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Abstract. Increasing evidence has indicated that long 
non‑coding RNAs (lncRNAs) serve an essential role in carci‑
nogenesis and cancer development. It has been reported that 
lncRNA nicotinamide nucleotide transhydrogenase antisense 
RNA 1 (NNT‑AS1) serves a crucial role in several types of 
cancer. However, the clinical significance of circulating 
NNT‑AS1 expression in colorectal cancer (CRC) remains 
to be elucidated. The current study aimed to investigate the 
potential role of NNT‑AS1 and the clinical significance of its 
serum expression levels in patients with CRC. The expres‑
sion of NNT‑AS1 was measured in 40 pairs of tumor and 
adjacent normal tissues from patients with CRC via reverse 
transcription‑quantitative PCR. The serum expression levels 
of NNT‑AS1 were assayed in an independent cohort of healthy 
controls and patients with CRC. The levels of NNT‑AS1 were 
also compared between paired preoperative and postop‑
erative serum samples. In addition, the presence of exosomal 
NNT‑AS1 in serum was explored. Furthermore, the biological 
roles of NNT‑AS1 were investigated in CRC cells in vitro. 
The expression of NNT‑AS1 was significantly upregulated in 
tumor tissues compared with adjacent normal tissues (P<0.05). 
A higher level of NNT‑AS1 was associated with an advanced 
CRC stage. The serum levels of NNT‑AS1 were significantly 
upregulated in patients with CRC compared with healthy 
subjects (P<0.05). Furthermore, the NNT‑AS1 levels were 
significantly decreased in postoperative samples compared 
with preoperative samples (P<0.01). In addition, it was also 
identified that NNT‑AS1 was upregulated in CRC exosomes 
(P<0.01), whereas no significant difference was observed in 

NNT‑AS1 levels between serum and exosomes. Silencing of 
NNT‑AS1 inhibited the proliferation, migration and invasion 
of CRC cells. It was also identified that NNT‑AS1 exerted 
its effects via regulation of the microRNA‑496/Ras‑related 
protein Rap‑2c axis. The present study demonstrated that 
circulating NNT‑AS1, which may be protected by exosomes, 
could be a novel potential biomarker and therapeutic target in 
CRC.

Introduction

Colorectal cancer (CRC) is a primary cause of cancer‑related 
deaths, with >1.2 million newly diagnosed cases every year 
worldwide (1). Although great achievements have been made 
in diagnostic approaches and therapeutic strategies, the 
clinical outcome of advanced CRC remains poor (2). It has 
been identified that the survival rate of patients with CRC is 
highly associated with the stage, with ~90% for stage I and 
only 25% for stage II (3). Therefore, there is an urgent require‑
ment to identify reliable biomarkers of CRC progression and 
provide potential therapeutic targets.

Long non‑coding (lnc)RNAs are a group of non‑coding 
(nc)RNAs with a length of >200 nucleotides (4). For a long 
time, lncRNAs were considered the ‘junk’ of the genome due 
to their inability to encode proteins (5). In previous years, 
accumulating evidence has demonstrated that lncRNAs 
serve essential roles in the initiation and progression of 
cancer, and can therefore be used as reliable diagnostic and 
prognostic biomarkers (6). Notably, lncRNAs are relatively 
stable and it is feasible to detect cancer‑related lncRNAs in 
blood and/or other body fluids (7). lncRNA nicotinamide 
nucleotide transhydrogenase antisense RNA 1 (NNT‑AS1) is 
a newly‑identified lncRNA that is located in the chromosome 
5p12 region, with a full length of 3,304 bp (8). NNT‑AS1 is 
abnormally expressed in various types of cancer, including 
cervical cancer, osteosarcoma, gastric cancer and lung 
cancer  (9‑11). NNT‑AS1 is also identified to be highly 
upregulated in CRC tissues compared with adjacent normal 
tissues and can contribute to the migration and invasion 
of CRC cells  (12). However, the clinical significance of 
circulating NNT‑AS1 expression in CRC has not yet been 
investigated.
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Previous studies have identified that nanosized vesicles, 
also known as exosomes, may function as natural carriers 
to transport proteins, mRNAs and various ncRNAs (13,14). 
Exosomes can be identified in various human body fluids, 
such as plasma, saliva, serum and urine (14). Their double 
layer construction makes exosomes ideal vehicles that 
protect biomolecules from lysosomal and/or other enzymes. 
Exosomes are involved not only in cell‑to‑cell communica‑
tion, but also in the progression of tumorigenesis (15). Certain 
lncRNAs can be selectively packaged into exosomes, which 
are correlated with the clinicopathological features of cancer, 
and therefore may have useful applications as cancer‑related 
biomarkers (16).

MicroRNAs (miRNAs/miRs) are another type of ncRNA 
with a length of ~20 nucleotides. A number of studies have iden‑
tified that miRNAs are involved in the pathogenesis of various 
human diseases, including types of human cancers (17). Among 
such miRNAs, miR‑496 has been identified as a regulator in 
the progression of different cancers, including lung cancer, 
breast cancer and osteosarcoma (18,19). However, there are 
few studies on the role of miR‑496 in CRC. Ras‑related protein 
Rap‑2c (RAP2C) belongs to the GTP‑binding protein family 
and has been identified to participate in the development of 
different types of cancer. For instance, RAP2C promotes 
the migration and invasion of osteosarcoma cells  (20). In 
addition, RAP2C has also been identified to promote the 
tumorigenesis of breast cancer and laryngeal squamous cell 
carcinoma (21,22). However, there remains a lack of studies 
regarding the role of RAP2C in CRC.

