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Abstract. Long non-coding RNAs (lncRNAs) have been 
acknowledged to serve a significant role in cancer biology and 
abnormal expression in tumors is frequently observed. However, 
their mechanisms in cervical cancer remain unclear. With a 
genome‑wide analysis of lncRNA expression in cervical cancer 
tissues, the present study aimed to identify lncRNA targets for 
the further study of cervical cancer. To elucidate the specific 
role of lncRNAs in the pathogenesis of this type of cancer, 
6 cervical cancer samples paired with normal cervical tissues 
were obtained. Expression profiles of lncRNAs and mRNAs 
were constructed through microarray analysis and confirmed 
by reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR) methods. Gene Ontology and pathway enrichment 
analyses were performed with computational methods. On the 
basis of correlations between the differential expression levels of 
lncRNAs and mRNAs, a coding-non-coding gene co-expression 
network (CNC network) was established. The differential 
expression of 5,844 lncRNAs and 4,436 mRNAs were discov-
ered in cervical cancer samples compared with normal cervical 
tissues. Among the differentially expressed lncRNAs, 14 were 
chosen at random and validated by RT‑qPCR; the majority of 
the results measured were consistent with the microarray results. 
Furthermore, the lncRNA ENST00000551152 was found to be 
upregulated and TCO. NS_00001368 lncRNA was downregu-
lated in cervical cancer cell lines. The CNC network included 
592 network nodes and 934 associations between 12 lncRNAs 
and 580 protein-coding genes, indicating that one lncRNA 
could act on a maximum of 141 coding genes, and that one 
coding gene may corresponded with a maximum of 5 lncRNAs. 

Overall, the present study has provided a complete expression 
profile of lncRNAs and mRNAs in cervical cancer, which may 
now be used to establish a solid foundation for cervical cancer 
research. These results may provide significant information for 
improving the understanding of the pathogenesis of cervical 
cancer and indicate potential therapeutic targets.

Introduction

Cervical cancer is the most common type of malignant 
neoplasm in the female reproductive system and ranks as the 
second most common cause of gynecological cancer‑associ-
ated mortality, with 47,130 new cases and 8,010 mortalities 
reported in the United States in 2014 (1). Despite decreases 
in the incidence and mortality rates of cervical cancer, which 
are largely due to progress in surgical treatment (2) radio-
therapy (3) and chemotherapy (4), cervical cancer remains a 
substantial threat to women's health globally (5). It has been 
hypothesized that the carcinogenesis and development of 
cervical cancer are associated with sexual behavior, child-
birth, persistent human papillomavirus (HPV) infection and 
smoking (6). Extensive efforts have been made to clarify the 
genetic and epigenetic mechanisms that underlie the growth 
and invasion of cervical cancer. However, the pathogenesis 
remains understood. Pelvic lymph node metastasis may serve 
as an independent prognostic factor (7); however, the lack of 
specific tumor markers for the prediction of cervical cancer 
mortality and invasion has yet to be resolved.

Long non‑coding RNA (lncRNA) is defined as RNA of 
>200 nucleotides without protein‑coding function. It has been 
reported that the portion of the human genome that encodes 
proteins may be <2% (8). A growing number of lncRNAs have 
been recognized as key regulators, rather than simply tran-
scriptional noise. They are associated with various biological 
processes, including genomic imprinting, X chromosome inac-
tivation, chromatin modification, transcription interference, 
transcription activation and nuclear transport (8-10). lncRNAs 
are one of the most highly expressed classes of non‑coding 
RNAs in human cervical tissue, and their relevance to cervical 
cancer is steadily becoming more apparent (11). A previous 
study demonstrated that lncRNA expression levels differ, with 
statistical significance, between three cervical intraepithelial 
neoplasia grades, indicating that these transcripts may be 
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involved in the development and progression of pre-cancerous 
lesions (12). Studies on this topic have revealed that aberrant 
expression of certain lncRNAs, including HOX transcript 
antisense RNA (HOTAIR), metastasis-associated lung 
adenocarcinoma transcript 1, cervical carcinoma-expressed 
PCNA regulatory lncRNA, lncRNA‑EBIC (also known as 
thymopoietin pseudogene 2), growth arrest‑specific 5, and 
lncRNA-LET (also known as NPTN intronic transcript 1), 
serves critical roles in cervical cancer development, invasion 
and metastasis (13-18). However, none of these lncRNAs has 
been applied as biomarker for clinical diagnosis. Furthermore, 
the precise function of the majority of lncRNAs remains 
unknown despite extensive research efforts. Thus, there is an 
urgent requirement to identify the mechanisms of interaction 
between lncRNAs and coding genes.

