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Analysis of long non-coding RNA expression
profiles in ovarian cancer
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Abstract. Ovarian cancer is one of the major threats to
female health. Identifying cancer cases at an early stage and
selecting effective therapeutic drugs for patients is chal-
lenging. The number of studies concerning long non-coding
RNAs (IncRNAs) is increasing rapidly; there is a large body
of evidence indicating that IncRNAs are crucial in oncogenic
and tumor-suppression mechanisms. Therefore, in the present
study, IncRNA expression in ovarian cancer was considered.
All of the existing ovarian cancer microarray datasets in the
Gene Expression Omnibus database were assessed and two
met the criteria for the present study; these were designated the
training and validation sets. A re-annotation pipeline method
was established to annotate IncRNAs from existing probe
sets. When comparing ovarian cancer with normal ovarian
tissues, seven IncRNAs from the RefSeq database, based on
their combined ability to classify tissue in the training set,
were identified and validated with the validation set. Research
into the molecular functions of the seven identified IncRNAs
may contribute to the understanding of ovarian cancer onco-
genesis; they may also be candidates for novel ovarian cancer
biomarkers.

Introduction

Ovarian cancer (OC) is one of the most common types of
malignant carcinoma and is associated with a high mortality
rate (1). Due to of the lack of an effective early-stage biomarker
for cancer screening and detection, >70% of ovarian cancer
cases are diagnosed at an advanced stage with tumor metas-
tasis to other organs; the 5-year survival rate for patients with
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metastatic OC is <30% (2). Although multiple biomarkers
have been developed to categorize the molecular fingerprint of
OC by identifying recurring genetic defects, using the existing
biomarkers to achieve an accurate diagnosis of ovarian cancer
stage and assign a specific, optimized treatment regimen to
each patient remains an unsolved challenge (3).

Up to 74.7% of the human genome does not code for
proteins and instead gives rise to non-protein-coding RNAs
(ncRNAs) (4). Long non-coding RNAs (IncRNAs) are ncRNAs
longer than 200 nucleotides; they are RNA polymerase II
transcripts that lack an open reading frame (5). LncRNAs
are the largest class of ncRNAs; ~15,931 IncRNA genes have
been annotated in humans (6). Unlike the smaller non-coding
microRNAs, functions for the majority of IncRNAs have yet to
be elucidated. However, with improvements in transcriptome
profile technology and research, there is increasing evidence
demonstrating that certain IncRNAs serve important func-
tions in cancer development (7). These IncRNAs may regulate
gene expression at the transcriptional, post-transcriptional and
epigenetic levels by interacting with DNA, RNA or protein
molecules, or by causing transcriptional interference (8).
They serve functions in oncogenic and tumor-suppressive
pathways (9).

In the present study, the IncRNA expression signatures
in OC were profiled via the analysis of a cohort of previ-
ously published OC gene expression profiles from the Gene
Expression Omnibus (GEO). The results may provide novel
information on IncRNA expression profiles.

Materials and methods

GEO OC gene expression data. OC expression data used in
the present study were obtained from the NCBI GEO data-
base (http:/www.ncbi.nlm.nih.gov/gds). Datasets used in this
study were selected using the following criteria: i) They were
datasets from patients with OC; ii) they used OC tumor tissue
and superficial scrapings from normal ovary tissue samples for
comparison; iii) they used the same platform (Human Genome
U133 Plus 2.0 microarray, Affymetrix, Inc., Santa Clara, CA,
USA); and iv) they contained >3 samples. Based on these
criteria, two datasets were selected: GSE36668 (10) and
GSEI18520 (11), as described in Table I. In the present study,
the training-validation approach was adapted for screening
potential biomarkers, a standard strategy for microarray-based
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Table I. Details of the two microarray datasets used in the present study.
Dataset Control samples Tumor samples Author, year Platform (Refs.)
GSE36668 4 8 Elgaaen ef al, 2012 GPL570 (10)
GSE18520 10 53 Mok et al, 2009 GPL570 an

GPL570, Affymetrix Human Genome U133 Plus 2.0 array.

classification analysis (12). GSE36668 was used as the training
set and contained four ovarian borderline carcinoma (SBOC)
samples, four serous ovarian carcinoma (SC) samples and
four superficial scraping from normal ovary (SNO) samples.
GSEI18520 contained 53 advanced-stage, high-grade primary
ovarian carcinoma specimens (OCS) and 10 normal ovarian
surface epithelium brushings (Normal). Dataset GSE18520
served as a validation set for the data derived from GSE36668.
The whole study design is presented in Fig. 1.

