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Abstract. Long non‑coding RNAs (lncRNAs) emerged as 
key regulators of diverse roles during colorectal cancer (CRC) 
carcinogenesis, but their specific function still remains to be 
explored. The present study aimed to re‑annotate the Affyme-
trix Human Exon 1.0 ST Array for defining differential 
lncRNAs in CRC. Their prognostic relevance was also devel-
oped for screening key regulators in CRC. The CRC datasets 
E‑GEOD‑31737, E‑MATB‑829, Affymetrix colon cancer 
dataset and E‑GEOD‑24550 were re-purposed for searching 
differential lncRNAs and exploring their association with 
overall survival (OS). The identified lncRNAs were validated 
in CRC tissues or cell lines. As a result, 462, 286 and 166 differ-
ential lncRNAs were identified, respectively, in three predictive 
datasets. Among them, 48 lncRNAs were commonly observed 
to exhibit differential expression in the three datasets. Notably, 
the overexpression of family with sequence similarity  83 
member H (FAM83H)‑antisense (AS) 1 (P=0.038) and VPS9 
domain containing  1 (VPS9D1)‑AS1 (P=0.020) indicated 
shorter OS time than lower expression. The overexpression 
of FAM83H‑AS1 (P=0.033) and VPS9D1‑AS1 (P=0.011) 
was validated in cancerous tissues. Thus, FAM83H-AS1 
and VPS9D1-AS1 may potentially enhance carcinogenesis 
or may be developed as prognostic biomarkers for CRC. In 

conclusion, a total of 48 CRC‑related lncRNAs were identified, 
the majority of which were confirmed to exhibit dysregulation. 
FAM83H‑AS1 and VPS9D1‑AS1 could have a potential use as 
prognostic biomarkers for CRC patients.

Introduction

Colorectal cancer (CRC) is a malignant disease that originates 
from colorectal epithelial cells  (1), and is one of the most 
commonly diagnosed malignancies in the world (2). Genetic 
events such as rare or high‑penetrance variants in the CRC 
susceptibility genes and DNA mismatch repair genes have been 
demonstrated to be important in the etiology of both sporadic 
and familial CRC (3). However, the carcinogenic mechanisms 
can only be explained in <6% of all CRC cases (3). There-
fore, there are still numerous genetic events associated with 
dysregulation or mutations in CRC patients that remain to be 
determined.

Long non‑coding RNAs (lncRNAs) are a class of 
transcripts longer than 200  nucleotides without coding 
potential to be translated into proteins (4). Numerous studies 
have revealed that lncRNAs were frequently dysregulated in 
various diseases and had multiple functions in a wide range of 
pathological processes, including apoptosis, proliferation and 
invasion‑metastasis of malignant tumors (5,6). For instance, 
colorectal cancer associated transcript 2 was identified by 
Ling et al as a lncRNA mapping to 8q24 that promoted meta-
static progression in CRC (7). Another lncRNA, homeobox 
transcript antisense intergenic RNA (HOTAIR) has been deter-
mined to exhibit higher levels in the plasma of CRC patients 
than in healthy controls, and its overexpression predicted 
unfavorable prognosis (8). The association between prognosis 
of CRC patients and expression of prostate cancer associated 
transcript 1 and metastasis associated lung adenocarcinoma 
transcript 1 has also been explored (9,10). The above studies 
indicated that lncRNAs are important in the regulation of 
carcinogenesis in CRC, and that lncRNAs could be used as 
biomarkers of diagnosis and prognosis, and could be poten-
tial therapy targets for novel antitumor drugs. However, the 
function and dysregulation of lncRNAs in CRC still remain 
to be explored. Thus, the identification of differential lncRNA 
profiles in CRC is required.