In the present study, a high‑throughput microarray 
was employed to analyze lncRNA and mRNA expression 
profiles in samples of cancerous and normal cervical tissue. 
Gene Ontology (GO) and pathway enrichment analyses 
investigated enriched functions of the predicted targets, 
allowing the establishment of an lncRNA-mRNA correla-
tion network. The results illustrated that differences in 
the expression levels of lncRNAs, in addition to mRNAs, 
may be associated with cervical cancer pathogenesis; the 
comprehensive analysis of lncRNAs and mRNA may lay 
a foundation for further investigation in the diagnosis and 
treatment of cervical cancer.

Materials and methods

Patient specimens and RNA extraction. A total of 6 cervical 
carcinoma samples and 6 normal cervical tissues were 
collected for microarray. The 6 cervical carcinoma samples 
were labeled C1 and C3‑7, C2 was diagnosed cervical 
carcinoma in situ and was not suitable for microarray. For 
validation, another 20 normal and 30 cancerous cervical 
tissue samples were also selected. The number of cervical 
cancer tissues was subsequently increased to 60 for the study 
of the association between ENST00000551152 expression 
and clinicopathological parameters. Patient characteristics are 
summarized in Table I. All the tissue samples were obtained 
between January 2014 to January 2015 from the Department of 
Gynecology, First Affiliated Hospital of Sun Yat‑sen University 
(Guangzhou, China). Samples were selected based on the diag-
nosis of cervical cancer, determined by at least two pathologists 
and no patients had received chemotherapy or radiotherapy 
prior to surgery. All provided written, informed consent. The 
present study was approved by the Medical Ethics Committees 
at the First Affiliated Hospital of Sun Yat‑sen University. All 
samples were stored at ‑80˚C until RNA extraction.

Extraction of total RNA from fresh tissues was performed 
using RNAiso Plus reagent (Takara Biotechnology Co., Ltd., 
Dalian, China) and the total RNA content of each sample 
was quantified using a NanoDrop ND‑1000 (Thermo Fisher 
Scientific, Inc., Wilmington, DE, USA). Standard denaturing 
agarose gel electrophoresis was performed to evaluate the 
RNA integrity.

RNA labeling and array hybridization. Following the 
Agilent One‑Color Microarray‑Based Gene Expression 

Analysis protocol (Agilent Technologies, Inc., Santa Clara, 
CA, USA), sample labeling and array hybridization were 
implemented in the 6 cancer tissues and 6 normal cervical 
tissues. Ribosomal RNA was removed to leave purified 
mRNA using an mRNA‑ONLY™ Eukaryotic mRNA 
Isolation Kit (Epicentre; Illumina, Inc., San Diego, CA, 
USA). The entire lengths of the transcripts were transcribed 
into fluorescent complementary RNA (cRNA) without 3' 
bias by using random priming. The labeled cRNA was then 
purified with an RNeasy Mini Kit (Qiagen China Co., Ltd, 
Shanghai, China). A mixture containing 5 µl 10X blocking 
agent, 1 µg 25X fragmentation buffer and 1 µg of each 
labeled cRNA sample was fragmented and then heated for 
30 min at 60˚C. To dilute the labeled cRNA, 25 µl 2X GE 
Hybridization buffer (GE Healthcare Life Sciences, Logan, 
UT, USA) was added. After dispensing into the gasket slide, 
50 µl of hybridization solution was applied to the lncRNA 
expression microarray slide. Incubation of the slides was 
performed in an Agilent hybridization oven at 65˚C for 17 h 
(Agilent Technologies, Inc.). Washing, fixing and scanning of 
the hybridized arrays were completed with the Agilent DNA 
microarray scanner (part no. G25005C).

