Int J Clin Exp Med 2015;8(4):5010-5021
www.ijcem.com /ISSN:1940-5901/1JCEM0006686

Original Article
Expression profile of long
non-coding RNAs is altered in endometrial cancer

Lin Yang?, Jie Zhang?, Anli Jiang?, Qingwei Liu*, Changzhong Li3, Chunrun Yang®, Jianjun Xiu*

1Department of Radiology, Shandong Provincial Hospital Affiliated to Shandong University, Jinan, P. R. China;
2Department of Biology, Shandong University School of Medicine, Jinan, P. R. China; *Department of Gynecology,
Shandong Provincial Hospital Affiliated to Shandong University, Jinan, P. R. China

Received February 3, 2015; Accepted April 3, 2015; Epub April 15, 2015; Published April 30, 2015

Abstract: This study was to uncover the role of long non-coding RNA (IncRNA) in the process of endometrial cancer
(EC) development using microarray technique to obtain the expression profiles of IncRNAs in EC and its adjacent
normal tissues. A total of 45 pieces of pathologically-proven EC tissues were used in this study. All samples were
frozen in liquid nitrogen immediately after resection and stored at -80°C for future use. The detection of IncRNA
and transcripts was conducted using microarray analysis. To understand the biochemical function of IncRNA, bio-
informatics analyses (gene ontology and pathway analyses) were performed. To further investigate the relationship
between IncRNAs and EC, subgroup analysis was conducted. In order to validate the consistency of the INcRNAs
with microarray data, qRT-PCR was performed. In this study, 30586 IncRNAs and 26109 transcripts (fold change >
2.0) were found in the tested EC. In particular, compared with normal tissues, 4010 the IncRNA were up-regulated,
and 3350 of them were down-regulated. Seven of the IncRNAs were in accordance with microarray data in qRT-PCR.
Among these IncRNAs, 3 were up-regulated and 4 were down-regulated. Furthermore, pathway analysis revealed
that 24 pathways were correlated to the up-regulated transcripts, while 27 pathways were associated with the down-
regulated transcripts. Our study demonstrated that the expressions of a large amount of INcRNAs were altered in EC
in comparison to normal tissues, suggesting that IncRNAs could potentially serve as a diagnostic biomarker that is
beneficial for the diagnosis and therapy of EC.

Keywords: Long non-coding RNA, endometrial cancer, microarray analysis, gene ontology analysis, pathway analy-
sis

Introduction About 80% of EC patients belong to estrogen-

dependent type, having better prognosis com-

As the most common malignhant tumor occur-
ring in female reproductive system, endometri-
al cancer (EC) accounts for 7% of the total
female malignant tumors. Obesity and diabetes
are currently the most risky inducing factors [1,
2]. The morbidity of EC has increased by 1 fold
in the past twenty years [3]. According to the
statistics from American Cancer Society, the
number of new cases of EC in America was
49,560 in 2013, with the number of new deaths
being 8,200. The average age of onset was 61,
with most of the patients having 55-60 years of
age [1, 2], suggesting the occurrence tendency
on young women in recent years [4]. Although
the majority of EC cases are diagnosed at early
stage, the disease seriously threats human
health due to its relatively high mortality rate
[5]. EC could be divided into estrogen-depen-
dent type and estrogen-independent type.

pared to estrogen-independent type [4]. Due to
the high morbidity rate and recurrence rate of
EC, the present diagnosis and therapy are not
satisfactory. Therefore, understanding EC at
molecular level and selecting remarkable bio-
markers would play important roles in the diag-
nosis of EC as well as the improvement of sur-
vival rate and cure rate. Previous researches
have confirmed the correlation between EC and
certain genes, such as pl5, p53, ki67, PTEN
and k-ras [6-10]. However, the results were still
unsatisfactory.