Array‑based expression profiles regarding CRC have been 
established (11). However, these previous array‑based profiles 
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only compared protein coding RNAs and somatic genomic 
alteration profiles, such as somatic copy number alteration (11). 
In addition, those array‑based data contained extensive 
information about lncRNA profiles, which, however, were 
not explored, since lncRNAs were not the intended targets of 
study of the original array design. Microarray probes thus can 
be re‑annotated for interrogating lncRNA expression (12), and 
it is possible to build CRC lncRNA profiles based on those 
published array‑based datasets. The present study aimed 
to build CRC lncRNA profiles from published Affymetrix 
Human Exon 1.0 ST arrays (Affymetrix, Inc., Santa Clara, 
CA, USA). The differential lncRNA expression profiles from 
three CRC‑related datasets were explored, including 44 tumor 
samples, and the results were validated in another CRC 
array‑based dataset that comprised 166 CRC patients. The 
expression of those lncRNAs that were significantly associ-
ated with prognosis was further determined in CRC cells and 
cancer tissues.

Materials and methods

Microarray data. E‑GEOD‑31737 consisted of 20  paired 
CRC and adjacent normal tissues; E‑MATB‑829 contained 
14 paired tissues; and E‑GEOD‑24550 included 166 samples 
from CRC patients with detailed information about overall 
survival (OS) time. Data were downloaded from ArrayExpress 
(http://www.ebi.ac.uk/arrayexpress/). The Affymetrix colon 
cancer dataset was downloaded from http://www.affymetrix.
com/support/technical/sample_data/exon_array_data.affx and  
comprised 10 paired CRC tissues. All raw CEL files of the 
above datasets were obtained for exploring underlying 
lncRNAs. E‑GEOD‑31737, E‑MATB‑829 and the Affymetrix 
datasets were used as experimental sets to identify differen-
tially expressed lncRNAs in CRC, while E‑GEOD‑24550 was 
used as a validation set to screen lncRNAs associated with OS 
rates.

Re‑annotation of Affymetrix Exon 1.0 ST Array lncRNA 
probes. The microarray data were preprocessed with a 
preprocessing program and re‑annotated with Affymetrix 
CEL file (Affymetrix, Inc.) from noncoder (http://noncoder.
mpi-bn.mpg.de/#) (13). The data were normalized by MAS5.0 
(included in the tools of noncoder) prior to lncRNAs anno-
tation. The alignment transcript cluster was filtered by the 
following steps: i) Genes with >3 probes were retained; and 
ii) probes were mapped to known lncRNAs in NONCODE 
v3.0 (which was included in the tools of noncoder) (14). Paired 
t‑test analysis was used to obtain probe sets whose magnitude 
of change in expression of lncRNAs between CRC tissue and 
adjacent normal tissues was significant. Genes with adjusted 
P<0.05 and fold‑change either greater or lower than 2‑fold were 
considered to be differentially expressed. The differentially 
expressed genes of each dataset were plotted in R version 3.1.1 
(https://www.r-project.org/) using the ‘pheatmap’ package, 
which can be accessed via the above link.

Identifying differential lncRNAs associated with OS in CRC. 
E‑GEOD‑24550 was used to screen differential lncRNAs asso-
ciated with the OS rate. The transcript clusters that matched 
>3 probes were retained, and the differential lncRNAs that 

were determined in the E‑GEOD‑31737, E‑MATB‑829 and 
Affymetrix datasets were further selected.

E‑GEOD‑24550 provided prognostic information for 
each patient. Statistical analyses were also performed using 
R package version 3.1.1. Time‑dependent receiver operating 
curve (ROC) was applied to calculate the best cutoff values 
for survival analysis (15). The lncRNAs were further exam-
ined with the Kaplan‑Meier log‑rank test using the R survival 
package. The survival curves were plotted with R software.