The current study evaluated the expression levels of 
NNT‑AS1 in CRC tissues and adjacent normal tissues, followed 
by analysis of serum NNT‑AS expression in patients with CRC 
and healthy controls. The presence of serum NNT‑AS1 in 
exosomes was also determined and it indicated that exosomal 
NNT‑AS1 may be a novel biomarker for CRC. In addition, 
the role of NNT‑AS1 in CRC was also investigated and it was 
demonstrated that NNT‑AS1 exerted its effects on CRC cells 
via regulation of the miR‑496/RAP2C axis.

Materials and methods

Patient and healthy control specimens. The present study 
was approved by the Ethical Committee of Hwamei 
Hospital, University of Chinese Academy of Sciences 
(Ningbo, China; approval no. 43321764) and all procedures 
were conducted according to the Declaration of Helsinki. 
Written informed consent was obtained from each patient. 
All patients and healthy controls involved in this study were 
recruited from Hwamei Hospital between January 2017 and 
August 2019 according to the following criteria: i) Patients 
who underwent surgery with curative intent; ii)  relevant 
clinical features (Table I) are available; iii) patients who did 
not receive radiotherapy or chemotherapy; iv) patients without 
other tumors. A total of 40 resected tumor tissues and adjacent 
normal tissues (≥1 cm from tumor tissue) were obtained at 
the Department of General Surgery. The diagnosis of CRC 
was histopathologically confirmed and other clinical data, 
including age, sex, tumor location, tumor size, differentiation, 
lymph node metastasis and distant metastasis, were collected. 
The postoperative pathological staging was evaluated based on 

the 7th edition of the Union for International Cancer Control 
tumor‑node‑metastasis (TNM) staging system (23). Serum 
samples were obtained from 40 age‑ and sex‑matched healthy 
volunteers. All patients underwent physical examinations at 
Hwamei Hospital before recruitment. All resected tissue 
samples were immediately snap‑frozen in liquid nitrogen. 
Venous blood was collected and prepared as previously 
described and stored at ‑80˚C until analysis (14).

Serum exosome isolation. Exosomes were isolated and puri‑
fied from 0.5 ml serum using a Total Exosome Isolation Kit 
(cat. no. 4484450, Thermo Fisher Scientific, Inc.) according 
to the manufacturer's instructions. The exosomes were then 
suspended in 1X phosphate‑buffered saline (PBS) and stored 
at ‑80˚C before use.

Cell culture and transfection. Human normal colorectal epithe‑
lial cells (HCnEpC) and human CRC cells (LoVo, RKO, SW48 
and HCT116) were purchased from The Cell Bank of Type 
Culture Collection of the Chinese Academy of Sciences. All 
cells were cultured at a density of 1x106 cells/ml in RPMI‑1640 
medium (HyClone; Cytiva) supplemented with 10%  fetal 
bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.), 
100 U/ml penicillin and 100 µg/ml streptomycin (Thermo Fisher 
Scientific, Inc.) at  37˚C with 5%  CO2. For transfection, 
small interfering (si)RNA against NNT‑AS1 (si‑NNT‑AS1, 
5'‑GAAAAGAAAAAGAAGCUUATT‑3'), scramble siRNA 
negative control (si‑NC, 5'‑UUCUCCGAACGUGUCACG‑3'), 
pcDNA3.1 vector (empty control), NNT‑AS1 overexpression 
vector (pcDNA. NNT‑AS1), miR‑496 mimic (5'‑UGA​GUA​
UUA​CAU​GGC​CAA​UCU​C‑3'), scramble negative control 
miRNA mimic (miR‑NC) (5'‑ACC​GUA​CAC​GUU​ACC​
GUC​ACU‑3'), miR‑496 inhibitor (5'‑GAG​AUU​GGC​CAU​
GUG​UAA​UAC​UCA‑3'), miR‑NC inhibitor (5'‑CAU​AAC​
GAC​UAC​GGU​ACC​AUC​A‑3') and RAP2C overexpression 
vector (pcDNA. RAP2C) were all synthesized by Shanghai 
GenePharma Co., Ltd. All transfections were conducted 
using Lipofectamine®  2000 (Invitrogen; Thermo  Fisher 
Scientific, Inc.) according to the manufacturer's instructions. 
The working concentration of siRNA was 20 nM and that for 
miRNA mimics and inhibitors was 50 nM. The concentration 
used for plasmids was 100 nM. At 24 h after the transfection, 
following assays were conducted.

