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Abstract
Background/Aims: Colorectal cancer (CRC) is the third most commonly diagnosed malignancy 
and the second leading cause of cancer-related deaths worldwide. Thus, methods for early 
diagnosis of CRC are urgently needed. We aimed to identify potential long non-coding RNAs 
(lncRNAs) in circulatory exosomes that may serve as biomarkers for the detection of early-stage 
CRC. Methods: Exosomes from the plasma of CRC patients (n = 50) and healthy individuals (n = 
50) were isolated by ultracentrifugation, followed by extraction of total exosomal RNAs using 
TRIzol reagent. Microarray analysis was used for exosomal lncRNA profiling in the two groups, 
and real-time quantitative reverse transcription-polymerase chain reaction (qRT-PCR) was 
used to determine the expression level of lncRNAs in all patients and healthy subjects. Results: 
The expression of six lncRNAs (LNCV6_116109, LNCV6_98390, LNCV6_38772, LNCV_108266, 
LNCV6_84003, and LNCV6_98602) was found to be significantly up-regulated in CRC patients 
compared with that in healthy individuals by qRT-PCR. The receiver operating characteristic 
curve was used to verify their diagnostic accuracy. The values of the area under the curve for 
these lncRNAs were 0.770 (LNCV6_116109), 0.7500 (LNCV6_98390), 0.6500 (LNCV6_38772), 
0.6900 (LNCV_108266), 0.7500 (LNCV6_84003), and 0.7200 (LNCV6_98602). Conclusion: 
Our study suggested that the expression of these six exosomal lncRNAs (LNCV6_116109, 
LNCV6_98390, LNCV6_38772, LNCV_108266, LNCV6_84003, and LNCV6_98602) was 
significantly up-regulated in the plasma of CRC patients, and that they may serve as potential 
non-invasive biomarkers for early diagnosis of CRC.
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Introduction

Colorectal cancer (CRC) is one of the three most common malignancies in the world 
[1]. Although the mortality rate has declined due to improvements in treatment [2], early 
diagnosis of CRC is still a major challenge. Current screening methods, such as fecal occult 
blood test (FOBT), fecal immunochemical test, and colonoscopy have various limitations, 
with only 30–40% of patients being detected at an early stage [3]. Therefore, the development 
of a new non-invasive approach to improve the early detection of CRC is urgently needed.

Exosomes are 30–100 nm cell-derived vesicles containing a wide variety of molecules 
formed by endocytosis, and can be found in several body fluids (such as blood, urine, saliva, 
pleural fluid, and amniotic fluid) [4, 5]. Recent research has shown that exosomes are stable 
in blood [6] and can deliver a large cargo of proteins, lipids, and nucleic acids, including 
long non-coding RNA (lncRNAs) [7, 8]. Humoral exosomes are considered to be promising 
biomarkers for cancer [9], but the potential role of plasma exosomes in the diagnosis of CRC 
has not yet been reported.