Tissue samples collection, cell culture and total RNA 
extraction. Cancerous and paired non‑cancerous tissues 
were consecutively collected from 20 patients with CRC who 
underwent curative resection of the tumor at Beijing Chaoyang 
Hospital (Beijing, China) from January 1, 2013 to March 2, 
2013. These patients were not subjected to any preoperative 
chemotherapy or radiotherapy. The freshly dissected tissues 
were immediately frozen in liquid nitrogen and stored at 
‑80˚C. RNA was extracted from the CRC samples using 
the mirVanaTM PARIS™ kit for protein and RNA isolation 
(Ambion; Thermo Fisher Scientific, Inc., Waltham, MA, USA) 
according to the manufacturer's protocol. The study protocol 
was approved by the Medical Ethics Committee of Chaoyang 
Hospital of Capital Medical University (Beijing, China), and 
informed consent was obtained from each subject.

The RKO, HCT116 and HT29 cell lines were purchased from 
the American Type Culture Collection (Manassas, VA, USA), 
while the SW620 and SW480 cell lines were obtained from 
the Culture Collection of the Chinese Academy of Sciences 
(Shanghai, China). Cells were cultured with complete Dulbec-
co's modified Eagle medium (Gibco; Thermo Fisher Scientific, 
Inc.) with 10% fetal bovine serum (Gibco; Thermo Fisher 
Scientific, Inc.) and 1% penicillin‑streptomycin (HyClone; GE 
Healthcare Life Sciences, Logan, UT, USA). Human umbilical 
vein endothelial cells (HUVECs) were purchased from Scien-
Cell Research Laboratories, Inc. (Carlsbad, CA, USA). Total 
RNA from the cell lines was extracted with TRIzol (Thermo 
Fisher Scientific, Inc.). Briefly, cell pellets were resuspended 
in 500 µl TRIzol, and subsequently, chloroform and isopro-
panol were added for RNA extraction. Finally, total RNA was 
dissolved with RNase‑free water. The concentration of RNA 
was determined using the NanoDrop 2000 spectrophotometer 
(NanoDrop Technologies; Thermo Fisher Scientific, Inc., 
Wilmington, DE, USA).

Reverse transcription (RT)‑polymerase chain reaction 
(PCR) and RT-quantitative (q) PCR. A total of 1 µg RNA 
from each of the samples or cell lines was individually 
reversed transcribed to synthesize complementary DNA 
using TranScript II Two‑Step RT‑PCR SuperMix (Beijing 
Transgen Biotech Co., Ltd., Beijing, China), and DNase I 
(Beijing Transgen Biotech Co., Ltd.) was used to degrade the 
genomic DNA. The primers for VPS9 domain containing 1 
(VPS9D1)‑antisense (AS) 1 were as follows: Forward primer, 
5'‑GCT​TCA​GGC​GTG​TTT​TCCC‑3' and reverse primer, 
5'‑CCC​AGA​GGC​CTT​TTC​CGT​T‑3'. The primers for family 
with sequence similarity  83 member  H (FAM83H)‑AS1 
were as follows: Forward primer, 5'‑CCG​AGC​GAG​GAT​
ATT​GAG‑3' and reverse primer, 5'‑AAC​ACC​AAC​ATC​
AGA​GAC​C‑3'. The primers for glyceraldehyde 3‑phosphate 
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dehydrogenase (GAPDH) were as follows: Forward primer, 
5'‑AAT​CCC​ATC​ACC​ATC​TTCCA‑3' and reverse primer, 
5'‑TGG​ACT​CCA​CGA​CGT​ACT​CA‑3'. RT‑qPCR was 
performed using a SYBR Premix Ex Taq™ II kit (Takara 
Biotechnology Co., Ltd., Dalian, China) with the corre-
sponding sense and antisense primers. The RT‑qPCR protocol 
consisted of an initial denaturation step at 95˚C for 10 min, 

followed by 40 cycles of 95˚C for 10 sec, 60˚C for 34 sec and 
72˚C for 10 sec. The quantification cycle (Cq) was determined, 
and the relative lncRNA expression was calculated using 
the 2‑∆Cq method (16)described by the manufacturer, using 
GAPDH as the calibrator gene. The diagram of 2‑∆Cq lncRNA 
relative expression was plot, and the difference between 2‑∆Cq 