In the past few decades, researchers per-
formed a great amount of studies on the bio-
logical function of non-coding RNA in mammal
genomes, and recognized the significant regu-
lating effects of non-coding RNA on various bio-
logical processes. Based on its length, non-
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coding RNA is classified into long non-coding
RNA (IncRNA) and short non-coding RNA.
Particularly, IncRNA is a kind of RNA with a
length of transcription longer than 200 nucleo-
tides [11], while the length of short non-coding
RNA is in the range of 180 to 200 nucleotides.
Large amounts of researches evidenced the
abnormal expression of microRNA (miRNA or
miR), one of the most frequently studied short
non-coding RNA, in various tumors [12]. Several
miRNAs, such as miR-205, miR-204 and miR-
20a, were considered to be associated with EC
morbidity [13, 14]. Recent investigations on
IncRNA showed that IncRNA exists in cytoplasm
or nucleus, and exerts its regulatory effects on
gene expression levels, including epigenetic
regulation, transcriptional regulation and post-
transcriptional regulation in the form of RNA
[15]. LncRNA could be divided into different
subgroups, such as IncRNAs with enhancer-like
function (IncRNA-a), HOX IncRNA and large
intergenic non-coding INCRNAs [16, 17]. Recent
studies revealed that these IncRNAs might be
involved in the occurrence and development of
multiple diseases, playing an important role in
human cells [16, 17]. Compared with other
types of non-coding RNAs, IncRNA has much
longer sequences and more complicated spa-
tial construction. As a result, the regulation
mechanisms of IncRNA in biological processes
are more diverse and complicated [18]. It is
well established that abnormal expression of
IncRNA plays an important role in the develop-
ment of many types of human tumors [19-22].
Despite progresses made in the studies on the
role of IncRNA in various human diseases, the
functions of IncRNA have rarely been confirmed
[23].

In the present study, we used the third-genera-
tion microarray techniques to analyze the
expression of a group of INcRNA and mRNA in
EC and adjacent normal tissues, and validated
10 abnormally expressed IncRNA from 40 sam-
ples. The study also showed that large amounts
of abnormally expressed genes are present in
EC, playing a key role in the morbidity of EC. Our
results will be beneficial for the early diagnosis
and effective treatment of EC.

Materials and methods
Patients

Between September 2013 and December
2013, we obtained a total of 45 pieces of
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pathologically-proven EC tissues from patients
at Shandong Provincial Hospital. We randomly
chose one patient sample for the process of
IncRNA expression profile. All samples were fro-
zen in liquid nitrogen immediately after re-
section and stored at -80°C. This study was
approved by the Research Ethics Committee of
Shandong Provincial Hospital. Informed con-
sent was obtained from all patients or their
families.

Microarray analysis

Arraystar Human LncRNA Microarray V3.0 was
designed for the global profiling of human
IncRNAs and protein-coding transcripts. About
30,586 IncRNAs and 26,109 coding transcripts
could be detected by the third-generation
IncRNA microarray. The IncRNAs were carefully
constructed using the most highly-respected
public transcriptome databases (Refseq, UCSC
knowngenes, Gencode, etc.), as well as land-
mark publications. Each transcript was repre-
sented by a specific exon or splice junction
probe that could accurately identify individual
transcripts. Positive probes for housekeeping
genes and negative probes were also printed
onto the array for hybridization quality control.
Microarray analysis was performed by
Kangchen Bio-tech, Shanghai, P. R. China.

RNA labeling and array hybridization

Sample labeling and array hybridization were
performed according to Agilent One-Color
Microarray-Based Gene Expression Analysis
protocol (Agilent Technologies, Santa Clara, CA,
USA) with minor modifications. Briefly, mRNA
was purified from total RNA after removal of
ribosomal RNA (MRNA-ONLY™  Eukaryotic
mRNA Isolation Kit, Epicentre Technologies
Corp., Chicago, IL, USA). Then, each sample
was amplified and transcribed into fluorescent
CcRNA along the entire length of the transcripts
without 3’ bias utilizing a random priming meth-
od. The labeled cRNAs were purified by RNeasy
Mini Kit (Qiagen, Germany). The concentration
and specific activity of the labeled cRNAs (pmol
Cy3/ug cRNA) were measured by NanoDrop
ND-1000 (Thermo Fisher Scientific Inc.,
Waltham, MA, USA). Each labeled cRNA (1 ug)
was fragmented by adding 5 pl 10 x blocking
agent and 1 pl of 25 x fragmentation buffer,
before being heated at 60°C for 30 min, fol-
lowed by addition of 25 ul 2 x GE Hybridization
buffer. Hybridization solution (50 ul) was dis-
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pensed into the gasket slide and assembled to
the IncRNA expression microarray slide. The
slides were incubated for 17 hours at 65°C in
an Agilent Hybridization Oven. The hybridized
arrays were washed, fixed and scanned using
the Agilent DNA Microarray Scanner (G2505C).
The analysis was performed by Kangchen Bio-
tech, Shanghai, P. R. China.