lncRNAs are a novel class of non-coding RNAs defined as non-protein RNA transcripts 
greater than 200 nucleotides in length [10]. The process of transcription and modification 
of lncRNAs includes RNA polymerase II transcription, 5ʹ-capping, poly-adenylation, and 
alternative splicing, which is similar to that of protein-coding genes [11]. Over 20 years 
ago, with the discovery of the paternally imprinted maternally expressed transcript (H19) 
gene, scientists realized that not all long RNA transcripts are mRNAs [12]. Since then, over 
13, 000 lncRNA genes that produce over 23, 000 lncRNAs in humans have been discovered, 
and the number is rising rapidly [13]. Although lncRNAs represent a large family, their 
specific mechanisms of action have not yet been thoroughly elucidated. Previous studies 
have demonstrated that lncRNAs play a diverse role in biological processes. Firstly, lncRNAs 
interact with chromatin-modifying proteins or transcription factors through their specific 
protein-binding motifs. Moreover, lncRNAs can directly bind to a specific DNA sequence 
to form an RNA-DNA triplex structure that can block the transcription process [14]. The 
process of lncRNA transcription may also provide an “open” chromatin domain under 
certain circumstances, which then triggers the expression of nearby genes [15]. Lastly, 
lncRNAs can also silence the nearby genes by occupying the transcription factor binding 
sites [16]. It has been shown that lncRNAs are involved in almost every step of the life cycle 
[17] and play an increasingly important role in cancer. Several studies have revealed the 
function of lncRNAs in the tumorigenesis, progression, and diagnosis of various cancers, 
such as prostate, bladder, kidney [18], breast [19], and lung cancer [20]. Recent studies have 
suggested that extracellular-vesicle-linked lncRNAs can foster dictated patterns of trans-
regulation in recipient cells, and are involved in envisaging novel mechanisms of epigenetic 
regulation, cellular reprogramming, and genomic instability elicited in target cells, leading 
to the generation of senescence-associated tumor-initiating cells, which are resistant to 
chemotherapy [21]. Additionally, several researchers have demonstrated their potential role 
in the diagnosis, prognosis, and treatment of CRC [22, 23]. However, the role of exosomal 
lncRNAs in the early diagnosis of CRC remains unclear.

In this study, we compared a number of lncRNAs in the plasma exosome samples 
between CRC patients and control individuals by RNA sequencing, and then expanded 
the sample capacity to test its feasibility. Our data suggested that namely, LNCV6_116109, 
LNCV6_98390, LNCV6_38772, LNCV_108266, LNCV6_84003, and LNCV6_98602, might be 
considered as novel biomarkers for diagnosis of early-stage CRC.
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Materials and Methods

Patients and clinical specimens
For this study, whole blood samples were collected from CRC patients at Tianjin Medical University 

Cancer Institute and Hospital. None of the experimental subjects underwent prior colorectal surgery or 
neoadjuvant radiotherapy/chemotherapy. Fresh plasma samples (3 mL) were collected in ethylenediamine 
tetraacetic acid tubes from each of the subjects. These samples were centrifuged at 3000 × g for 10 min at 
4°C and then stored at –80°C. This study was approved by the Ethics Committee of Tianjin Medical University 
Cancer Institute and Hospital. Written informed consent was obtained from all participants.

Plasma exosome isolation
Differential centrifugation is considered a gold standard and is the most common method to isolate 

exosomes [24]. Firstly, the samples were centrifuged twice at 3, 000 × g and 10, 000 × g for 20 min at room 
temperature to remove cells and other debris in the plasma. The supernatants were then centrifuged at 
100,000 × g for 30 min at 4°C to remove microvesicles that were larger than exosomes, harvested, and again 
centrifuged at 10,000 × g for 70 min at 4°C. Subsequently, the supernatants were gently decanted, and the 
exosome sediments were re-suspended in phosphate-buffered saline (PBS).

Transmission electron microscopy
The exosome suspension was diluted to 0.5 mg/mL with PBS, and then spotted onto a glow-discharged 

copper grid placed on a filter paper and dried for 10 min by exposure to infrared light. Next, the exosome 
samples were stained with one drop of phosphotungstic acid (1% aqueous solution) for 5 min and dried for 
20 min by exposure to infrared light. Finally, the exosomes were visualized under a transmission electron 
microscope (HT7700, Hitachi, Tokyo, Japan) at 100 keV.

Western blotting
Previous studies have confirmed that Tsg101, CD63, and Alix are exosome biomarkers [25]. 

Western blotting was performed to assess the levels of these markers. Total proteins were extracted 
from exosome samples using lysis buffer. Each sample (40 µg) was loaded onto a 12% sodium dodecyl 
sulfate-polyacrylamide gel and then transferred to a polyvinylidene fluoride membrane (Roche, Mannheim, 
Germany). These membranes were immersed in 2% bovine serum albumin at room temperature for 1 h and 
incubated with the following primary antibodies: anti-Tsg101 (1:1, 000, Santa Cruz Biotechnology, Santa 
Cruz, CA), anti-CD63 (1:2, 000, Abcam, Cambridge, UK), and anti-Alix (1:1, 000, Santa Cruz Biotechnology), 
followed by subsequent incubation with appropriate secondary antibodies after washing with PBS. Lastly, 
protein bands were visualized by incubating with an electro-chemiluminescence reagent.