Total RNA purification and reverse transcription‑quantitative 
(RT‑q)PCR. Total RNA was purified from tissues (5 g)/serum 
(5  ml) using TRIzol® reagent (Thermo  Fisher Scientific, 
Inc.) and exosomal RNA of serum was extracted using the 
mirVana™ PARIS™ RNA and Native Protein Purification 
Kit (Thermo Fisher Scientific, Inc.) according to the manu‑
facturer's instructions. The quantity and quality of RNA were 
measured using a NanoDrop™  2000 Spectrophotometer 
(Thermo Fisher Scientific, Inc.). cDNA was generated by 
reverse transcription using a PrimeScript RT Reagent Kit 
(Takara Biotechnology Co., Ltd.) according to the manu‑
facturer's instructions. SYBR® Premix Ex Taq™ II (Takara 
Biotechnology Co., Ltd.) was used to perform RT‑qPCR and 
reactions were run in duplicate at 95˚C for 30 sec for 1 cycle, 
followed by 40 cycles of 95˚C for 3 sec and 60˚C for 30 sec. 
The total reaction volume was 50 µl. Primers were designed 
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as follows: NNT‑AS1, forward 5'‑ACG​TGC​AGA​CAA​CAT​
CTA​CCT‑3' and reverse 5'‑TAC​AAC​ACC​TTC​CCG​CAT‑3'; 
miR‑496, forward 5'‑GCA​ATC​CTG​AGG​AAG​AGG​ATG​
TGG​A‑3' and reverse 5'‑TCT​GAG​CTG​CGA​GTC​ATT‑3'; 
GAPDH, forward 5'‑CCC​ACT​TGA​AGG​GTG​GAG​CCA​A‑3' 
and reverse 5'‑TGG​CAT​GGA​CTG​TGG​TCA​TGA‑3'; Tubulin, 
forward 5'‑ATG​CGT​GAA​ATA​GTT​CAT​ATC​C‑3' and reverse 
5'‑TTA​GAT​TTC​TTC​TTC​CTC​GTC‑3'; and U6, forward 
5'‑GCT​TCA​CGA​ATT​TGC​GTG​TCA​T‑3' and reverse 5'‑GCT​
TCG​GCA​GCA​CAT​ATA​CTA​AAA​T‑3'. The expression of 
lncRNA NNT‑AS1 was expressed as the 2‑ΔΔCq value, with 
GAPDH and Tubulin as internal controls for NNT‑AS1 and 
U6 as the internal control for miR‑496 (24).

NanoSight assay flow cytometry analysis. Exosome pellets 
were resuspended in 1 ml PBS and the particle size distri‑
bution was analyzed under a NanoSight NS300 (Malvern 
Instruments, Ltd).

Flow cytometry analysis of exosomes. For the analysis of 
exosomes by fluorescence‑activated cell sorting, the exosomes 
were mixed with 100 µl PBS at room temperature for 5 min and 
then analyzed with monoclonal antibodies against CD9 (1:200; 
cat. no. ab2215; Abcam), CD63 (1:200; cat. no. ab193349; 
Abcam) and CD81 (1:200; cat. no. ab219209; Abcam) by flow 
cytometry (BD FACSCalibur; BD Biosciences). The results 
were analyzed with FlowJo 11.0 (TreeStar Ltd.).

Cell viability assay. Cell viability was measured using an MTT 
assay as described previously (24). Briefly, cells were seeded 
in 6‑well plates at a density of 1x105 cells/well. Following 
transfection, 20  µl of 0.5  mg/ml MTT (Sigma‑Aldrich; 
Merck KGaA) was added to the medium and incubated for 
another 4 h at 37˚C. Before measurement, 150 µl DMSO was 
added and a microplate reader (BioTek Instruments, Inc.) was 
used to measure the optical density value at 450 nm.

Dual‑luciferase assays. The wild‑type  (wt) and mutant 
(mut) fragments of NNT‑AS1 and the 3' untranslated region 
of RAP2C containing the miR‑496 targeted sequences were 
synthesized by Shanghai GenePharma Co., Ltd. and inserted 
into the pGL3 promoter vector (Promega Corporation). The 
transfection was conducted using Lipofectamine®  2000 
(Thermo Fisher Scientific, Inc.) according to the manufacturer's 
guide. The concentration of plasmid was 100 ng. Then, 48 h 
after transfection, cells were collected and the Dual‑Luciferase 
Reporter Assay System (Promega Corporation) was used to 
measure luminescence. Renilla luciferase activity was used to 
normalize the firefly luciferase activity.

Cell migration and invasion assay. The wound healing assay 
was performed using 6‑well plates (Corning Life Sciences). A 
total of 1x106 cells were seeded into each well and cultured 
with 5% serum (Gibco; Thermo Fisher Scientific, Inc.) medium 
overnight until 90% confluent. A 200‑µl pipette tip was used 

Table I. Relationship between NNT‑AS1 expression and clinical characteristics of patients with CRC.