Individual data processing. The raw CEL files of the datasets
were normalized and background adjusted using the robust
multichip average method, as this was previously demon-
strated to be an effective method for normalizing IncRNA
profiling data (13). The normalized data were then analyzed
with linear model for microarray data (LIMMA), a modified
t-test incorporating the Benjamini-Hochberg multiple hypoth-
eses correction technique (14). These steps were performed
with R version 3.1.4 (15). In the analysis of the training dataset
GSE36668, SBOC data and SC data were combined and
compared with SNO data (Fig. 1). When analyzing data from
the GSE18520 validation set, OCS sample data were compared
with normal sample data. Adjusted P<0.01 combined with a
>2-fold expression level difference was defined as a significant
difference between probe sets.

Probe set re-annotation and the IncRNA classification
pipeline. As novel IncRNAs and their functions are identi-
fied and studied every year, the annotation file downloaded
from the Affymetrix website is not completely accurate
and may be obsolete for screening target IncRNAs. Probe
sets without annotation or annotated as coding RNAs are
likely to be newly identified IncRNAs, and may potentially
be crucial in various biological processes (16). In order to
avoid annotation error and lower the false positive rate, an
IncRNA classification pipeline was developed to identify
the IncRNAs represented on the Affymetrix array. Initially,
the sequences of all probe sets were downloaded from
the official Affymetrix website (http:/www.affymetrix.
com/Auth/analysis/downloads/data/HG-U133_Plus_2.probe_
fasta.zip). NCBI BLAST-2.2.30+ (17) was used to perform
an alignment search of all the probe sequences obtained
from the Affymetrix probe sequence file against the RefSeq
database. Then probe sets were filtered and re-annotated
using the BLAST output, with the following criteria: i) The
probe should perfectly hit a target gene (E-value, <2x10°;
query coverage, 100%; identity, 100%); ii) any probe that
perfectly hit multiple targets was eliminated; and iii) the
accession number of the target gene should start with ‘NR_’,

Training
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| N
Validation
data
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Figure 1. Organization of the training and validation datasets. Based on
specific criteria, two datasets of OCS microarray data were selected from the
Gene Expression Omnibus. Each dataset included data from OCS and normal
ovarian tissue. OC, ovarian cancer; SBOC, ovarian borderline carcinoma
specimens; SNO, normal ovary specimens; SC, ovarian serous carcinoma
specimens; OCS, ovarian carcinoma specimens.

as NR indicates non-coding RNA in the RefSeq database.
This was then matched to the IncRNAs probe set datasets.
The probe set re-annotation and IncRNA classification pipe-
line were performed using in-house Perl scripts in Perl 5.18
(https://www.perl.org/).

Data analysis. To visually inspect the result of a ‘leave one
dataset out’ cross-validation, the differentially expressed
IncRNAs of GSE36668 and GSE18520 were used for a hier-
archical clustering analysis (HCA) in Cluster and TreeView
(https://sourceforge.net/projects/jtreeview/files/) (18) and
‘gplots’ packages in R. Principal component analysis (PCA)
was also performed using TM4 (19) and R 3.1.4 using the
princomp function; the ‘plot3d’ package in R was used to
draw a three-dimensional plot. The HCA grouped samples
by their similarities in gene expression profiles, whereas the
PCA summarized the most important variables in a dataset
as principal components, and classified the samples using
as few variables as possible (8). In HCA cluster analysis,
the euclidean distance method was used to cluster arrays
(http://CRAN.R-project.org/package=gplots).

Results

The present study included five cohorts of gene expression data
from two datasets, GSE36668 and GSE18520, as described
in Table I. Through a training-validation approach, differen-
tially expressed probe sets from each dataset were obtained;
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Table II. Numbers of all probe sets differentially expressed in each microarray dataset.

Dataset Upregulated probe sets Downregulated probe sets Total differential probe sets
GSE36668 510 489 999
GSE18520 1,073 4,750 5,823

Table III. Number of all IncRNAs differentially expressed in each dataset, following the re-annotation of existing probe sets.