lncRNA relative expression in normal and cancer tissues was 

Figure 2. Heat map showing the expression profiles of lncRNAs in three Affymetrix Human Exon 1.0 ST arrays. (A) A total of 462 differential lncRNAs were 
identified in E‑GEOD‑31737, which included 20 paired cancerous and non‑cancerous CRC samples. (B) A total of 286 differential lncRNAs were identified 
from 14 paired CRC samples in E‑MATB‑829. (C) The Affymetrix colon cancer dataset contained 10 paired CRC samples, and 166 differential lncRNAs were 
selected. N, normal; T, tumor; lncRNA, long non-coding RNA; CRC, colorectal cancer.

Figure 1. Affymetrix human exon array probe re‑annotation and validation pipeline for lncRNAs carried out in the present study. lncRNA, long non-coding 
RNA; CRC, colorectal cancer; OS, overall surivival.
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calculated with a two‑tailed non‑parametric Mann‑Whitney 
U test using GraphPad Prism 6.0 software (GraphPad Soft-
ware, Inc., La Jolla, CA, USA). P<0.05 was considered to 
indicate a statistically significant difference.

Results

Differentially expressed lncRNAs in CRC. A pipeline was 
designed to re‑annotate and validate the lncRNAs from 
four different Affymetrix arrays associated with CRC 
(Fig.  1). A total of 462  differential lncRNAs were deter-
mined from E‑GEOD‑31737. Among them, 229  lncRNAs 

were downregulated by >2‑fold in cancerous tissues 
(P<0.05) compared with paired normal tissues. Meanwhile, 
233 lncRNAs were noticed to be upregulated in cancerous 
tissues with >2‑fold‑change in expression and P<0.05 (Fig. 2A). 
Furthermore, 286  differential lncRNAs were detected in 
the E‑MATB‑829 dataset, including 153 downregulated and 
133 upregulated lncRNAs, with >2‑fold‑change in expression 
and P<0.05 (Fig. 2B). Another CRC dataset downloaded from 
the Affymetrix website was observed to contain 166 differen-
tial lncRNAs with >2‑fold‑change in expression and P<0.05, 
including 78 downregulated and 88 upregulated lncRNAs in 
cancerous tissues (Fig. 2C).

Figure 3. (A) Venn diagram comparing the screened differential lncRNAs from three datasets, of which, 48 lncRNAs were detected in the three datasets. 
(B) Mean relative fold‑changes of these 48 differential lncRNA in the three datasets. lncRNA, long non-coding RNA.

Figure 4. The E‑GEOD‑24550 dataset was used to validate the association of 48 lncRNAs with the overall survival rate in CRC patients, and two lncRNAs 
were identified to have the potential to be prognostic biomarkers. The high levels of (A) FAM83H‑AS1 and (B) VPS9D1‑AS1 in cancer tissues indicated that 
CRC patients would have poor prognosis. lncRNA, long non-coding RNA; CRC, colorectal cancer; FAM83H, family with sequence similarity 83 member H; 
AS, antisense; VPS9D1, VPS9 domain containing 1.
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  A   B
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Comparison of differential lncRNA expression in three data-
sets. Venn diagrams were applied for comparative analysis of 
the differential lncRNAs identified in the above three data-
sets, as shown in Fig. 3A. A total of 48 differential lncRNAs 
were commonly detected in the three datasets, including 
16 downregulated lncRNAs (whose mean values ranged from 
‑4.31 to ‑2.49, based on calculating their fold‑changes in the 
three datasets) and 32 upregulated lncRNAs, with mean values 
ranging from 2.29 to 6.46 (Fig. 3B).