Nanoparticle tracking analysis
The size of exosomes was measured using a Nanosight NS 300 system (NanoSight Technology, Malvern, 

UK). Exosomes were re-suspended in PBS at a concentration of 5 µg/mL and further diluted 500–1000-fold. 
Samples were manually injected into the sample chamber at room temperature. Each sample was configured 
with a 488 nm laser and a high-sensitivity sCMOS camera setting of 13 with an acquisition time of 30 s and a 
detection threshold setting of 7. At least 200 completed tracks were analyzed per video. Finally, the results 
were analyzed using nanoparticle tracking analysis software.

Total RNA extraction
Total RNA of exosomes was extracted from plasma using TRIzol LS reagent (Invitrogen, Carlsbad, CA) 

according to the manufacturer’s instructions and quantified using a NanoDrop ND-2000 spectrophotometer 
(Thermo Fisher Scientific, Wilmington, DE).

Agilent methods for ceRNA array
Total RNA from exosomes was isolated using TRIzol reagent (Invitrogen, Carlsbad, CA) according to 

the manufacturer’s instructions and purified using a RNeasy Mini Kit (Qiagen GmBH, Hilden, Germany). RNA 
samples of each group were then used to generate fluorescently labeled cRNA targets for the human ceRNA 
array V1.0 (4 × 180 K; Shanghai Biotechnology Corporation, Shanghai, China). The labeled cRNA targets were 
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then hybridized with the slides. After hybridization, slides were scanned on the Agilent Microarray Scanner 
(Agilent Technologies, Inc., Santa Clara, CA). Data were extracted using Feature Extraction software 10.7 
(Agilent Technologies, Inc.). Raw data were normalized by the quantile algorithm of the limma package in 
the R program. Microarray experiments were performed at Shanghai Biotechnology Corporation following 
the protocol of Agilent Technologies, Inc.

Ratios between CRC and normal subjects (NC) were calculated. Genes with a fold change of at least 2 
were selected for further analysis. The selected parent genes of circular RNA were grouped into functional 
categories based on the Gene Ontology database (http://www.geneontology.org/) and functional pathways 
(Kyoto Encyclopedia of Genes and Genomes) were also analyzed using the online enrichment analysis tool 
of Shanghai Biotechnology Corporation.

Reverse transcription
cDNA was synthesized by reverse transcription using the PrimeScript RT reagent kit (Takara Bio Inc., 

Kusatsu, Japan) with random primers according to the manufacturer’s protocol.

Real-time quantitative reverse transcription-polymerase chain reaction
Real-time quantitative reverse transcription-polymerase chain reaction (qRT-PCR) was performed 

using SYBR Premix Ex Taq II (Tli RNaseH Plus; Takara Bio Inc.) on a CFX96 Real-Time PCR Detection System 
(Bio-Rad, Hercules, CA). Divergent primers were synthesized by Sangon Biotech (Shanghai, China). Data 
were analyzed using the 2–ΔCt method. All results are expressed as the mean ± standard deviation of three 
independent experiments. The primer sequences used were as follows (Table 1).

Prediction of lncRNA-related target genes
Differentially expressed lncRNAs were selected for target prediction. The genes transcribed within a 

10 kbp window upstream or downstream of lncRNAs were considered as cis-acting target genes. The trans-
acting target genes were predicted using RNAplex software.

Statistics analysis
All statistical analyses were performed using SPSS 22.0 software for Windows (SPSS, Chicago, IL) and 

GraphPad Prism 5.0 (GraphPad Software, La Jolla, CA). Differences in the levels of each lncRNA between CRC 
patients and paired samples were assessed using the t-test for paired data. P values less than 0.05 (two-
sided) were considered statistically significant. In this study, * indicates P < 0.05, ** indicates P < 0.01, and 
*** indicates P < 0.001.

