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LncRNA expression profiles reveal the co-expression
hetwork in human colorectal carcinoma
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Abstract: Colorectal carcinoma (CRC) is the most common cancer of the gastrointestinal tract with high prevalence,
and the poor prognosis of this disease lead to the high mortality rates. The aim of this study was to characterize the
mechanism of CRC tumorgenesis and progression, and to screen the potential biomarker for CRC diagnosis. Expres-
sion profiles of MRNA and LncRNA of CRC tumor samples and it para-tumor samples were obtained with microarray
technology. Co-expression network reveals several genes, such as CEACAM1, DHRS11, HNF4A, HGRLOS, MUC4 and
TTN, were related to CRC, these genes play important roles in the progression of CRC and some have been suggest
association with tumor cell transformation. Furthermore, significance analysis of all the gene expression profiling
was performed. Functional annotation analysis reveals that differentially expressed genes were related to immune
pathway and p53 signaling pathway which includes TP53 and CDKN2A. GO enrichment analysis reveal that DEGs
were involved in kinase activity categories and epidermal growth factor. In total, our study described the transcrip-

tome profile characteristic and providing clues for CRC researches.
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Introduction

Colorectal carcinoma (CRC) is the third leading
cause of cancer death worldwide [1, 2]. It
accounts for about 80% of primary CRC cases
and approximately two thirds of them are diag-
nosed at an advanced stage [2]. The poor prog-
nosis of this disease is partially due to the lack
of an effective means of early diagnosis.
Discovery of an effective and reliable tool for
early diagnosis of CRC would play a pivotal role
in improving the prognosis of patients with
CRC. However, the molecular pathogenesis of
CRC remains to be elucidated.

Long non-coding RNAs (long ncRNAs, InCRNA)
are non-protein coding transcripts longer than
200 nucleotides which can localize and func-
tion in the nucleolus, nucleus and in the cyto-
plasm [3]. It has been identified that the major-
ity of protein-coding genes have antisense part-
ners, including many tumour suppressor genes
that are frequently silenced by epigenetic
mechanisms in cancer [4]. A detailed analysis
showed the p15 antisense ncRNA (CDKN2BAS)
was able to induce changes to heterochromatin

and DNA methylation status of pl5 by an
unknown mechanism, thereby regulating p15
expression. Moreover, IncRNA dysregulation
was involved in the development and progres-
sion of a variety of types, such as gastric cancer
[5], breast cancer [6] and prostate cancer [7].
The IncRNAs are identified as tumor driving
oncogenic IncRNAs and tumor suppressor. They
play an important role in cell growth, apoptosis,
cell migration and invasiveness as well as can-
cer cell stemness. In recent studies, INcRNAs
could be used as a new prognostic marker to
predict clinical outcomes of cancer patients [8].
Therefore, it is intriguing to analyze IncRNA
expression profile, mMRNA expression pattern
and their regulation network in human colorec-
tal carcinoma.

LncRNA and mRNA expression profile array is a
powerful method to identify biological markers
that has been applied in many cancer research-
es including lung cancer [9], glioma [10] and
prostate cancer [11, 12]. It allows us to com-
pare the whole-trascriptome expression pro-
files between tumor and normal sample pairs to
reveal the alteration of LncRNA and mRNA pro-
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files related to tumor genesis of CRC. Here we
adopted this method to investigate IncRNA and
MRNA expression profile in CRC, differentially
expression genes and GO and pathway enrich-
ment analysis was performed. Furthermore,
IncRNA and mRNA co-expression network in
CRC was constructed. Our study provided a
clue for prognostic marker prediction research
in CRCs.

Materials and methods
Patients and total RNA preparation

Inc-RNA and mRNA expression of tumor and
adjacent non-tumorous tissues was investigat-
ed in 3 participants. Written informed consents
were obtained from all subjects before recruit-
ment. Patients were diagnosed based on the
clinical manifestations, endoscopy, and pathol-
ogy, confirmed by two gastroenterologists.
Colonic biopsy specimens were obtained from
all subjects during surgical operation. Total
RNA from patients’ colonic tumor and para-
tumor mucosa were extracted by Total RNA
Extraction Kit (SLNco, Cinoasia, China). All RNA
samples were examined by Bioanalyzer 2100
QC (Agilent, USA) with RIN > 7.