	 Tissue expression of NNT‑AS1	 Serum expression of NNT‑AS1
	------------------------------------------------------------	------------------------------------------------------------ 
Characteristics	 n	 High	 Low	 P‑value	 High	 Low	 P‑value

Sex				    0.371			   0.446
  Female	 14	 6	 8		  7	 7	
  Male	 26	 14	 12		  11	 15	
Age, years				    0.292			   0.503
  ≤60	 10	 4	 6		  4	 6	
  >60	 30	 17	 13		  14	 16	
Tumor location				    0.578			   0.252
  Colon	 18	 7	 11		  11	 7	
  Rectum	 22	 9	 13		  10	 12	
Tumor size, cm				    0.184			   0.564
  ≤4	 25	 10	 15		  11	 14	
  >4	 15	 9	 6		  7	 8	
TNM stage				    0.033			   0.576
  I‑II	 23	 7	 16		  9	 14	
  III‑IV	 17	 11	 6		  7	 10	
Local invasion				    0.025			   0.252
  T1‑T2	 18	 5	 13		  11	 7	
  T3‑T4	 22	 14	 8		  10	 12	
Lymph node				    0.004			   0.501
  No	 21	 7	 14		  11	 10	
  Yes	 19	 15	 4		  9	 10	

NNT‑AS1, lncRNA nicotinamide nucleotide transhydrogenase antisense RNA 1; CRC, colorectal cancer; TNM, tumor‑node‑metastasis.
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to make a straight scratch. The floating cells were gently 
washed off using PBS and fresh full medium was added. The 
initial gap length (0 h) and the residual gap length at 24 h 
after wounding were calculated from photomicrographs as 
previously described (25). The results were observed using 
the IX70 inverted light microscope (magnification,  x100; 
Olympus Corporation). For the cell invasion assay, a Transwell 
chamber (Corning Life Sciences) was used. The upper 
chamber was coated with Matrigel at room temperature for 4 h 
(BD Biosciences) for filtering, and culture medium containing 
20% FBS (Gibco; Thermo Fisher Scientific, Inc.) was added 
to the lower chamber. Then, 1x105 glioma cells were cultured 
in 2 ml serum‑free medium and placed in the upper chamber. 
After 48 h at 37˚C, non‑invasive cells were removed and inva‑
sive cells were fixed with 70% ethanol at room temperature for 
0.5 h and stained with 5% crystal violet (Beyotime Institute 
of Biotechnology) at room temperature for 0.5 h. The number 
of invading cells to the lower chamber was counted under 
the IX70 inverted optical microscope (magnification, x100; 
Olympus Corporation); five fields were randomly selected 
from each sample. This experiment was repeated three times.

Western blot analysis. Total protein was collected with RIPA 
buffer (Beyotime Institute of Biotechnology) and the concen‑
tration of protein was measured using a BCA protein assay 
kit (Beyotime Institute of Biotechnology). Protein (20 µg) was 
separated via SDS‑PAGE on a 10% gel, and then transferred 
to a PVDF membrane (EMD Millipore). After blocking with 
5% skimmed milk for 1 h at room temperature, the membranes 
were incubated with primary antibodies overnight at 4˚C. The 
following primary antibodies were used: Anti‑CD63 (1:1,000; 
cat. no.  ab193349; Abcam), anti‑tumor susceptibility gene 
101 protein (1:1,000; cat. no. ab125011; Abcam), anti‑CD9 
(1:1,000; cat.  no.  ab92726; Abcam); and anti‑Flotillin‑1 
(1:1,000; cat. no. ab41927; Abcam). Anti‑RAP2C (1:1,000; 
cat. no. ab97805; Abcam), GAPDH (1:5,000; cat. no. ab9485; 
Abcam). Subsequently, the membrane was washed three times 
with TBS with 1% Tween‑20 for 10 min, and then incubated 
with goat anti‑rabbit HRP‑conjugated secondary antibody 
(1:5,000; cat. no. ab6721; Abcam) for 1 h at room temperature. 
Then, the membrane was visualized with enhanced chemilu‑
minescent solution (Beijing Solarbio Science & Technology 
Co., Ltd.). The results were visualized using the ChemiDoc 
XRS+ GelDoc™ 5.0 (BioRad Laboratories, Inc.).

B i o i n f o r m a t i c a l  a n a l y s i s .  P r e d ic t ion  o f  t h e 
NNT‑AS1‑miRNA‑target gene was performed using the 
StarBase 3.0 (starbase.sysu.edu.cn) and TargetScan  2.0 
(https://targetscan.org/).

Statistical analysis. Statistical analyses were performed using 
SPSS 22.0 (IBM Corp.) and GraphPad Prism 6.0 (GraphPad 
Software, Inc.). Comparisons of continuous outcomes between 
groups were performed using a two‑tailed, paired Student's 
t‑test and multiple groups were analyzed with one‑way analysis 
of variance (ANOVA), followed by Tukey's post hoc test. The 
receiver operating characteristic (ROC) curves and area under 
the curve (AUC) values were calculated using algorithms 
described previously (26). P<0.05 was considered to indicate a 
statistically significant difference.

Results

NNT‑AS1 is upregulated in CRC tissues. The expression levels 
of NNT‑AS1 were measured in a set of 40 paired tissues by 
RT‑qPCR. The expression of NNT‑AS1 in tumor tissues was 
significantly higher than that in adjacent normal tissues (P<0.001, 
Fig.  1A). The association of NNT‑AS1 levels with several 
clinicopathological features was then examined (Table I). It 
was identified that patients with CRC at advanced stages had 
higher NNT‑AS1 levels (P<0.01, Fig. 1B). It was also identified 
that the level of NNT‑AS1 was significantly associated with 
local invasion (P<0.001, Fig. 1C). In addition, high expression of 
NNT‑AS1 was associated with lymph node metastasis (P<0.001, 
Fig. 1D). The expression of NNT‑AS1 was not related to gender, 
age, tumor size or tumor location (P>0.05, Table I).