Data analysis of lncRNA and mRNA expression profiles. 
The general profiles of human lncRNAs and protein‑coding 
transcripts from the 6 cervical carcinoma samples and 6 
normal cervical tissues were detected using the Arraystar 
Human lncRNA Microarray V3.0 (Arraystar, Inc., Rockville, 
MD, USA); using this array, ~26,109 coding transcripts and 
30,586 lncRNAs are detectable. Array images were analyzed 
by Agilent Feature Extraction software (version 11.0.1.1; 
Agilent Technologies, Inc.). Following quantile normaliza-
tion and data processing in GeneSpring GX v11.5.1 software 
package (Agilent Technologies, Inc.), lncRNA and mRNAs 
flagged as Present or Marginal (‘all Target Value’) in ≥6 out 
of 12 samples and were selected for further analysis. Volcano 
plot filtering was employed to validate the significance of 
the differences in the lncRNA and mRNA expression levels 
between the cancer and normal cervical tissues. GeneSpring 
GX was used to perform hierarchical clustering. GO and 
pathway analyses were performed using standard enrichment 
computation.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Following total RNA extraction as described, 
cDNA synthesis was performed for 15 min at 37˚C and 5 sec at 
85˚C with PrimeScript RT Master Mix (Takara Biotechnology 
Co., Ltd.) according to the manufacturer's protocol. Primer 
sequences are listed in Table II. SYBR Premix Ex Taq (Takara 
Biotechnology Co., Ltd.) was used with 2 µl template cDNA in 
each reaction for qPCR with a 7500 Fast Real‑Time PCR System 
(Applied Biosystems; Thermo Fisher Scientific, Inc.). In the 
40 cycles of PCR, pre‑denaturation was performed for 30 sec 
at 95˚C, while the parameters for denaturation and annealing 
were set at 95˚C for 5 sec and 60˚C for 34 sec, respectively. 
The 2-ΔΔCq value [ΔCq=Cq(RNA)‑Cq(GAPDH)] (19) was used 
to determine an average cycle threshold value from triplicate 
reactions and calculate the level of genomic expression (20). 
Single product amplification was ensured by the generated 
melting curves.
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GO and pathway analysis. GO is a functional analysis that 
annotates genes and attributes associated with their expression 
using ontological categories, including ‘biological process’, 
‘cellular component’ and ‘molecular function’. GO categories 
(http://www.geneontology.org) were applied to the differen-
tially expressed lncRNAs (21). To analyze how the target genes 
function in the cellular pathways, the Kyoto Encyclopedia of 
Genes and Genomes (KEGG; http://www.kegg.jp) (22) data-
base was used. The P‑value, which represents the importance 
of the pathway, was used with a cut‑off 0.5, with lower values 
indicating greater significance.

lncRNA‑mRNA correlation network. The lncRNA-mRNA 
correlation network was established according to lncRNA 
target predictions along with differentially expressed 
lncRNA and mRNA profiles using Cytoscape (http://www.

cytoscape.org) (23). The lncRNAs and mRNAs that were 
selected to create the network were those with Pearson corre-
lation coefficients ≥0.99.

Cell culture. The cervical carcinoma cell lines HeLa, SiHa, 
MS751 and C33A were purchased from the American Type 
Culture Collection (Manassas, VA, USA) and cultured in 
Dulbecco's Modified Eagle's medium (Gibco; Thermo Fisher 
Scientific, Inc.) or RPMI‑1640 medium (BRI, Rockville, MD, 
USA), supplemented with 10% fetal bovine serum (Hyclone; 
GE Healthcare Life Sciences), penicillin (100 U/ml), and 
streptomycin (100 µg/ml). The conditions during cell culture 
were 5% CO2, 95% humidified air, and 37˚C.

Statistical analysis. Statistical analyses were performed 
using SPSS software (version 13.0; SPSS, Inc., Chicago, 

Table I. Correlation between ENST00000551152 expression and clinicopathological characteristics in early‑stage squamous 
cervical cancer.

 ENST00000551152 expression, n (%)
 ---------------------------------------------------------------------
Characteristic All patients, n Low High P-value

Total 60 14 (23.3) 46 (76.7) 
Age, years    0.297
  ≤42 33 6 (18.2) 27 (81.8) 
  >42 27 8 (29.6) 19 (70.4) 
FIGO stage    0.017a

  IB1 29 12 (41.4) 17 (58.6) 
  IB2   8 1 (12.5) 7 (87.5) 
  IIA1 17 1 (5.9) 16 (94.1) 
  IIA2   6 0 (0.0) 6 (100.0) 
Tumor size, cm    0.022a