Agilent Feature Extraction software (version
11.0.1.1) was used to analyze the acquired
array images. Quantile normalization and sub-
sequent data processing were performed using
the GeneSpring GX v11.5.1 software package
(Agilent Technologies, Santa Clara, CA, USA).
After quantile normalization of the raw data,
IncRNAs and mRNAs with at least 1 out of 2
samples having flags in Present or Marginal
(“All Targets Value”) were chosen for further
data analysis. Differentially expressed IncRNAs
and mRNAs were identified through fold change
filtering. Heat map and hierarchical clustering
were performed using the Agilent GeneSpring
GX software (version 11.5.1).

Pathway and gene ontology (GO) analyses

Pathway analysis and GO analysis were per-
formed using standard enrichment computa-
tion method, and were used to determine the
roles of differentially expressed mRNAs that
were playing important roles in these biological
pathways or GO terms. Based on the latest
Kyoto Encyclopedia of Genes and Genomes
(http://www.genome.jp/kegg) database, we
performed pathway analysis for differentially
expressed mRNAs. Pathway analysis is an
effective method to uncover the underlying bio-
logical function in response to abnormally
expressed genes and proteins [24]. This analy-
sis was used to determine the biological path-
way that had significant enrichment of differen-
tially expressed mRNAs. P values denoted the
significance of the pathway. The smaller the P
values were, the more significant the pathway
was (P value cut-off was 0.05). GO analysis was
a functional analysis associating differentially
expressed mRNAs with GO categories. GO cat-
egories were derived from Gene Ontology (www.
geneontology.org), which comprised three
structured networks of defined terms that
described gene product attributes. P values
denoted the significance of GO term enrich-
ment in the differentially expressed mRNA list.
The smaller the P values were, the more signifi-
cant the GO term was (P value < 0.05 was
recommended).
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Quantitative real-time polymerase chain reac-
tion (QRT-PCR)

Total RNA was isolated from frozen EC and nor-
mal tissue samples using TRIzol reagent (Life
Technologies, Thermo Fisher Scientific Inc.,
Waltham, MA, USA), with its quantity and quali-
ty being examined by NanoDrop ND-1000
(Thermo Fisher Scientific Inc., Waltham, MA,
USA). Then, total RNA was reversely transcribed
according to the manufacturer’s recommenda-
tion. The expression of 6 up-regulated IncRNAs
and 4 down-regulated IncRNAs in this study
were tested by qRT-PCR using SYBR Green
assays. gqRT-PCR reaction conditions were as
follows: a denaturation step of 10 min at 95°C,
followed by 40 cycles of 10 s at 95°C and 60 s
at 60°C, and a final step of 15 s at 90°C. All
samples of this study were normalized to the
internal control glyceraldehyde-3-phosphate
dehydrogenase (GAPDH). For quantitative re-
sults, the 222°T method was used to calculate
relative fold changes [25].

Statistical analysis

All data were analyzed using SPSS 17.0 soft-
ware (IBM, USA). Different expressions of
IncRNAs between EC and normal tissues were
analyzed using Student’s t-test. P values < 0.05
were considered significant.