Results

Characterization of plasma exosomes
To determine whether the particles isolated from the plasma by ultracentrifugation 

were exosomes, we performed transmission electron microscopy and western blot analysis. 
The isolated particles exhibited bona fide characteristics of exosomes, namely, spherical-
shaped morphology with an approximately 100 nm size (Fig. 1A), and were found to be 
enriched with the exosomal marker proteins Tsg101, CD63, and Alix, as shown by western 
blotting (Fig. 1B).

Table 1. Primer sequences used

ProbeName Cis_Target_Gene Description
LNCV6_84003 ANXA2R annexin A2 receptor
LNCV6_98602 DDT D-dopachrome tautomerase
LNCV6_108266 HSD17B12 hydroxysteroid 17-beta dehydrogenase 12
LNCV6_116109 CFLAR CASP8 and FADD like apoptosis regulator
LNCV6_98390 CACNG7 calcium voltage-gated channel auxiliary subunit gamma 7

http://dx.doi.org/10.1159%2F000495961
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Peripheral plasma exosomal lncRNA 
profile in CRC patients
To verify whether there is a difference 

in the expression of lncRNAs between CRC 
patients and healthy subjects, we extracted 
plasma exosomal RNA from 10 CRC patients 
and 10 healthy individuals and analyzed it using 
the ceRNA array mentioned above. The results 
showed that there was a significant difference 
in the expression of lncRNAs between the 
two groups (Fig. 2). The expression of 1705 
lncRNAs was significantly different, with 
626 lncRNAs up-regulated and 1079 down-
regulated. In order to select viable biomarkers, 
we selected the following six lncRNAs with the 
largest increase in expression for subsequent 
analysis: LNCV6_116109, LNCV6_98390, 
LNCV6_38772, LNCV6_108266, 
LNCV6_84003, and LNCV6_98602. Their 
levels in the plasma of CRC patients were 
significantly higher than those in the plasma 
of negative control individuals (P < 0.05, Fig. 
3). The P-value was same for all six lncRNAs 
(P < 0.05).

Verification of the highly expressed 
lncRNAs in CRC patients
In order to analyze the difference in 

expression of the six selected lncRNAs 
between CRC patients and healthy subjects, 
we extracted RNA from another cohort that 
included 50 CRC patients and 50 healthy 
subjects. The expression levels of the 
selected lncRNAs were examined by qRT-
PCR. As shown in Fig. 3, our data verified 
that the expression level of these lncRNAs in 
CRC patients was significantly higher than 
that in healthy individuals. The expression 
of LNCV6_116109 was most significantly 
up-regulated (about 7-fold; P < 0.001, Fig. 
4A), while that of LNCV6_84003 was least 
significantly up-regulated (3-fold; P < 0.05, 
Fig. 4E). Our results suggested that these six lncRNAs can be considered as diagnostic 
biomarkers for CRC (Fig. 4A–F).

Expression pattern of the selected lncRNAs in early-stage CRC
To evaluate the potential role of the selected lncRNAs in early diagnosis of CRC, we 

further analyzed their expressed patterns in each stage of CRC. As is shown in Fig. 5A–F, 
the levels of all the six lncRNAs were significantly up-regulated in stage I/II CRC patients 
compared with those in NC individuals. Furthermore, the levels of these lncRNAs were altered 
in each stage of CRC. These data suggested that the selected plasma exosomal lncRNAs might 
serve as potential biomarkers for the early detection of CRC.

Fig. 1. Characterization of plasma exosomes. A. 
Plasma exosomes were visualized by transmission 
electron microscopy. Exosomes are indicated 
by red arrows. Scale bar = 100 nm. B. Western 
blotting results for the exosome-enriched 
proteins Tsg101, CD63, and Alix. There was no 
clear difference between the two groups. Negative 
control (NC) is the paired non-cancerous group of 
CRC patients. CRC, colorectal cancer.