Lnc-RNA and mRNA expression profiling

Three para-tumor/tumor pairs of CRC Inc-RNA
and mRNA data were obtained by Human 8 x
60K LncRNA microarray (Arraystar, USA), raw
data was normalized with robust Multi-array
Analysis (RMA) algorithm for background cor-
rection and expression level summarisation,
then normalized data was log2 scaled which
enable the comparison between para-tumor
and tumor samples. Data pre-processing,
Pearson correlation coefficient, and Hierar-
chical clustering analysis calculated by “ward”
method were performed in the R (www.r-project.
org/) environment with its “base” function and
“stat” packages.

Differential expression analysis

Differential expression of genes between tumor
samples and matched para-tumor samples
were performed by calculating fold changes
using the normalized value of each transcript
between tumor and matched para-tumor sam-
ples, and statistical significance of differential-
ly expressed genes was presented by calculat-
ing a t test p-value. Then, significance of a dif-
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ferentially expressed IncRNA/mRNA between
two samples was determined according the
threshold of fold change larger than 2 and
p-value was less than 0.01.

KEGG pathway enrichment analysis of differ-
entially expressed genes

Up-regulated genes and down-regulated genes
identified by comparing gene expression
between tumor and para-tumor samples were
used to query the KEGG pathway database to
determine the biological function of these
DEGs. Enriched pathway was determined by
both significant fisher exact test (p-value <
0.05), and at least 3 differentially expressed
genes were involved in the pathway. The path-
way enrichment analysis was performed by
using “KEGG.db” and “KEGGprofile” packages
in R project.

Co-expression gene network analysis

Gene co-expression networks were built accor-
ding to the normalized signal intensity of spe-
cific expressed genes. In order to get rid of
genes with low information content a combined
filter based on between-sample variability and
gene minimal signal was used. The filter leaves
out only those gene probe sets that fulfilled
both of the two following conditions: 1%: Genes
which have an expression difference or variabil-
ity between samples (DExpgihighest-lowest)
lower than the median of all the expression dif-
ferences calculated for each gene; 2" Genes
which have a mean expression signal between
samples (mean Exp samples) lower than the
median of all the expression signals calculated
for each gene. We constructed the network
adjacency between two genes, i and j, defined
as a power of the Pearson correlation between
the corresponding gene expression profiles. By
computing the correlation coefficient of these
genes, we obtained the gene-gene co-expres-
sion adjacency matrix, M (i, j) that only genes
with the strongest correlations (0.99 or greater)
were selected to drawn in co-expression net-
work graphs.

Results
Gene expression profiling of colon cancer
The expression of 26,109 protein coding tran-

scripts and 30,586 IncRNAs of colon cancer
were detected with Human LncRNA Microarray
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Figure 1. Differential expression of IncRNAs and mRNAs in CRC and hierar-
chical clustering analysis for of 254 mRNAs (left) and 174 IncRNAs (right)
that were differentially expressed between CRC samples (ca, cancer tissues)
and nontumor samples (greater than 2.0-fold; P < 0.01). Expression values
are represented in colors of red and green which indicates expression above
and below the median expression value across all samples (log scale 2),

respectively.

(V3.0). Gene expression fold change and t test
were performed by comparing cancer group
with the control group. Differentially expressed
transcripts (DET) were selected according to
the cutoff of t test p value less than 0.05 com-
bined with fold change larger than 1.5. Totally,
224 mRNA and 180 IncRNA were identified as
differentially expressed transcripts. The tran-
scripts expression change range from 2.0 to
13.0 folds for mRNA and change from 2.0 to
13.4 folds for IncRNA expression. Both the
number and range of change of mRNA and
INcRNA expression between tumor and normal
are very similar. The heat map in Figure 1 shows
the hierarchical clustering analysis of differen-
tially expression genes in tumor and normal
samples.