Results

Expression of IncRNA and mRNA in EC tissues
is different from that in normal tissues

In order to compare the distributions of intensi-
ties from all samples, we used box plot to visu-
alize the distributions of a dataset. In addition,
scatter plot was used to assess IncRNA and
MRNA expression variation or reproducibility
between two samples or two groups of sam-
ples. Finally, hierarchical clustering was per-
formed to show distinguishable IncRNA and
MRNA expression patterns among samples.
About 30,586 different IncRNAs can be detect-
ed between EC tissues and their paired adja-
cent noncancerous tissues using third-genera-
tion IncRNA microarray (fold change > 2, P <
0.05). Among these IncRNAs, we found that a
total number of 4,010 were up-regulated and
3,350 were down-regulated. The most up-regu-
lated one was ucO0l1ltdk.2 (fold change:
85.810104) and the most down-regulated one
was uc003zfx.3 (fold change: 117.568825).
Similarly, a total of 26,109 dysregulated mRNA
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Figure 1. Expression profiles of IncRNAs and mRNAs in EC and adjacent normal tissues. Box plots of (A) IncRNAs
and (B) mMRNAs showed the distributions of intensities from all samples. Scatter plots showed (C) IncRNA and (D)
mMRNA expression variation between EC and adjacent normal tissues. Values of X and Y axes in the scatter plots are
normalized signal values of the samples (log2 scaled). The green lines are fold-change lines, with the default fold
change value being 2.0. LncRNAs above the top green line and below the bottom green line had more than 2.0-fold

changes between EC and adjacent normal tissues.

transcripts were detected, with 3,122 being
up-regulated and 2,272 being down-regulated.
Among them, NM_014420 was the most up-
regulated one (fold change: 27.751808), where-
as the most down-regulated one was
NM_022580 (fold change: 2644.8286). Box
plot showed the distributions of datasets.
Scatter plot showed the IncRNA and mRNA
expression variation or reproducibility between
EC and normal tissues (Figure 1). Hierarchical
clustering showed that IncRNA and mRNA
expression patterns among samples were dis-

5013

tinguishable (Figure 2). These data suggested
that the expression of IncRNA and mRNA in EC
tissues is different from that in normal tissues.

Functional analysis for LncRNAs and mRNAs

To perform functional analysis for IncRNAs and
mRNAs, GO and pathway analyses were used.
In this study, we found that the most enrich-
ment GO terms which were expressed in up-
regulated transcripts were biological regulation
(ontology: Biological Process), membrane part

Int J Clin Exp Med 2015;8(4):5010-5021
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Figure 2. Heat map and hierarchical clustering showing (A) IncRNA and (B) mRNA expression profiling in EC and
adjacent normal tissues. Cluster analysis arranges samples into groups based on their expression levels, which
allows us to hypothesize the relationships among samples. “Red” indicates highly relative expression, and “green”

indicates lowly relative expression.

(ontology: Cellular Component) and binding
(ontology: Molecular Function). Among the
down-regulated transcripts, the most enrich-
ment GO terms were biological regulation
(ontology: Biological Process), membrane part
(ontology: Cellular Component) and binding
(ontology: Molecular Function). We also ob-
tained the top 10 GO terms that were most
associated with gene coding of up-regulated
RNAs and down-regulated RNAs (Figure 3).
Pathway analysis showed that a total of 24
pathways were related to up-regulated tran-
scripts, and “Neuroactive ligand-receptor inter-
action-Homo sapiens (human)” that consisted
of 62 targeted genes, was the most enrichment
network. However, we found that 27 pathways
were related to down-regulated transcripts and
the most enrichment one was also “Neuroac-
tive ligand-receptor interaction-Homo sapiens
(human)”, which consisted of 48 targeted
genes. Furthermore, out results also showed
the top 5 pathways that were associated with
gene coding of up-regulated RNAs and down-
regulated RNAs (Figure 4).
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LncRNA classification and subgroup analysis

To further investigate the relationship between
IncRNAs and EC, subgroup analysis was con-
ducted. GENCODE annotation of human genes
was applied to the identification of IncRNA-a.
The results showed that 2168 abnormally
expressed enhancer IncRNAs were determined.
The enhancer IncRNAs next to coding gene sug-
gested that the enhancer IncRNA was able to
regulate adjacent coding code. In addition, a
total of 402 IncRNAs next to coding gene were
detected, including 104 that were up-regulated
and 83 that were down-regulated. In addition,
128 HOX clusters of four HOX foci were also
found in the profiling of our study.