 

 

 

Figure 1. 

 

 

  

Fig. 2. Microarray analysis of lncRNA profile in 
NC group (n = 10) and CRC group (n = 10). Each 
point in the scatter plot represents the chip plot 
position. Blue points represent lncRNAs that 
were down-regulated in CRC patients compared 
with that in NC individuals, while the red points 
represent up-regulated lncRNAs.
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Fig. 3. Plasma expression levels 
of lncRNAs in CRC patients. (A–F) 
Expression levels of the six selected 
lncRNAs in CRC patients (n = 10) 
and NC individuals (n = 10) were 
determined by qRT-PCR assay. 
Each point represents the relative 
expression level of certain lncRNAs 
in one sample. The expression of all 
six lncRNAs was up-regulated in CRC 
patients compared with that in NC 
individuals.

 

 

Figure 3. 

 

 

  

Fig. 4. Verification of the highly 
expressed lncRNAs in CRC patients. 
(A–F) Relative expression levels of 
each of the selected lncRNAs were 
verified in another cohort comprising 
CRC patients (n = 50) and NC 
individuals (n = 50) using qRT-PCR 
assay. * indicates P<0.05, ** indicates 
P<0.01, and *** indicates P<0.001.
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Potential diagnostic value of exosomal lncRNAs in CRC
Receiver operating characteristic (ROC) curves were then constructed to estimate the 

sensitivity and specificity of the six plasma exosomal lncRNAs. The values of the area under the 
curve (AUC) were 0.8052 (LNCV6_116109), 0.7088 (LNCV6_98390), 0.7460 (LNCV6_38772), 
0.7292 (LNCV6_108266), 0.7356 (LNCV6_84003), and 0.6800 (LNCV6_98602) for the 
plasma samples (Fig. 6A–F).

Predicted downstream targets of lncRNAs
To further investigate the role of differentially expressed lncRNAs in CRC, we predicted 

their cis-target genes using bioinformatics methods. The target genes of LNCV6_84003, 
LNCV6_98602, LNCV6_108266, LNCV6_116109, LNCV6_98390, and LNCV6_38772 are 
shown in Table 2.

Fig. 5. Expression pattern of lncRNAs in each stage of CRC. Levels of the six selected lncRNAs were further 
analyzed in different clinical stages of CRC. Quantification of lncRNAs in healthy subjects (n = 50) and 
patients with stage I/II CRC (n = 15), stage III CRC (n = 15), and stage IV CRC (n = 20) is shown (A–F). ** 
indicates P<0.01.

 

 

Figure 5. 
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Discussion

The survival of CRC patients 
is closely related to the stage at 
diagnosis. In the United States, 
patients with localized colon cancer 
have a >90% 5-year survival rate; 
however, this rate sharply decreases 
to 13% for patients diagnosed with 
distant metastasis [2]. Therefore, 
early diagnosis has become an 
urgent need for CRC prevention and 

Fig. 6. ROC curve analysis of lncRNAs. (A–F) Graphs represent the AUC values. A. LNCV6_116109: AUC 
= 0.770, 95% confidence interval (CI) 0.5614–0.9786. B. LNCV6_98390: AUC = 0.7500, 95% CI 0.5286–
0.9714. C. LNCV6_38772: AUC = 0.6500, 95% CI 0.4031–0.8969. D. LNCV_108266: AUC = 0.6900, 95% CI 
0.4551–0.9249. E. LNCV6_84003: AUC = 0.7500, 95% CI 0.5301–0.9699. F. LNCV6_98602: AUC = 0.7200, 
95% CI 0.4926–0.9474.

 

 

Figure 6. 

