0.019 Down 128 chrl2 -
nc-HOXC11-116 2.655 0.012 Down 228 chrl2 +
nc-HOXA1-54 2.156 0.036 Down 128 chr7 +
nc-HOXA4-61 2.067 0.022 Down 158 chr7 +
Table 5 LincRNAs nearby coding gene data table
Genesymbol p value— Fold change— Regulation— Nearby p value— Fold change— Regulation—
LncRNAs LncRNAs LncRNAs Genesymbol mRNAs mRNAs mRNAs
lincRNA-CRH-1 0.044 2.102 Up TRIMSS 0.030 2.082 Up
CR626360 0.002 2.251 Up ITSN1 0.016 2.069 Down
BC038542 0.002 7.114 Up ANKZF1 0.012 2.265 Up
lincRNA-TMEM177 0.001 9.648 Up PCDP1 0.025 2.793 Up
lincRNA-CRH-1 0.044 2.102 Up DNAIJCSB 0.016 6.728 Up
Table 6 Enhancer LncRNAs nearby coding gene data table
Genesymbol p value— Fold change— Regulation— Nearby p value— Fold change— Regulation—
LncRNAs LncRNAs LncRNAs Genesymbol mRNAs mRNAs mRNAs
AC133528.2 0.000 4.636 Up NEU4 0.015 2.811 Down
CR626360 0.002 2.251 Up ITSN1 0.016 2.069 Down
AC051649.6 0.037 2.083 Up SYT8 0.015 2.602 Up
AC051649.6 0.037 2.083 Up LSP1 0.000 5.347 Up
AC013472.6 0.001 4.536 Up CAD 0.001 4.358 Up
coefficient >0.6, Degree >40) were listed in table S4 and Discussion

table S5, respectively.

The critical change of co-expression status of a gene
between the co-expression network of GBM and normal
brain suggests that the expression of the gene very possibly
undertakes a pivotal change in the process of GBM patho-
genesis (Carlson et al. 2006). Gene like this may play an
important role in the GBM’s genesis and development, so
a way to find these genes is to select the genes that have the
most pivotal changes in the co-expression network of the
GBM compared with that of the normal brain. Through ana-
lyzing the changes of co-expression status of genes between
the GBM and Normal brain samples, we have got a list of
genes (IdiffKI > 0.6) that may participate in the pathogenesis
of GBM and deserves for further study (Table 7).
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With the completion of the human genome project, it
has been found that the number of total protein-encoding
genes in human is <20,000, nearly equals to that of the
lower organisms like Caenorhabditis elegans (Birney et al.
2007). Coding genes accounts for <2 % of the entire human
genome sequence and the function of the remaining 98 %
was largely unknown. In fact, it has been found that 90 %
of these noncoding sequences are transcribed, produc-
ing a huge number of noncoding RNA, in which 80 % are
IncRNA.

The abundance of IncRNA has effectively doubled the
number of potential gene targets in cancer gene expression
networks. Large scale, high-throughput studies are crucial
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Table7 Potential key genes Seqname Genesymbol  Style Exp_Degree  Con_Degree IDiffKI Regulation

founded by IncRNA-mRNA

co-expression network analysis uc002cds _ Noncoding 1 48 0.978 Up
ENST00000467932 - Noncoding 4 46 0.869 Up
NM_001040167 LFNG Coding 2 39 0.768 Up
NM_052966 FAMI129A Coding 2 39 0.768 Up
NM_001003796 NHP2L1 Coding 3 39 0.746 Up
NM_001166349 SLC26A11 Coding 5 39 0.701 Up
NM_014877 HELZ Coding 36 5 0.696 Up
NM_007191 WIF1 Coding 6 39 0.679 Up
NM_014808 FARP2 Coding 6 39 0.679 Up
NM_032901 C12orf62 Coding 35 0.632 Up
NM_005195 CEBPD Coding 45 0.958 Down
NM_015374 SUN2 Coding 42 0.850 Down
ENST00000480072  — Noncoding 6 47 0.846 Down
NM_000801 FKBPIA Coding 43 0.831 Down
NR_003191 - Noncoding 45 0.813 Down
ENSTO00000457576 - Noncoding 35 0.715 Down
NM_053045 TMEM203 Coding 34 0.693 Down
NM_014248 RBX1 Coding 41 11 0.682 Down
NM_001064 TKT Coding 37 8 0.656 Down

to understanding the regulation of IncRNA expression
in cancer. Glioma is the most common cancer in central
neurological system, and GBM is the most common and
aggressive form of that. A systematic study on IncRNA in
GBM is not only beneficial to find more valuable targets
for prognosis predicting and therapeutic intervention for
this disease, but also help to develop new types of anti-
cancer drugs, for example, using large antisense RNA to
silent the expression of oncogenes (Morris 2009), or tar-
geting IncRNA protein interactions to interfere the expres-
sion of certain molecules (Tsai et al. 2011). In this study,
by IncRNA and mRNA gene expression microarray, we
have built the complete IncRNA and mRNA expression
profiles of 5 GBMs and 5 Normal brains. Then, the dif-
ferentially expressed IncRNAs and mRNAs were filtered
by Volcano Plot method. A total of 815 IncRNAs (526 up-
regulated and 289 down-regulated) and 738 mRNAs (395
up-regulated and 343 down-regulated) are found to be dif-
ferentially expressed between the GBM group and normal
brain group. With the expression of these genes, the two
group samples could be clearly differentiated by Hierarchi-
cal Clustering. We selected six IncRNAs and detected their
expressions with qPCR. The result of qPCR has showed
a good consistency with the microarray, thus proving the
accuracy and reliability of the microarray data. In the next
step, the main problem is how to filter out key targets pos-
sibly associated with tumor pathological process from
these differentially expressed genes. We have used a series
of methods to identify the possible key targets of potential
research value.