  ≤4 39 13 (33.3) 26 (66.7) 
  >4 21 1 (4.8) 20 (95.2) 
Differentiation grade    0.056
  Well‑differentiated   7 4 (57.1) 3 (42.9) 
  Moderately differentiated 25 6 (24.0) 19 (76.0) 
  Poorly differentiated 28 4 (14.3) 24 (85.7) 
Extent of stromal invasion    0.001
  <1/2 29 12 (41.4) 17 (58.6) 
  ≥1/2 31 2 (6.5) 29 (93.5) 
LVSI    0.053a

  Yes 11 0 (0.0) 11 (100.0) 
  No 49 14 (28.6) 35 (71.4) 
PLNM    0.026a

  Yes 14 0 (0.0) 14 (100.0) 
  No 46 14 (30.4) 32 (69.6) 
SCC antigen, ng/ml    0.004
  <1.5 27 11 (40.7) 16 (59.3) 
  ≥1.5 33 3 (9.1) 30 (90.9) 

aP‑value calculated using Fisher's exact test. All other P‑values were calculated using χ2 test. FIGO, International Federation of Gynecology and 
Obstetrics; LVSI, lymphovascular space invasion; PLNM, pelvic lymph node metastasis; SCC, squamous cell carcinoma.
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IL, USA). All data are presented as the mean ± standard 
deviation. The Student's t‑test was used for evaluating the 
statistical significance of differences in the means between 
two groups. The association between lncRNA expression 
and clinicopathological features was assessed using the χ2 
test and Fisher's exact test. P<0.05 was considered to indi-
cate a statistically significant difference. Receiver operating 
characteristic (ROC) curve analysis was employed to define 
the cutoff value for high expression of lncRNA by the 
(0,1)-criterion, and the area under the curve was calculated 
as previously described (24).

Results

Aberrant lncRNA and mRNA expression in cervical cancer. 
The profiles of lncRNAs and mRNAs in paired cervical cancer 
and normal cervical tissue samples were produced using 
microarray technology to investigate the potential biological 
function of lncRNAs in cervical cancer (Fig. 1A and B). 

Relative to normal tissue, 5,844 (19.1%) lncRNAs presented 
differential expression in cancer tissue (fold-change, ≥2) 
among the 30,586 detected lncRNA transcripts. This included 
2,574 upregulated 3,270 downregulated lncRNAs. The most 
prominently upregulated and downregulated lncRNAs were 
uc002jcf.3 (fold‑change, 57.214) and NR_027122 (fold‑change, 
620.995), respectively.

In the mRNA expression profile data, 1,538 upregulated 
mRNAs and 2,898 downregulated mRNAs were detected 
(Fig. 1C and D). Among these mRNAs, the most promi-
nently upregulated and downregulated mRNAs were Kelch 
domain‑containing 7B (fold‑change, 224.009) and keratin 1 
(fold‑change, 339.108), respectively.

Ontological and pathway analysis of target genes of differen‑
tially expressed lncRNAs. To investigate a possible correlation 
between functional grouping and the differentially expressed 
lncRNAs, GO annotation categories including ‘biological 
process’ (Fig. 2A and B), ‘cellular component’ (Fig. 2C and D) 
and ‘molecular function’ (Fig. 2E and F) were explored for 
the differentially expressed mRNAs of the samples. In the GO 
‘biological process’ classification, the majority of the upregu-
lated and downregulated GO annotations were associated 
with ‘cellular process’ and ‘regulation of cellular process’. The 
‘cellular component’ classification search revealed that a large 
proportion of genes that were upregulated in cervical cancer 
were annotated as GO categories ‘intracellular’, ‘intracellular 
part’, ‘organelle’ and ‘intracellular organelle’; ‘cell’ and ‘cell 
part’ accounted for the greatest numbers of downregulated 
genes. The most common ‘molecular function’ GO annota-
tions for all differentially expressed genes were associated 
with ‘binding’ and ‘protein binding’.

Additionally, pathway analysis was accomplished with 
the KEGG database (22) to investigate the biological path-
ways associated with the mRNAs with the most pronounced 
differential expression in cervical cancer. A total of 40 upregu-
lated pathways were identified in the cervical cancer tissue, 
which were correlated with the KEGG pathway categories 
‘cytokine‑cytokine receptor interaction’, ‘chemokine signaling 
pathway’, ‘transcriptional misregulation in cancer’ and ‘cell 
cycle’. A total of 37 downregulated pathways were identified, 
which were associated with the categories ‘MAPK signaling 
pathway’, ‘pathways in cancer’ and ‘Wnt signal pathway’; all 
have been previously reported to be associated with cervical 
cancer (Fig. 3) (25,26).