Expression levels of serum NNT‑AS1 in patients with CRC. 
Serum NNT‑AS1 expression levels were assayed in patients 
with CRC and healthy controls. Serum levels of NNT‑AS1 
were significantly higher in patients compared with healthy 
controls (P<0.01, Fig. 2A). No significant associations were 
observed between serum NNT‑AS1 levels and clinical features 
such as gender, age, tumor size and location, local invasion, 

Figure 1. Expression of NNT‑AS1 is upregulated in CRC tissues. (A) The 
expression levels of NNT‑AS1 were measured by reverse transcrip‑
tion‑quantitative PCR in 40 paired CRC tissues and adjacent normal tissues. 
(B) The expression levels of NNT‑AS1 at different tumor‑node‑metastasis 
stages of CRC. (C) Higher expression of NNT‑AS1 was associated with 
increased invasion in CRC. (D) The expression of NNT‑AS1 was compared 
between lymph node metastasis and non‑lymph node metastasis. **P<0.01 
and ***P<0.001. NNT‑AS1, lncRNA nicotinamide nucleotide transhydroge‑
nase antisense RNA 1; CRC, colorectal cancer; N+, lymph node metastasis; 
N‑, non‑lymph node metastasis; NC, normal controls.
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lymph node metastasis and stage (P>0.05, Table I). The diag‑
nostic value of serum NNT‑AS1 levels was then assayed in 
patients with CRC.

Serum NNT‑AS1 levels between preoperative and 
postoperative samples. To examine the changes in NNT‑AS1 
expression levels after surgery, the expression levels of 
NNT‑AS1 in eight paired preoperative and postoperative 
serum samples were compared. The results indicated that the 
expression levels of NNT‑AS1 were significantly decreased in 
postoperative samples compared with preoperative samples 
(P<0.01, Fig. 2B).

Exosome NNT‑AS1 expression levels in patients with CRC 
and healthy controls. Accumulating evidence has demon‑
strated that exosomes serve an essential role in maintaining 
the stability of lncRNAs  (13). Thus, the expression levels 
of NNT‑AS1 in exosomes was assayed. The exosome levels 
of NNT‑AS1 in the same cohort of patients with CRC and 
healthy controls were compared by RT‑qPCR. The results 
demonstrated that NNT‑AS1 expression was upregulated 
in CRC exosomes compared with the controls (P<0.01, 
Fig. 3A). Then, ROC curve analyses were performed to further 
elucidate the potential diagnostic value of serum exosomal 

NNT‑AS1. The AUC of serum exosomal NNT‑AS1 was 0.7908 
(95% CI, 0.6226‑0.9590; P=0.0088; Fig. 3B).

Serum NNT‑AS1 is contained in exosomes. It was hypoth‑
esized that serum NNT‑AS1 is secreted from tumor cells or is 
protected by exosomes. The levels of NNT‑AS1 were measured 
in 40 pairs of serum samples and exosomes isolated from the 
same volume of serum. The results demonstrated that there 
were no significant differences in NNT‑AS1 expression levels 
between serum and exosomes (P=0.0678; Fig. 4A). To further 
identify the isolated particles, nanoparticle tracking analysis 
was performed to measure the concentration and size range 
of the particles. The data demonstrated that the diameters of 
10% of the particles were ~100 nm (Fig. 4B). Western blotting 
and flow cytometry analyses further confirmed the presence of 
the surface biomarkers of exosomes (Fig. 4C and D).

Knockdown of NNT‑AS1 inhibits the proliferation, migra‑
tion and invasion of CRC cells. The biological functions of 
NNT‑AS1 in CRC cells were investigated in vitro. The levels 
of NNT‑AS1 in human colorectal normal cells (HCnEpC) 
and CRC cell lines (LoVo, RKO, SW48 and HCT116) were 
measured by RT‑qPCR. It was identified that the levels of 
NNT‑AS1 were significantly higher in CRC cells compared 
with normal cells (P<0.05, Fig. 5A). Next, siRNA (si‑NNT‑AS1) 
was used to successfully silence the expression of NNT‑AS1 in 
SW48 and HCT116 cells compared with the controls (P<0.001; 
Fig. 5B). MTT assays demonstrated that the proliferation of 
both SW48 and HCT116 cells was significantly inhibited after 
silencing NNT‑AS1 (P<0.01; Fig. 5C). The migration and 
invasion of CRC cells were also significantly decreased after 
knockdown of NNT‑AS1 (P<0.001; Fig. 5D). Taken together, 
these data suggested that NNT‑AS1 may function as an onco‑
gene in CRC cells.