With Gencode annotation, Orom et al. (2010) has iden-
tified more than 3,000 IncRNAs to be expressed in vari-
ous human cell lines and tissues. By depletion of a num-
ber of these IncRNAs and by reporter assays, they have
proved that these IncRNAs exhibit functions similar to
classically defined enhancers. Enhancers are important
elements regulating the gene expression, many of which
may participate in the pathological mechanisms of can-
cers. Therefore, we analyzed our microarray data to
screen the significantly differentially expressed IncRNAs
with enhancer-like function in our GBM and normal brain
samples. The targets with the biggest fold changes and the
smallest p values were listed, which could be worthy for
further study.

By a new approach using chromatin-state maps, Gutt-
man et al. (2009) has identified nearly 1,600 large inter-
vening noncoding RNAs (lincRNAs) which show
strong purifying selection in their genomic loci, exonic
sequences, and promoter regions, with greater than 95 %
showing clear evolutionary conservation. Although the
absence of evolutionary conservation cannot prove the
absence of function, the IncRNAs with markedly high rate
of conservation are most likely to be functional. Rinn et al.
had proved that some of these lincRNAs are transcription-
ally regulated by key transcription factors and defined a
unique collection of functional lincRNAs that are highly
conserved and implicated in diverse biological process. We
detected the probes listed in Rinn’s article and screened
a list of lincRNA differentially expressed in our GBM
samples.
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By ideas similar to the above, we examined the expres-
sions of IncRNA associated with the Hox loci in this data
set. The classic case in the study of Hox-loci-associated
IncRNAs is the finding of HOTAIR. It has been found
in a recent study that in the progression of breast cancer,
systemic dysfunctions were found in the IncRNAs associ-
ated with the Hox loci. One of these IncRNAs, named as
HOTAIR, is abnormally over-expressed in the primary
tumors and metastases and can be used as a direct predictor
for the risk of breast cancer metastasis and poor survival of
the patients. Up-regulating the HOTAIR expression causes
a pan-genome rearrangement of PRC2 binding mode, leads
to the opening of a series of genes, and thus increases the
invasion and metastasis of cancer cells. Instead, knocking
down its expression inhibits the tumor cell invasion, espe-
cially for those cell lines with an increased activity of PRC2
(Gupta et al. 2010). In Glioblastoma, we have also found
an aberrant expression profile of the Hox-loci-associated
IncRNAs compared with that of the normal brain. Apparent
up-regulation was found in genes like nc-HOXC11-109,
and noticeable down-regulation was found in genes like
nc-HOXC5-254. It is possible to find in glioma some key
genes with a similar action of HOTAIR in further in-depth
study.

Not like mRNA, a difficulty in IncRNA study is that
the functions of most of the IncRNAs are not determined,
and there is no existing database could be used to find their
functional annotations. To solve this problem, we have tried
to construct a correlation between mRNA and IncRNA, so
the functions of IncRNA could be indirectly determined by
the study of its corresponding mRNA. First, by GO anno-
tation and Pathway analysis, we made a systemic analysis
for the functions of the differentially expressed mRNAs.
The results showed that the functions of these targets
related closely with many aspects of tumor progression and
involved in many cancer-associated pathways. This shows
that the differential mRNAs screened by the gene microar-
ray analysis are closely related with the cancer pathogen-
esis, which may very possibly contain a lot of key genes
in GBM. Then, we have established the contact of IncRNA
and mRNA in two ways: One way is to use the physical
adjacency of the mRNA and IncRNA, and the other is to
use the relationship of co-expression pattern among genes.

Acting to the adjacent genes is at least one mechanism
for the IncRNA to play its regulatory role, although dis-
tant targets could also be regulated by some IncRNAs in
a lot of circumstances. We made a co-expression analy-
sis for the mRNA and its adjacent (<300 kb) lincRNA or
enhancer-like IncRNA. When the expressions of both are
significantly changed in GBM, it very likely indicates
there is some interaction between the mRNA and its adja-
cent IncRNA. In this way, we have determined some IncR-
NAs like AC133528.2, CR626360, and AC051649.6 as the
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targets for further study. It is noteworthy that some corre-
sponding mRNA related closely to cancers, such as ITSN1
(Ma et al. 2010, 2011; Russo and O’Bryan 2012), NEU4
(Yamanami et al. 2007; Shiozaki et al. 2011; Tringali et al.
2012), LSP1 (Gorodnova et al. 2010; Vachon et al. 2012),
and CAD (Otsuki et al. 1981; Morin et al. 2012). It sug-
gests that the associated IncRNAs of these genes may play
important roles in GBM.

The principle of co-expression network study is that by
comparing the similarity or difference of the expression
pattern of any two genes among samples, whether there is
any correlations between them could be determined (Pujana
et al. 2007). If the expression pattern of a gene shows an
identical or opposite curve with one another, there is likely
to be some interaction between the two genes. By bioin-
formatics analysis, the co-expression network in cancer
and control groups were, respectively, constructed, and by
comparing the differences between them, potential core
genes could possibly be identified (Carlson et al. 2006).
With this method, Yang et al. (2011) has successfully found
a key IncRNA called HEIH in Hepatocellular Carcinoma.
In the present study, we used the same method to find a list
of IncRNAs and mRNAs, in which very possibly contains
some key transcripts closely related to the pathogenesis of
GBM.

The study on IncRNA has greatly expanded the field of
gene research in GBM. We look forward to more targets to
be found to give more hopes for the ultimate cure of this
common and high malignant disease in the central nervous
system.
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