Construction of lncRNA‑mRNA correlation network. In total, 
592 network nodes and 934 associations between 12 lncRNAs 
and 580 coding genes were included in the CNC network, 
within which there were 500 positive correlation pairs, and 
434 negative correlation pairs. The co‑expression network 
demonstrated that one lncRNA could act on 141 coding 
genes maximally, and that one coding gene corresponded to 
a maximum of 5 lncRNAs. The mutual regulation between 
lncRNAs and mRNAs in cervical cancer was also indicated 
in the CNC network.

RT‑qPCR validation. To confirm the microarray results, 
12 lncRNAs were selected at random and validated by 
RT‑qPCR. The expression levels of these lncRNAs were 

Table II. Primers used for quantitative polymerase chain reac-
tion analysis of long non‑coding RNA levels.

Sequence ID Primer sequence (5' to 3')

TCONS_00001368 F: CACACAAGGACTGGAGCAAA
 R: CACCTAACCCACCACATTCA
NR_033746 F: GCAGCTCAGGTTCTCCAAAT
 R: CCCTCTTTAGCCTGTTGGTC
NR_027122 F: CTGTCCTCCTGCTCTTTGC
 R: GAGTTTTGGGTTCACGGATA
ENST00000421943 F: GGGACCAGGAATGTGAACTT
 R: TGCCCTCAGATGTGAAACTC
ENST00000439076 F: ACAGGCGGCAGAGAAGAAG
 R: GACACACGCAGTCATTCAGG
ENST00000448991 F: GCAGACTTGACCTCTTGGC
 R: ATAGTGGGTATCGGGGGTG
uc001iot.1 F: GAGAAGAGGCGAACGAGG
 R: GTGGGACAGCCAATACATA
 AT
ENST00000414085 F: CGCAGAACTTTGCTGGAGA
 R: GAAATACAGAGTCAGAGAGC
 GTG
ENST00000421498 F: GACCATGCTGTTGAAACCAC
 R: TCAAGGAGAGCACAAGGAA
 CT
ENST00000428667 F: TTTCCATACCCAGCCAACTT
 R: CTTCCTGCACTGCCAACCT
ENST00000443523 F: CCTGGCTGGAGATGCTTACT
 R: GGTTCCTGTTGGGACTTTAGA
ENST00000551152 F: GCAAGAACTGAGACCTGACG
 R: TAAGCACACCACTCCACTGC
GAPDH F: GGGAAACTGTGGCGTGAT
 R: GAGTGGGTGTCGCTGTTGA

F, forward; R, reverse.
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detected in 30 cervical carcinoma tissues and 20 normal 
cervical tissues. The analysis revealed that the lncRNAs 
ENST00000414085, ENST00000428667, ENST00000551152 
and ENST00000443523 were upregulated, and that 
ENST00000421943, NR_027122, ENST00000448991, 
ENST00000439076, TCONS_00001368 and NR_033746 
were downregulated in the cervical carcinoma tissues relative 
to the normal cervical tissues (P<0.05; Fig. 4), in good consis-
tency with the microarray results. However, the lncRNAs 
ENST00000421498 and uc001iot.1 showed no statistically 
significant differences in expression between cancerous tissue 
and normal tissues. In summary, the vast majority of the 
lncRNAs assessed by RT‑qPCR were in line with the trends 
observed by lncRNA microarray.

For further study on the potential function of lncRNAs, the 
upregulated lncRNA ENST00000551152 and downregulated 
lncRNA TCONS_00001368 were investigated in cervical 
carcinoma cell lines. It was observed that ENST00000551152 
was overexpressed in SiHa, HeLa, C33A and MS751 cervical 

cancer cell lines compared with normal cervical cancer tissues, 
whereas the expression of TCONS_00001368 was decreased 
in these cervical cancer cell lines (P<0.05; Fig. 5).

Correlation of ENST00000551152 expression and 
clinicopathological parameters. As ENST00000551152 
had the highest level of overexpression among the 12 
lncRNAs selected for validation, the association between 
ENST00000551152 expression level and clinicopathological 
characteristics in cervical cancer patients was examined to 
reveal the potential role of this lncRNA in cervical cancer 
pathogenesis. Additionally, 20 normal and 60 cancerous 
cervical tissue samples were selected for ENST00000551152 
level quantification. The data indicated that the expression 
of ENST00000551152 in cancer tissues was significantly 
increased by 2.45 mean fold‑change compared with that in 
normal cervical tissues (P<0.05; Fig. 6).