Pathway enrichment analysis and GO annota-
tion with DETS

In order to reveal the biological process chang-
es between tumor and normal samples, the
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2322 pathway enrichment analysis
and GO annotation were per-
formed. The 224 differentially
expressed transcripts were
using to query the KEGG data-
13.965 base and GO annotation data-
base, significantly enriched
KEGG database with fisher
exact p value < 0.05 were list-
edinTable 1. The top enriched
pathway is primary immuno-
deficiency, and T cell B cell
receptor signally pathways
were also enriched which may
indicates the immunology
changes are related to colon
tumorogenesis. CD30, CD3E,
CD72, CD2 and IL7R genes
were involved in these immu-
ne pathways. In addition,
TP53 and CDKN2A involved in
TP53 signaling pathway were
significantly affected. Cell ad-
hesion molecules signaling
pathway play a pivotal role in
the development of recurrent
invasive, and distant metasta-
sis of cancer was significantly
affected, HLA-DOB and HLA-F
were involved in the pathway
changes. The results of mo-
lecular function of GO annota-
tion were listed in Table 2. Most of differentially
expressed mRNAs are belong to the kinase
activity categories. Several genes also related
to epidermal growth factor (GO:0005154) and
transcription factor (GO:0003700). The func-
tion annotation analysis reveals the relation-
ship between gene expression alteration of
immune and cancer pathway and tumor-
genesis.

6.193

Co-expression analysis reveal gene interaction
in colon cancer

Gene co-expression analysis assumes that
genes with similar expression patterns are
hypothesized to have similar functions or
involved in same biological process. In order to
reveal the interaction between mRNA and
IncRNA in colon cancer, we constructed three
co-expression networks. Co-expression net-
works could cluster thousands of transcript into
a functional modules based on the correlation
of gene expression. Co-expression modules
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Table 1. Pathway enrichment analysis of mMRNA

Pathway Genes P Value

Primary immunodeficiency DCLRE1C, CD3D, CD3E, IL7R, BTK 2.25E-03
Hematopoietic cell lineage CD3D, CD3E, IL4R, CD2, ITGA4, IL7R 1.21E-02
Cell adhesion molecules (CAMs) CD2, CTLA4, CLDN2, ITGA4, SELPLG, HLA-DOB, HLA-F 1.91E-02
p53 signaling pathway TP5313, CDKN2A, RPRM, TP53, SFN 2.34E-02
T cell receptor signaling pathway PTPNG, CD3D, CD3E, CTLA4, MALT1, VAV2 2.95E-02
B cell receptor signaling pathway PTPNG, MALT1, CD72, VAV2, BTK 3.22E-02

may relate to biological function. As shown in
Figure 2, each gene corresponds to a node.
Two genes are connected by an edge, indicat-
ing a strong correlation (i.e., either positive or
negative). Within the network analysis, we
focused on the genes that are interacted with 5
more other genes. CEACAM1, DHRS11, HNF4A,
HGRLOS, FAM13C and UTY are hub genes in
the network.

Discussion

The abnormal expression of mMRNA and IncRNA
is associated with many cancer types, and in
this study, we investigated the significantly dif-
ferential expressed mMmRNA and IncRNA in
human colon cancer, compared to the corre-
sponding normal sample. Our results reveal the
DEGs are related to immune system and cancer
bioprocess. System biology approaches allow
us to investigate the co-expression networks
between IncRNA and mRNA. A small group of
IncRNA and mRNA are aberrantly expressed in
human CRC.