Screening lncRNAs associated with CRC prognosis in 
E‑GEOD‑24550. The 48  differential transcript clusters 
identified in the above three datasets were further validated 
in E‑GEOD‑24550. Time‑dependent ROC curve applied for 
setting the best cutoff values, in addition to Kaplan‑Meier 
survival rate, were used to analyze the effects of their overex-
pression on CRC survival rate. CRC patients were divided into 
two groups according to best cutoff values of their normalized 
values. Kaplan‑Meier analysis was used to explore the associa-
tion of lncRNAs with survival rate. Among them, there were 
two lncRNAs that exhibited significant association with CRC 
OS rate. FAM83H‑AS1 was determined to have a significant 
association with CRC OS rate (P=0.038, Fig. 4A).The overex-
pression of VPS9D1‑AS1 was associated with CRC shorter 
OS time (P=0.020, Fig. 4B), and indicated a poor prognosis. 
Thus, both lncRNAs had the potential to be CRC prognostic 
biomarkers.

Validation of lncRNAs in human CRC cell lines and tissues. 
The present study next validated the lncRNAs that appeared 
to be associated with OS in human CRC cell lines and tissues. 
Firstly, specific primers were designed to clone their sequence 

from six CRC cell lines, including HUVEC, SW480, HCT116, 
RKO, HT29 and SW620. Agarose gel electrophoresis analysis 
revealed that CRC cell lines had relative higher levels of both 
FAM83H‑AS1 and VPS9D1‑AS1 lncRNAs in comparison 
with HUVECs (Fig. 5A). With the exception of RKO cells, 
the cell lines HCT116, SW480, HT29 and SW620 expressed 
FAM83H‑AS1, while the expression of FAM83H‑AS1 could 
not be detected in HUVECs. VPS9D1‑AS1 was observed to be 
expressed in all CRC cell lines at higher levels than in HUVECs. 
In addition, cancerous tissues and paired non‑cancerous 
tissues were collected from 20 patients with CRC to determine 
the levels of FAM83H‑AS1 and VPS9D1‑AS1 by RT‑qPCR. 
The relative expression of FAM83H‑AS1 in cancerous tissues 
was demonstrated to be 1.5‑fold higher in 16  (80%) CRC 
patients compared with paired non‑cancerous tissues. The 
mean fold‑change of FAM83H‑AS1 was 62.00. In addition, 
the results of a paired t‑test confirmed that the 2‑∆∆Cq values of 
FAM83H‑AS1 (relative to GAPDH) were significantly higher 
in CRC tissues (P=0.0325) than in normal tissues (Fig. 5B). 
Furthermore, there were 13 (65%) CRC patients with >1.5 
fold‑change in VPS9D1‑AS1 expression, with a mean value 
of 41.34, ranging from 0.14 to 584.07 in cancerous tissues. 
The 2‑∆∆Cq values of VPS9D1‑AS1 also were observed to be 
significantly higher in cancerous tissues compared with 
normal tissues (P=0.0110, Fig. 5C).

Discussion

Considering that protein‑coding genes only comprise ~2% of 
the human genome, the majority of transcripts of human or 
mammalian genomes have lost the potential to be translated 
into proteins, and a large proportion of them are ncRNAs (17). 