ROC curve analysis was employed to determine the 
cutoff value for high ENST00000551152 expression (Fig. 7). 

Figure 1. lncRNA and mRNA profiles compared between the 6 cervical cancer samples and 6 normal tissue samples. The scatterplots summarize (A) lncRNA 
and (C) mRNA expression variation between six cervical cancer samples and six normal cervical samples. The box plots summarize the distribution of 
(B) lncRNA and (D) mRNA microarray fluorescence intensity values following normalization. lncRNA, long non‑coding RNA; C1, C3‑7, cervical cancer 
samples; N1‑6, normal cervical tissue samples.
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Figure 3. Enriched pathway analysis for DE mRNAs. Pathway analysis was predominantly based on the Kyoto Encyclopedia of Genes and Genomes database. 
The top 10 pathways associated with (A) upregulated and (B) downregulated DE mRNAs are presented. DE, differentially expressed; sig, significant; MAPK, 
mitogen‑activated protein kinase.

Figure 2. GO analysis of differentially expressed genes. The chart shows the top 10 most significantly enriched GO terms for the different categories. Enriched 
category annotations in (A and B) ‘biological process’, (C and D) ‘cellular component’, and (E and F) ‘molecular function’ are shown for differentially 
expressed mRNAs in cervical cancer and normal tissues. GO, gene ontology.
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Based on this analysis, a total of 46 cancer tissue samples 
had ≥1.45‑fold increased ENST00000551152 levels and were 
defined as having high level of expression, whereas 14 cases had 
<1.45‑fold expression and were considered as having low level 
expression. Significant correlations were identified between the 
ENST00000551152 expression level and several prognostic risk 
factors, including the International Federation of Gynecology 
and Obstetrics (FIGO) stage (P=0.017), tumor size (P=0.022), 
extent of stromal invasion (P=0.001), pelvic lymph node metas-
tasis (P=0.026) and SCC expression level (P=0.004). No 
significant difference was found between the expression 
of ENST00000551152 and other variables, including age, 
differentiation grade and lymphovascular space invasion 
(Table I). Taken together, the data indicate that the lncRNA 

Figure 4. Validation of 12 selected lncRNA expression levels by reverse 
transcription‑quantitative polymerase chain reaction. A total of 30 
cervical cancer tissues and 20 normal cervical cancer tissues were used 
for validation. Of the 12 selected lncRNAs, 10 showed a consistent expres-
sion pattern with the microarray data (*P<0.05). The 2 exceptions to the 
consistency were lncRNAs ENST00000426615 and uc001iot.1. lncRNA, 
long non‑coding RNA.

Figure 5. Relative expression levels of two lncRNAs in cervical cancer cell 
lines. (A) ENST00000551152 lncRNA, which was upregulated in cervical 
cancer tissue samples, was confirmed to be significantly overexpressed in 
SiHa, HeLa, C33A and MS751 cervical cancer cell lines when compared 
with NCT. (B) TCONS_00001368 lncRNA, which was significantly 
downregulated in cervical cancer tissue samples, was also confirmed to be 
downregulated in SiHa, HeLa, C33A and MS751 cervical cancer cell lines 
when compared with NCT. *P<0.05 vs. NCT. lncRNA, long non‑coding 
RNA; NCT, normal cervical tissues.

Figure 6. Relative expression of the long non‑coding RNA ENST00000551152 
in CC tissues. The expression of ENST00000551152 (also known as 
RP11‑396F22) was significantly higher in CC tissues than in NCT. *P<0.05 
vs. NCT. CC, cervical cancer; NCT; normal cervical tissues.

Figure 7. ROC curve analysis. Using a ROC curve analysis, a 1.45‑fold 
increase in the ENST00000551152 long non-coding RNA level in cancer 
tissues compared with normal tissues was defined as a high level of expres-
sion. ROC, receiver operating characteristic; AUC, area under the curve; 
CI, confidence interval.
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ENST00000551152 may serve a critical role in cervical cancer 
pathogenesis.