For CRC, the dysfunction of immune system
and activation of cancer related pathways may
contribute to the tumorgenesis and progres-
sion. We found that hundreds of genes are
abnormal expression in tumor samples, which
includes many immune factors, likes CD3D,
DCLREAC, IL7R, BTK and CD3E which are
involved in primary immunodeficiency. T cell
and B cell signaling pathways are also signifi-
cantly affected. Our results were in agreement
with recent studies that the alteration of
immune system may play an important role in
CRC [13] and immune factors may promote
tumor growth, progression and metastasis
[14]. In addition, TP53, CDKN2A are key ele-
ments of TP53 signaling pathway are also sug-
gested to be differentially expressed in CRC tis-
sues, which indicates the activation of cancer
pathways in CRC. TP53 has been reported as
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an independent and strong predictor of survival
[45].

Previous study shown the IncRNA high expres-
sion in many cancer types, and several INncCRNA-
MRNA co-expression networks were identified
[16]. HNF4a is a transcription factor that plays
a key role in cancer differentiation, our study
show it is coexpressed with DHRS11 and
CEACAML. The association of CEACAM1 expres-
sion and tumor cell transformation has been
reported by several studies [17-20]. It creates a
pro-angiogenic tumor microenvironment that
supports tumor vessel maturation. We also
found the MUC4 and MUC12 genes were coex-
pressed with many other genes. Several stud-
ies have shown the aberrant expression profile
of mucins in different malignancies, suggesting
that mucins have a great potential to be used
as a diagnostic and prognostic marker in gas-
tric cancer. In addition, GHRLOS is a non-pro-
tein coding RNA; it is coexpressed with TTN and
FAM13C. Finally, we found the UTY is coex-
pressed with many genes in CRC tissues. UTY
gene codes for an HLA-B60-restricted human
male-specific minor histocompatibility antigen
involved in stem cell graft rejection, character-
ization of the critical polymorphic amino acid
residues for T-cell recognition, it is important to
cell immune [21-23]. The function of these co-
expression networks will be further studied in
our future experiment researches.

Overall, we provided an insight of IncRNA
expression associate with complexes to regu-
late gene expression in CRC. The progression of
CRC is associated with immune system and
IncRNA and mRNA dysregulation.
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Table 2. GO annotation of mMRNA

Term Genes P value
G0:0019207 ~kinase regulator activity CDKN2A, TAOK3, MALT1, SFN, EGF, NRG1, RHOH 7.70E-04
G0:0046983~protein dimerization activity THRA, CD3D, GZMA, CD3E, TP53, ASNS, APOBEC3F, FOXP1, TP5313, ZNF862, ATP2A1, JUND, CD2, CDA, NKX2-5 4.55E-03
G0:0019210~kinase inhibitor activity CDKN2A, TAOK3, SFN, RHOH 9.14E-03
G0:0005154~epidermal growth factor receptor binding HBEGF, EGF, VAV2 1.13E-02
G0:0019887~protein kinase regulator activity CDKN2A, TAOK3, SFN, EGF, NRG1 1.50E-02
G0:0042803~protein homodimerization activity TP53I13, THRA, GZMA, ATP2A1, CD2, CDA, ASNS, APOBEC3F, NKX2-5, FOXP1 1.68E-02
G0:0042802~identical protein binding UPF2, THRA, GZMA, ASNS, ITGA4, KCNIP2, APOBEC3F, FOXP1, BTK, TP53I3, ATP2A1, CD2, CLDN2, CDA, NKX2-5 1.80E-02
G0:0003700~transcription factor activity PPARD, ERG, THRA, TBX20, TP53, FOXP1, ASCL1, CDKN2A, MEIS2, REL, TFEC, JUND, IRF1, IRF2, ZNF394, BHLHE41, TBX18, NKX2-5, 1.94E-02
PITX2, ETV3
G0:0003950~NAD+ ADP-ribosyltransferase activity ART3, PARP15, PARP8 3.43E-02
G0:0019209~kinase activator activity MALT1, EGF, NRG1 3.43E-02
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Figure 2. Co-expression network of mRNA and IncRNA expression. Node with interaction larger than 10 was colored in yellow. The node size was corresponding to
the number of interaction.
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