Seven IncRNAs are in accordance with micro-
array data according to qRT-PCR

In order to validate the consistency of the

IncRNAs with microarray data, qRT-PCR was
performed. Among the abnormally expressed

Int J Clin Exp Med 2015;8(4):5010-5021
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Figure 3. GO terms that are associated with coding gene functions of (A-C) up-regulated IncRNAs and (D-F) down-
regulated IncRNAs. GO analysis is a functional analysis associating differentially expressed mRNAs with GO catego-
ries. GO categories were derived from Gene Ontology (www.geneontology.org), which comprised three structured
networks of defined terms that described gene product attributes. P values denoted the significance of GO term
enrichment in the differentially expressed mRNA list. The smaller the P values were, the more significant the GO

term was (P value < 0.05 was recommended).

IncRNAs, ten IncRNAs had fold changes > 5,
including six up-regulated IncRNAs (ENSTOOO-
00491264, NR_004053, uc001tdk.2, ucO03x-
ut.3, uc021rel.1, ENSTO0000445734) and
four down-regulated IncRNAs (ucOO2nbr.3,
ENSTO0000502941, ENSTO0000448093, EN-
STO0000503710). The gRT-PCR results show-
ed that seven of these IncRNAs were in accor-
dance with microarray data, including three up-
regulated IncRNAs (ucOO3xut., uc021rel.l,
ENSTO0000445734) and four down-regulated
ones (uc002nbr.3, ENSTO0000502941, ENST-
00000448093, ENSTO0000503710) (Figure
5). In particular, the alterations in ucOO3xut
and ENSTO0000502941 were the most signifi-
cant, representing the up-regulated IncRNAs
and the down-regulated IncRNAs, respectively
(Figure 6).

Discussion

Recent studies on various tumors are focused
on non-coding and coding genes, especially
IncRNAs. Investigations on the relationship
between EC and IncRNA are still at early stage
with few articles reporting the correlation
between the overexpression of IncRNA HOTAIR
and EC [26, 27]. Therefore, it is of great value to
investigate EC pathogenesis and molecular
markers with diagnostic significance.

Among mammalian genes, thousands of
IncRNAs have been reported to play important
roles in biological process through multiple
mechanisms [18]. It is well established that
IncRNA is critical to normal tissues and diseas-
es [28]. Recently, studies have increasingly evi-
denced that several types of tumors are closely
associated with the abnormal expression of
IncRNA, which is involved in the occurrence,
development and metastasis of tumor with a
series of complicated mechanisms [19, 29].
For instance, Wang et al. [30] found that the
up-regulation of several IncRNAs was correlat-
ed with the occurrence of liver cancer. Through
regulating the expression of p53, IncRNAMEG3
appeared to have a strong impact on osteosar-
coma [31]. In addition, the correlation between
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the abnormal expression of IncRNA and several
tumors, such as stomach cancer [32], renal
cancer [33], pancreatic cancer [34], glioblasto-
ma [35] and lung cancer [36, 37] has been rec-
ognized. Therefore, IncRNA could be potentially
employed to serve as indicators for tumor diag-
nosis and prognosis [29].

In the present study, a group of EC samples and
adjacent normal tissue samples were analyzed
through microarray technique, and validations
of ten selected IncRNAs were carried out on 40
samples using qRT-PCR. The result of microar-
ray expression profiles showed that compared
with normal tissues, the expression of 30,586
IncRNAs and 26,109 mRNAs were detected to
be abnormal in EC. In particular, 4008 IncRNAs
were up-regulated, while 3350 IncRNAs were
down-regulated. However, the functions of the
majority of abnormally expressed genes have
not been fully recognized.