Figure 5. (A) RT-PCR was used to detect the expression of FAM83H‑AS1 and VPS9D1‑AS1 in HUVEC, SW480, HCT116, RKO, HT29 and SW620 cells. 
GAPDH was used as the internal reference gene. RT-quantitative PCR was used to validate the expression of (B) FAM83H‑AS1 and (C) VPS9D1‑AS1 in 
cancerous and paired non‑cancerous tissues from 20 colorectal cancer patients. The paired t‑test was used to compare the statistical difference of 2‑∆Cq between 
tumor and non-cancerous tissues. GAPDH was used as the internal reference gene. N, normal; C, cancer; GAPDH, glyceraldehyde 3-phosphate dehydro-
genase; HUVEC, human umbilical vein endothelial cell; FAM83H, family with sequence similarity 83 member H; AS, antisense; VPS9D1, VPS9 domain 
containing 1; RT-PCR, reverse transcription‑polymerase chain reaction.
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For the past few years, RNA sequencing or array‑based strate-
gies have been used to search lncRNAs transcribed from the 
human genome  (18,19). However, those strategies have an 
expensive cost. Thus, the re‑purposing of microarray probes 
for constructing lncRNA expression profiles in patients with 
cancer is a cost‑effective approach that has been employed 
by numerous researchers (20). The Affymetrix Exon 1.0 ST 
Array contains almost 5.4 million probes and is designed to 
determine the expression of each of the exons of a gene indi-
vidually (13). In that array, all isoforms of a gene are combined 
to be a ‘transcript cluster’, and each exon of the transcript 
cluster is defined as a ‘probe set’ (13). In a previous study, each 
of the four probes designed to match a gene represented the 
expression of the gene (13). Various other microarray‑based 
platforms could also be re‑annotated for lncRNAs, such as 
Affymetrix U133A (21,22). GATExplorer (http://bioinfow.dep.
usal.es/xgate/principal.php) and ncFANs (http://english.ict.
cas.cn/) re‑annotated several microarrays from Affymetrix for 
protein and lncRNAs, and revealed that the Affymetrix Exon 
1.0 ST Array contains considerably more probes matching 
lncRNAs than other microarray platforms (23,24). That was 
the reason why these datasets were collected from previous 
studies based on the Affymetrix Exon 1.0 ST Array.

In the present study, 462, 286 and 166 differential lncRNAs 
were identified, respectively, in CRC tissues based on three 
Exon 1.0 ST databases. A number of the identified lncRNAs 
had been demonstrated by previous studies to exhibit dysregu-
lated levels in several types of cancer (13). Among them, HoxA 
transcript at the distal tip RNA antisense RNA (HOTTIP), 
has been reported to display dysregulated levels in cancerous 
tissues and to be involved in hepatocarcinogenesis (25). In the 
present study, HOTTIP was detected to exhibit dysregulation 
in CRC cancer tissues (E‑GEOD‑31737). Additionally, the 
variance transcripts of HOTAIR, including HOTAIRM1, were 
determined to exhibit differential levels in CRC cancer tissues 
(E‑GEOD‑31737 and E‑MATB‑829) (8). However, variances 
associated with measurement error were not comparable across 
different studies (26). In the present study, it was observed that 
large samples created a large number of differential lncRNAs, 
and 48 differentially expressed lncRNAs were detected in all 
three datasets. It may be necessary to further explore more 
lncRNAs with differential expression in CRC tissues; however 
those 48 lncRNAs identified in the present study have the most 
credible probability to be tumor suppressor or oncogenic genes 
during the process of tumorigenesis.

To more correctly screen CRC‑related lncRNAs, 48 differ-
ential lncRNAs were validated in other datasets with larger 
samples. Future studies may be based in those lncRNAs. 
Furthermore, the present study has identified for the first 
time two lncRNAs that have the potential to be prognostic 
biomarkers for CRC patients. These lncRNAs were initially 
demonstrated to be overexpressed in tumor tissues by three 
datasets, and the results revealed that they could promote tumor 
progression. The validation in CRC cell lines or tissues also 
confirmed that those lncRNAs had higher levels in cancer cell 
lines and tissues than in normal cell lines or tissues. Further 
studies should be focused on these lncRNAs for exploring 
their detailed mechanism of promotion of CRC development.

In conclusion, the current study employed bioinformatics 
methods and screened 462 differential lncRNAs in CRC. A 

total of 48 lncRNAs were confirmed by three datasets based 
on Exon 1.0 ST arrays. Another array‑based dataset allowed 
us to screen two lncRNAs possessing the potential to be 
prognostic biomarkers of CRC patients. In addition, these two 
lncRNAs were validated to exhibit higher levels in cancerous 
tissues in comparison with paired non‑cancerous tissues from 
CRC patients. Those primary findings supported the idea that 
these two lncRNAs (FAM83H‑AS1 and VPS9D1‑AS1) may 
be the key regulators for controlling CRC carcinogenesis and 
development, and it may be urgent to validate their levels in 
a large cohort for exploring their clinical significance and 
identifying their mechanisms of action in CRC.
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