NNT‑AS1 acts as a sponge of miR‑496. Substantial evidence 
has indicated that various lncRNAs can act as a sponge to 
bind and negatively regulate the expression of miRNAs (7). 
Therefore, bioinformatic tools (StarBase 2.0 and TargetScan) 
were used to predict the potential targets of NNT‑AS1. 
miR‑496 was identified and the putative binding sites between 
NNT‑AS1 and miR‑496 are indicated in Fig. 6A. Transfection 
of miR‑496 mimics successfully upregulated the expression of 
miR‑496 in both SW48 and HCT116 cells (P<0.01; Fig. 6B). 
The interaction between NNT‑AS1 and miR‑496 was then 
examined by the luciferase activity assay. The data indicated 
that miR‑496 mimics significantly suppressed the luciferase 
activity of CRC cells transfected with wt NNT‑AS1, whereas 
those transfected with mut NNT‑AS1 were not affected 
(P>0.05; Fig.  6C). Next, NNT‑AS1 was overexpressed by 
transfection of pcDNA3.NNT‑AS1 in SW48 and HCT116 cells 
(P<0.01; Fig. 6D). In addition, the expression of miR‑496 was 
significantly inhibited by the overexpression of NNT‑AS1 
and increased by the silencing of NNT‑AS1 in SW48 and 
HCT116 cells (P<0.05; Fig. 6E). MTT assay demonstrated 
that overexpression of miR‑496 inhibited the proliferation 
of CRC cells, which was similar to the effects of NNT‑AS1 
downregulation (P<0.05; Fig. 6F). Overexpression of miR‑496 
also inhibited the migration (P<0.001; Figs. 6G and S1A) 
and invasion (P<0.001; Figs. 6H and S1B) of CRC cells. To 

Figure 2. Expression of NNT‑AS1 is higher in the serum of patients with CRC 
and is decreased after surgery. (A) The expression of NNT‑AS1 in serum 
was assayed in the serum of patients with CRC and healthy normal controls. 
(B) The expression of NNT‑AS1 in serum was compared between preopera‑
tive and postoperative samples. **P<0.01. NNT‑AS1, lncRNA nicotinamide 
nucleotide transhydrogenase antisense RNA 1; CRC, colorectal cancer.

Figure 3. Expression levels of exosomal NNT‑AS1 in patients with CRC. 
(A) The expression levels of exosomal NNT‑AS1 were measured in patients 
with CRC and healthy controls. (B) ROC analysis of exosome NNT‑AS1 in 
patients with CRC. **P<0.01. NNT‑AS1, lncRNA nicotinamide nucleotide 
transhydrogenase antisense RNA 1; CRC, colorectal cancer; ROC, receiver 
operating characteristic; AUC, area under the curve.
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further investigate the function of miR‑496 in CRC cells, 
transfection with an miR‑496 inhibitor, which successfully 
decreased the expression of miR‑496, was conducted in CRC 
cells (P<0.001; Fig. 6I). The effects of silencing NNT‑AS1 
on the migration, invasion (P<0.01; Figs. 6J and S2A and B) 
and proliferation (P<0.01; Fig. 6K) of CRC cells could be 
partially attenuated by inhibition of miR‑496. A previous 
study identified that NNT‑AS1 could also bind and inhibit the 
expression of miR‑320 (26). However, no significant differ‑
ence was observed between the expression of miR‑320 in CRC 
and adjacent normal tissues (data not shown). Taken together, 
these data suggested that NNT‑AS1 functions as a sponge of 
miR‑496.

RAP2C is a direct target of miR‑496. Next, the possible targets 
of miR‑496 were examined. Through bioinformatics analysis, 
RAP2C was identified as a possible direct target of miR‑496 
and the putative binding sites are indicated in Fig. 7A. The 
possible interaction between miR‑496 and RAP2C was then 
validated by the dual‑luciferase reporter assay. The results 
demonstrated that the luciferase activity of wt RAP2C was 
significantly inhibited by miR‑496 mimics, whereas the 
luciferase activity of mut RAP2C was not affected (Fig. 7B). 
Furthermore, transfection of miR‑496 mimics suppressed the 
expression of RAP2C (Fig. 7C, top panel) and downregula‑
tion or upregulation of NNT‑AS1 resulted in the inhibition 
or increase of RAP2C (Fig. 7C, bottom panel), respectively. 

These findings suggested that NNT‑AS1 may exert its effects 
via regulation of the miR‑496/RAP2C axis. To further 
examine the function of RAP2C, RAP2C was overexpressed 
in CRC cells via transfection of a vector containing RAP2C 
(Fig. 7D). It was identified that the upregulation of RAP2C 
partially abrogated the effects of NNT‑AS1 silencing on the 
proliferation of CRC cells (Fig. 7E). In addition, overexpression 
of RAP2C also partially rescued the inhibition of migration 
(Figs. 7F and S3A) and invasion (Figs. 7G and S3B) of CRC 
cells caused by NNT‑AS1 knockdown. Taken together, these 
data suggested that RAP2C was a direct target of miR‑496 
and that NNT‑AS1 exerted its effects via regulation of the 
miR‑496/RAP2C axis.