In the process of biological development and
differentiation, INcCRNA generally acquires sig-
nificant temporal and spatial specificity, and
exerts its effect by means of a series of compli-
cated mechanisms [16, 38-42]. An important
common function is realized by its impact on
transcriptional process or by its direct enhanc-
er-like effect that alters the expression of adja-
cent coding genes. In addition, the reduction of
certain number of IncRNA would decrease the
expression of adjacent coding genes [43-47].
To deepen the understanding of the correlation
between IncRNA and EC, the classification and
subgroup of IncRNA were further investigated,
and enhancer IncRNAs and adjacent coding
genes were determined. It is found that a total
of 402 enhancer-like IncRNAs next to coding
gene were abnormally expressed, and 104 of
them were up-regulated while 38 of them were
down-regulated. As mentioned previously, the
abnormal expression of IncRNA in HOX loci
emerged in the process of certain humor devel-
opment [19]. In view of these considerations,
we investigated HOX IncRNA clusters. Similar to
previous report that confirmed the transcrip-
tion of a large amount of IncRNAs in human

Int J Clin Exp Med 2015;8(4):5010-5021
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Figure 4. The top 10 pathways of (A) up-regulated and (B) down-regulated mRNAs in EC. Pathway analysis is an ef-
fective method to elaborate the underlying biological function. (C) Diagram showing focal adhesion that is closely

related to EC pathogenesis.

EE3 Normal
0.08+ E=3 Tumor

Relative expression of indicated mRNA

Figure 5. Comparison between microarray and
quantitative real-time PCR results on 10 differen-
tially expressed IncRNAs (ENSTO0000491264,
NR_004053, uc001tdk.2, ucO003xut.3, ucO2lre-
1.1, ENST00000445734, uc002nbr.3, ENSTOO000-
502941, ENSTO0000448093, ENSTO0O000503710)
in EC and normal tissues.

HOX clusters [17], 128 HOX clusters of four HOX
foci were presented in the profiling of our study.

According to microarray analysis, six up-regulat-
ed IncRNAs and four down-regulated IncCRNAs
were selected by verifying the expression con-
sistency of twenty pairs of samples. In addition,
the expression of the ten IncRNAs was further
investigated in the present study. It was found
that the result of seven tested INcRNAs was in
line with microarray analysis. In particular, four
of the IncRNAs were down-regulated with
ENSTO000502941 being significantly increa-
sed, while another three IncRNAs were up-regu-
lated with ucO03xut.3 having markedly in-
creased expression. ENSTO0000502941, a
product of gene ENSG00000237125, is a 358-
bp bidirectional IncRNA with 3 exons tran-
scribed from RP11-471J12.1 (chr4) gene locat-
ed on chromosome 4. In addition, ucO03xut.3
is an intergenic IncRNA with 2 exons transcribed
from BC047540 (chr8) gene.

The result of qRT-PCR revealed that the expres-
sion of IncRNA was variable in different tissues.
Furthermore, the consistency between the
expression of the seven IncRNAs and the micro-
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array data suggested a way to differentiate
uterine tumor tissues from normal tissues. In
comparison to the up-regulated genes, the
extent of the down-regulated genes appeared
to be much larger, indicating close relationship
between certain down-regulated IncRNAs and
the occurrence and development of EC.
However, the biological functions of the above
genes still remained unclear so far. Unluckily,
the results in our study could not provide suffi-
cient evidence to determine whether IncRNA
qualifies as a biomarker. Further studies on
IncRNAs, especially ENSTO000502941 and
uc003xut.3, are still necessary.

GO analysis could provide controlled vocabu-
lary to illustrate related genes and gene prod-
ucts in EC. The result of GO analysis showed
that three GO terms that were closely relevant
to both up-regulated and down-regulated
IncRNAs were biological regulation, membrane
part and binding. In this study, fifty-one path-
ways were found to be relevant to the differen-
tially expressed transcripts, in which twenty-
four pathways were associated with down-
regulated transcripts and twenty-seven with
up-regulated transcripts. Previous researches
proved the correlation between these path-
ways and multiple diseases including EC. Focal
adhesion [48-50], MAPK [51], ECM-receptor
[49] and PPAR [52-54] have been reported to
be closely related to EC pathogenesis.

In conclusion, this study is the first work that
uses microarray analysis to investigate abnor-
mally expressed IncRNAs in EC and adjacent
normal tissues. In addition, ten IncRNAs from
40 samples were validated using qRT-PCR. The
result demonstrated that abnormal expression
of IncRNAs was closely associated with EC. In
the near future, we will select greater numbers
of samples to deepen the research into the
IncRNA molecular mechanism and biochemical
function, in order to provide a novel accurate
method for the early diagnosis and therapy of
EC.
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