Dataset Upregulated probe sets

Downregulated probe sets

Total differential probe sets

GSE36668 20
GSE18520 94

17 37
25 119

IncRNA, long non-coding RNA.
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Figure 2. All detected IncRNA signatures in dataset (A) GSE36668 and (B) GSE18520. Samples are in columns and IncRNAs are in rows. Gene expression
levels are indicated as follows: Red, upregulated; green, downregulated. IncRNA, long non-coding RNA; SBOC, ovarian borderline carcinoma specimens;

SNO, normal ovary specimens; SC, ovarian serous carcinoma specimens.

the total number of these is included in Table II. Subsequent
to re-annotating the probe sets and classifying IncRNAs,
differentially expressed IncRNAs were identified from the two
datasets, the totals of which are presented in Table III. HCA
analysis of all samples in the datasets revealed clear distinc-
tions between OC tumor tissue and normal tissue samples
based on the expression of the identified IncRNAs (Fig. 2).
After aggregating the groups of IncRNA signatures, seven
IncRNAs were identified with PCA, as described in Table IV.
The fold change of each of these seven IncRNAs is indicated
in Fig. 3. Furthermore, the PCA results were suitable for distin-
guishing OC from normal tissue samples; the PCA results
of all samples from the datasets indicated that the OC and

normal tissue samples could be distinguished by the combined
differential expression of the seven IncRNAs (Fig. 4). Thus, it
was determined that the IncRNA signatures identified in the
training set were representative.

Discussion

Ovarian cancer is a great threat to female health worldwide.
Early detection of ovarian cancer at its localized stage can
increase the 5-year survival rate to ~90% (20). Hence, iden-
tifying novel targets that could serve as biomarkers for early
diagnosis and treatment of ovarian cancer is urgently required.
Previous studies investigating effective early ovarian cancer
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Table I'V. IncRNAs of which the combined differential expression was sufficient to distinguish cancerous and normal tissue.

IncRNAs Chr Description

LEMDI-ASI1 1q32.1 LEMDI antisense RNA 1

LOC100506834 7 Uncharacterized LOC100506834

NR2F1 5ql4 NR2F1 antisense RNA 1, transcript variant 5
RNF157 17925.1 RNF157 antisense RNA 1

IPW 15q11.2 Imprinted in Prader-Willi syndrome
LOC100507387 7 Uncharacterized LOC100507387
LOC100507564 1 Uncharacterized LOC100507564

IncRNA, long non-coding RNA; Chr, chromosome.
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Figure 3. FC of the expression levels of the seven identified differentially expressed IncRNAs in (A) GSE36668 and (B) GSE18520. The combined differential
expression of the identified IncRNAs was sufficient to distinguish cancer and normal tissues. IncRNA, long non-coding RNA; FC, fold change.
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Figure 4. Principle component analysis results of samples in (A) the training set, GSE36668 (green, serous carcinoma; red, borderline carcinoma; blue, normal
ovary tissue) and (B) the validation set, GSE18520 (red, ovarian cancer; green, normal ovary tissue), based on the combined differential expression levels of
seven IncRNAs. IncRNA, long non-coding RNA.

diagnostic markers have revealed that the development of In the present study, a training-validation approach and
ovarian cancer is associated with the aberrant expression of  a probe set re-annotation and IncRNA classification pipeline
specific IncRNAs, including GASS5 (21), SPRY4-IT1 (22), were used to identify seven IncRNAs that were differentially
Cl170rf91 (23) and CCAT2 (24). expressed in OC tumor tissue from the two datasets. All the
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identified IncRNAs have annotations in the NCBI RefSeq
database, meaning that the sequences of each IncRNA are
completely known, improving the ease of examining the
function and downstream target genes of each IncRNA.
The identified IncRNAs may interact with various genes to
affect the gene expression profile of cells and lead to onco-
genesis. The identified IncRNAs may also be candidates for
novel ovarian cancer detection biomarkers. Further in vivo
and in vitro experiments are required to reveal the function
of these IncRNAs and their association with ovarian cancer
development.

As the Affymetrix Human Genome U133 Plus 2.0 array
has a large number of probe sets, IncRNA expression data can
be extracted with probe set re-annotation and the IncRNA
classification pipeline, as performed in the present study. This
is advantageous as the HG U133 Plus 2.0 array series is one
of most commonly used commercial microarrays in human
cancer profiling; prior to performing an IncRNA microarray,
the information from existing published expression profile
data should, therefore, be considered.

In conclusion, seven differentially expressed IncRNAs in
ovarian carcinoma have been identified in the present study;
their combined differential expression was sufficient to distin-
guish normal and cancerous tissue. A novel method for mining
IncRNA data from pre-existing expression microarrays,
instead of using a specialized IncRNA microarray, has been
established. This method is comparatively low-cost and could
potentially be applied in a wide range of other research areas.
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