Discussion

CRC is one of the most common malignancies worldwide, 
with considerable mortality rates. A lack of early diagnosis 
results in limited effective therapeutic options and poor 
clinical outcomes (3). Therefore, the identification of novel 
sensitive and specific biomarkers for CRC is urgently needed. 
Accumulating evidence has indicated that due to different 
expression patterns in various cancers, lncRNAs can be applied 
as effective diagnostic and prognostic biomarkers (6‑8). In 
addition, the detection of circulating lncRNAs can be conve‑
nient and non‑invasive, making lncRNAs an ideal tool for 
tumor diagnosis. For instance, it was reported that lncRNA 

Figure 4. Comparison of NNT‑AS1 levels between serum samples and exosomes. (A) The levels of NNT‑AS1 were compared between serum samples and 
exosomes and no significant difference was observed. (B) Nanoparticle tracking analysis results demonstrated that the diameters of most particles were within 
the range of 30‑200 nm. (C) Western blotting analysis of exosomal markers. (D) Flow cytometry analysis of surface molecules on exosomes. NNT‑AS1, 
lncRNA nicotinamide nucleotide transhydrogenase antisense RNA 1; TSG101, tumor susceptibility gene 101 protein; NC, normal control.
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AFAP1‑AS1 is upregulated in patients with non‑small cell lung 
cancer and demonstrates a higher sensitivity and specificity 
when compared with healthy controls (27). Wang et al (28) 

identified that circulating lncRNA CCAT2 is significantly 
upregulated in the serum of patients with CRC and could be 
applied as a potential predictor in CRC. The present study 

Figure 5. Inhibition of NNT‑AS1 suppresses the proliferation, migration and invasion of CRC cells. (A) The expression of NNT‑AS1 was measured in normal 
colorectal cells (HCnEpC cells) and CRC cells (LoVo, RKO, SW48 and HCT116). (B) CRC cells (SW48 and HCT116) were transfected with the indicated 
siRNAs and the expression of NNT‑AS1 was measured. (C) CRC cells were treated as indicated and cell viability was measured at different time points. 
(D) CRC cells were treated as indicated and the migration (left) and invasion (right) of cells were investigated. Data are presented as the mean ± standard 
deviation. *P<0.05, **P<0.01 and ***P<0.001 vs. HCnEpC or si‑NC groups or as indicated. All experiments were conducted at least three times. NNT‑AS1, 
lncRNA nicotinamide nucleotide transhydrogenase antisense RNA 1; CRC, colorectal cancer; si‑, small interfering RNA; NC, negative control.
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focused on NNT‑AS1 to study the potential clinical value of 
circulating NNT‑AS1 in CRC.

The lncRNA NNT‑AS1, located on chromosome 5p12, 
has been identified to be differentially expressed in different 
types of cancers. For example, NNT‑AS1 has been identi‑
fied to contribute to the carcinogenesis of hepatocellular 
cancer cells through the regulation of miR‑363 (29). High 
expression of NNT‑AS1 also leads to the proliferation and 
invasion of cervical cancer via activation of the Wnt/β‑catenin 
signaling pathway (8). By contrast, Huang et al (30) reported 
that NNT‑AS1 is downregulated in ovarian cancer tissues 
and cells. These discrepancies indicate the complex role 
of NNT‑AS1 in various cancers and further investigation is 

necessary to reveal the biological function of NNT‑AS1. 
The present study identified that NNT‑AS1 was significantly 
upregulated in CRC tissues compared with adjacent normal 
tissues. Notably, the higher expression levels of NNT‑AS1 
were associated with advanced TNM stage, increased local 
invasion and positive lymph node metastasis. The findings 
of the present study are similar to those of a previous study 
that demonstrated that NNT‑AS1 is upregulated in CRC cells 
and serves an essential role in proliferation, migration and 
invasion (12). Accumulating evidence has demonstrated that 
circulating lncRNAs, such as H19, ATB, CCAT1, HOTAIR 
and GAS5, can be stably detected and used as non‑invasive 
biomarkers for various tumors (31‑33). However, to the best 

Figure 6. NNT‑AS1 is a sponge of miR‑496. (A) The predicted miR‑496 binding sites on wt or mut NNT‑AS1. (B) CRC cells were transfected as indicated, 
and the expression of miR‑496 was measured via RT‑qPCR. (C) A luciferase reporter assay was performed to measure the luciferase activity in CRC cells 
after co‑transfection of miRNA mimics and NNT‑AS1 wt or mut. (D) CRC cells were transfected as indicated, and the expression of NNT‑AS1 was measured 
via RT‑qPCR. (E) CRC cells were transfected as indicated and the expression of miR‑496 was measured. (F) CRC cells were transfected as indicated and 
cell viability was measured by the MTT assay. (G) Cell migration was measured. (H) Cell invasion was measured. (I) The levels of miR‑496 in CRC were 
measured. (J) CRC cells were transfected as indicated and the migration and invasion of cells were measured. (K) CRC cells were transfected as indicated 
and cell viability was measured. Data are presented as the mean ± standard deviation. *P<0.05, **P<0.01 and ***P<0.001 vs. miR‑NC mimics or as indicated. 
All experiments were conducted at least three times. NNT‑AS1, lncRNA nicotinamide nucleotide transhydrogenase antisense RNA 1; CRC, colorectal cancer; 
miR, microRNA; NC, negative control; si‑, small interfering RNA; wt, wild‑type; mut, mutant; pcD, overexpression vector; RT‑qPCR, reverse transcrip‑
tion‑quantitative PCR.
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of the authors' knowledge, the present study was the first to 
investigate the levels of NNT‑AS1 in the serum of patients 
with CRC. As a result, it was identified that serum NNT‑AS1 
levels were also significantly higher in patients with CRC 
compared with healthy controls. However, no significant 
association was identified between serum NNT‑AS1 levels 
and other clinicopathological features. The present study also 
investigated the serum NNT‑AS1 expression levels in paired 
preoperative and postoperative samples and identified that the 
levels of NNT‑AS1 in serum were significantly decreased in 
the postoperative samples.