Discussion

The significance of lncRNA in cancer pathogenesis and the 
correlations between various types of human cancers and 
the aberrant expression of lncRNAs have been elaborated in 
numerous studies in the past decade (27,28). Certain lncRNAs 
behave like oncogenes or tumor-suppressors, performing 
important functions in cancer initiation, progression, metas-
tasis or recurrence. For example, the lncRNA HOTAIR 
promotes cellular proliferation, cell cycle progression, migra-
tion, and invasion via inhibiting p21 in cervical cancer, and 
thus functions as an oncogene (17). By contrast, lncRNA‑LET 
serves as a tumor suppressor; the overall survival of patients 
with cervical cancer with downregulated lncRNA-LET is 
markedly poorer than in those with lncRNA‑LET upregula-
tion (14). Thus, it is hypothesized that lncRNAs may be key 
regulators in cervical cancer pathogenesis. However, the exact 
pathogenesis-associated functions of lncRNAs in cervical 
cancer remain unclear. Thus, it is necessary to identify the 
expression patterns of lncRNAs on a large scale, which is likely 
to aid in the identification of novel biomarkers and provide a 
potential therapeutic target for further research.

In the present study, the differential expression patterns of 
lncRNAs and mRNAs were profiled by comparing cervical 
cancer and normal cervical tissue samples to identify the 
pathogenesis‑associated functions of lncRNAs. A total 
of 5,844 lncRNAs and 4,436 mRNAs were differentially 
expressed (with fold‑change, ≥2) according to the microarray 
results. Among the 5,844 lncRNAs, 2,574 were upregulated 
and 3,270 were downregulated, a large portion of which 
have not yet been functionally characterized. To confirm the 
consistency of the microarray, 12 lncRNAs were randomly 
selected for quantification by RT‑qPCR in 30 cervical 
cancer and 20 normal cervical tissue samples. The RT‑qPCR 
results were largely consistent with the microarray data, 
demonstrating that the high‑throughput microarray was 
able to reflect the actual expression patterns of lncRNAs 
in cervical cancer tissue samples. In order to gain a better 
understanding of the biological function of lncRNAs, the 
expression levels of ENST00000551152 (upregulated) and 
TCONS_00001368 (downregulated) were assessed in cervical 
cancer cell lines. Furthermore, the association between the 
expression of ENST00000551152 and clinicopathological 
variables were analyzed in tissue samples. It was identified that 
ENST00000551152 expression levels were closely associated 
with FIGO stage, tumor size, stromal invasion, pelvic lymph 
node metastasis and SCC antigen expression level. Thus, 
ENST00000551152 shows great potential as a biomarker in 
cervical cancer pathogenesis. Due to the limits of the present 
study, further study should be conducted to investigate the 
mechanism by which lncRNAs affect the biology of cervical 
cancer cells.

Analysis of differentially expressed mRNAs, which were 
potential targets of the differentially expressed lncRNAs, was 
completed utilizing the KEGG pathway annotation database 
in order to increase understanding of the possible functional 
roles of the lncRNAs. Relative to normal cervical tissues, 

cervical cancer tissue exhibited upregulated mRNAs that were 
associated with 40 KEGG pathways. The pathways included 
‘cytokine‑cytokine receptor interaction’, ‘chemokine signaling 
pathway’, and ‘cell cycle’, all of which have previously been 
implicated by a number of studies (29-31). The downregulated 
mRNAs were enriched for 37 pathways, of which ‘MAPK 
signaling pathway’ was the most frequently reported. The 
CNC network suggested that the regulatory interaction 
between lncRNAs and mRNAs is complex in cervical cancer. 
Although elaboration of the exact mechanisms of those genes' 
involvement in cervical cancer was not achieved, lncRNAs 
with differential expression may be participants in cervical 
cancer by regulating these coding genes.

In conclusion, the present study has demonstrated the 
comprehensive expression profile of lncRNAs and mRNAs 
in cervical cancer via microarray technology. The differential 
expression of lncRNAs and mRNAs were observed in cervical 
cancer samples relative to paired normal cervical tissues. The 
potential correlation between lncRNAs and protein-coding 
genes and the roles of lncRNAs in cervical cancer were 
investigated via bioinformatics analyses, including a CNC 
network, KEGG pathway annotation and GO category clas-
sification. Detailed regulatory mechanisms remain to be 
further elaborated. Furthermore, each lncRNA and associated 
mRNA interaction could be a candidate diagnostic marker or 
therapeutic target for cervical cancer, and further investigation 
is required.
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