 
 

Table 2. The predicted Cis_targets of CRC-specific lncRNAs
Genes Primers
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treatment.
In recent years, with the use of FOBT and colonoscopy, the detection rate of CRC 

has improved. FOBT is easy to operate and inexpensive, but is limited by low sensitivity. 
Tumors tend to bleed, but not always, which may induce false-negative FOBT results [26-
28]. Colonoscopy is generally considered to be the gold standard for colorectal neoplasia 
[29]. However, this procedure is traumatic and painfulc with a prohibitive cost, making it 
unsuitable for large-scale screening [30]. Blood tests, such as tests for CEA, CA199, and 
CA242, have a low sensitivity, which does not meet the clinical diagnostic requirements [31].

Studies have shown that circulating RNAs are detected in the plasma or serum of cancer 
patients, making them novel biomarkers for tumor diagnosis [32].

Exosomes are drawing an increasing amount of attention for their specific characteristics. 
Studies have found that exosomes are secreted by various cell types and are involved in 
many biological functions under normal and pathological conditions [33, 34]. They can also 
serve as carriers of bioactive molecules to promote tumorigenesis [35]. In plasma, lncRNAs 
packaged into exosomes can be protected against degradation, thereby increasing their 
stability in circulation. For a stable RNA concentration, uncentrifuged clotted blood should 
be stored at 4°C and processed within 6 h; long-time storage may cause its degradation [36].

Recently, many CRC-associated lncRNAs have been identified. Hu et al. reported that 
three dysregulated lncRNAs (AK123657, BX648207, and BX649059) are required for 
efficient invasion and proliferation suppression in CRC cell lines, which may provide 
an efficient classification tool for clinical prognosis evaluation of CRC [37]. Zheng et al. 
evaluated metastasis associated lung adenocarcinoma transcript 1 (MALAT-1) expression 
in 146 stage II/III CRC patients and 23 paired normal samples, and confirmed that its 
expression was up-regulated in CRC tissues, thereby suggesting that MALAT-1 might serve as 
a negative prognostic marker [38]. Colon cancer-associated transcript family, HOX transcript 
antisense RNA, H19, and other lncRNAs such as plasmacytoma variant translocation 1 have 
been reported to be associated with CRC development [22]. Xia et al. reported 15 lncRNAs 
that were demonstrated to be linked with diverse biological processes in CRC progression 
[39]. These results were obtained by comparing tumor tissues and adjacent tissues, but the 
expression level of lncRNAs in these tissues was not necessarily the same as that in plasma 
[40]. Only a few studies have focused on the role of plasma lncRNAs in CRC diagnosis, 
and even fewer have focused on plasma exosomes. Wang et al. successfully established a 
distinctive serum 4-lncRNA panel (BANCR, NR_026817, NR_029373, and NR_034119) for 
CRC detection through stringent step-by-step selection procedures [41]. However, these 
stringent step-by-step procedures are not suitable for large sample screening. Our study is 
the first to link exosomal lncRNAs with CRC diagnosis.

In our study, we found that the expression level of exosomal lncRNAs was significantly 
up-regulated in CRC patients compared with that in healthy individuals. Among these, six 
highly expressed lncRNAs (LNCV6_116109, LNCV6_98390, LNCV6_38772, LNCV_108266, 
LNCV6_84003, and LNCV6_98602) were subjected to further verification. Results indicated 
that their plasma expression level in exosomes was up-regulated in CRC patients compared 
with that in normal subjects. ROC curve analysis confirmed the diagnostic values of these 
lncRNAs, suggesting their potential to be used as novel biomarkers for CRC.

Although we obtained positive results, further diverse studies are required to clarify 
the specific role of these lncRNAs in CRC; more cohorts should be analyzed in subsequent 
analyses. The stage of tumorigenesis at which the lncRNA expression level is up-regulated 
should also be investigated. Colorectal adenoma is considered the common benign precursor 
lesion for CRC transformation. Further studies should be performed to determine whether 
the expression level of these lncRNAs has already been altered at the very early stage of CRC.
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Conclusion

In conclusion, by comparing the expression level of lncRNAs between different plasma 
exosomal samples, we identified a panel of six lncRNAs with high sensitivity and specificity 
that can be used as biomarkers for non-invasive screening of CRC.
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