A number of studies have reported that lncRNAs stably exist 
in circulating blood and are protected by exosomes (34,35). 

Exosomes are type of membrane vesicle with a diameter 
of 40‑150 nm and can be purified by sucrose gradients at a 
density range of 1.13‑1.19 g/ml (35). Exosomes also possess a 
bilayer lipid membrane that is structurally similar to the cell 
membrane (36). Exosomes have become a focus of investiga‑
tion due to their potential as a novel approach for the diagnosis 
of cancers (37). ncRNAs (including miRNAs and lncRNAs) 
and proteins from exosomes have been proven to be useful 
as biomarkers (37). Thus far, only a few lncRNAs have been 
identified to be contained in exosomes and possess biomarker 
functions in CRC (28,38). To further confirm the vital func‑
tion of NNT‑AS1 in the diagnosis of CRC, the expression 
of NNT‑AS1 was assayed in exosomes and it was identified 

Figure 7. RAP2C is a direct target of miR‑496. (A) The constructed luciferase reporter plasmids containing the predicted wt or mut miR‑496 binding sites on 
RAP2C. (B) A luciferase reporter assay was performed to measure the luciferase activity in CRC cells after co‑transfection of miRNA mimics and RAP2C 
wt or mut. (C) CRC cells were transfected with miR‑496 mimics, si‑NNT‑ASI or pcDNA.NNT‑ASI and the levels of the indicated proteins were measured 
by western blotting. (D) RAP2C was overexpressed in CRC cells by transfection with pcDNA.RAP2C. (E) CRC cells were transfected as indicated and cell 
viability was measured by an MTT assay. CRC cells were transfected as indicated and (F) migration and (G) invasion were measured. Data are presented as 
the mean ± standard deviation. *P<0.05, **P<0.01 and ***P<0.001 vs. miR‑NC mimics or as indicated. All experiments were conducted at least three times. 
RAP2C, Ras‑related protein Rap‑2c; miR, microRNA; wt, wild‑type; mut, mutant; NC, negative control; si‑, small interfering RNA; pcDNA, overexpression 
vector; CRC, colorectal cancer; NNT‑AS1, lncRNA nicotinamide nucleotide transhydrogenase antisense RNA 1.
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that NNT‑AS1 was also upregulated in CRC exosomes. The 
expression of NNT‑AS1 in serum samples and in exosomes 
isolated from the same volume of serum was also compared. 
No significant differences were observed; therefore, NNT‑AS1 
might exist in exosomes, which may provide protection to 
increase the stability of NNT‑AS1 in serum.

The functional roles of NNT‑AS1 in CRC cells were 
also examined. The data demonstrated that silencing 
NNT‑AS1 inhibited the proliferation, migration and inva‑
sion of CRC cells. These findings are in line with previous 
studies showing that NNT‑AS1 promotes the proliferation 
and metastasis of various cancers, such as cervical cancer, 
CRC and liver cancer  (8,12,29). Increasing evidence has 
confirmed that lncRNAs can bind and negatively regulate 
the function of miRNAs (5‑7). The present study revealed 
that NNT‑AS1 acted as a sponge of miR‑496, which acted 
as a tumor suppressor in CRC cells. Previous studies have 
suggested that miR‑496 functions as a tumor suppressor 
in various cancers, such as CRC, lung cancer and osteo‑
sarcoma (18,39,40). A recent study identified that miR‑496 
acted as an oncogene and promoted malignancy in CRC 
cells (41). This discrepancy might be due to different cancer 
types and further investigation is needed to further verify 
the role of miR‑496 in more cancer types. The present 
study also revealed that RAP2C might be a direct target of 
miR‑496. RAP2C, a member of the Ras family, has been 
identified to participate in the tumorigenesis of various 
cancers. For instance, RAP2C acts as an oncogene in human 
osteosarcoma cells (20). Inhibition of RAP2C suppresses the 
proliferation and promotes the apoptosis of breast cancer 
cells (21). However, there is little information concerning the 
role of RAP2C in CRC. Overexpression of RAP2C partially 
abrogated the effects of NNT‑AS1 knockdown and rescued 
the proliferation, migration and invasion of CRC cells. The 
data from the present study suggested that RAP2C acted as 
an oncogene in CRC cells and further investigation is needed 
to confirm this.

In summary, the data from the present study suggested that 
NNT‑AS1 expression is significantly upregulated in tissue and 
serum samples of patients with CRC. Circulating NNT‑AS1 
may be protected by exosomes and could be used as a potential 
predictor in CRC. It was also identified that NNT‑AS1 regu‑
lated the proliferation, migration and invasion of CRC cells via 
the miR‑496/RAP2C axis. The results from the present study 
identified novel pathways regulating CRC progression, which 
may facilitate the identification of novel therapeutic targets for 
CRC.
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