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Aim: Traditional non-invasive diagnostic markers for gastric cancer (GC) exhibit insufficient

sensitivity and specificity. Circulating exosomes are clinically useful non-invasive biomar-

kers for tumor diagnosis. In addition to their potential role in cancer biology, circulating long

non-coding RNAs (lncRNAs) are a new class of promising cancer biomarkers. In the present

study, we aimed to identify lncRNAs in circulating exosomes with potential as biomarkers

for GC detection.

Methods: We compared the expression of CEBPA-AS1 between GC cells and gastric

epithelial cells. The biological function of exosomal CEBPA-AS1 was determined by cell

phenotype experiments and rescue assays. We also compared the expression of CEBPA-AS1

in cancerous tissue from GC patients and corresponding adjacent normal tissues, as well as

the expression of CEBPA-AS1 in plasma exosomes of GC patients and healthy controls.

Diagnostic accuracy was assessed by the receiver operating characteristic (ROC) curve and

area under the curve (AUC).

Results: CEBPA-AS1 was highly expressed in both GC cells and in exosomes secreted by

GC cells. In addition, CEBPA-AS1-containing exosomes secreted by GC cells could promote

cell proliferation and inhibit apoptosis, thereby inducing the malignant behavior of GC cells.

The level of CEBPA-AS1 was also significantly increased in tissues and plasma exosomes of

GC patients. Stability tests showed that most plasma CEBPA-AS1 was encased in exosomes,

thus avoiding degradation by RNases. We evaluated the diagnostic accuracy of exosome-

derived CEBPA-AS1. The AUC value of CEBPA-AS1 in discriminating GC patients from

healthy controls was 0.824, which was higher than the diagnostic accuracy of other tradi-

tional tumor biomarkers.

Conclusion: CEBPA-AS1-containing exosomes secreted from GC cells could promote cell

proliferation, inhibit apoptosis, and induce GC progression, indicating that exosomal

CEBPA-AS1 is involved in cell-to-cell communication in GC carcinogenesis. Exosomal

CEBPA-AS1 is a promising new biomarker for clinical diagnosis of GC.
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Introduction
Despite its declining incidence in recent years, gastric cancer (GC) remains the fourth

most common cancer type and the second leading cause of cancer-related death.1

A large number of GC patients already present with distant metastases or are at high

risk of developing severe complications at the time of diagnosis. Currently, the gold
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standard for GC diagnosis is gastroscopy plus pathological

biopsy, which is invasive and uncomfortable.2 Humoral

biopsy is noninvasive, but serum tumor biomarkers used for

GC diagnosis have low sensitivity and specificity.3 With the

development of high-throughput sequencing technology, cir-

culating RNA in serum or plasma presents as a novel and

non-invasive diagnostic biomarker.4 However, circulating

RNA is susceptible to endogenous RNases, and RNAs can

also be released by circulating dysfunctional cells.

Exosomes are reported as being protective against RNA

degradation, and enhance the stability of RNA in circulating

blood.5 Additionally, exosomes, which are mediators of inter-

cellular communication, can both participate in tumor forma-

tion and inhibit tumor progression. Exosomes are also an

important part of the tumor microenvironment, and exosomal

RNA can accurately reflect the changes occurring in cancer

cells during tumor development.6 Therefore, detecting tumor-

derived exosomal non-coding RNA (ncRNA) may lead to the

identification of new tumor biomarkers. Several reports have

highlighted the clinical significance of circulating exosomal

RNAs, especially miRNAs, for GC diagnosis.7–9 However,

the low quantity and specificity of circulating miRNAs greatly

limits their value as diagnostic molecules, and other types of

RNAs, such as long non-coding RNAs (lncRNAs), may be

more suitable as diagnostic markers. However, the signifi-

cance of cancer cell-derived exosomal lncRNA in plasma or

serum for GC diagnosis remains unclear. LncRNAs are a class

of ncRNA molecules with a length of more than 200 nucleo-

tides with limited protein-coding capacity.10 Several studies

have demonstrated that lncRNAs affect and regulate gene

expression at multiple levels, including epigenetic, transcrip-

tional, transcriptional, and post-translational levels, suggesting

they may be of clinical significance in humoral GC biopsy.

In the present study, we found that GC cells can pro-

duce and release exosomes, and that lncRNA CEBPA-

AS1, located at 19q13.11,11 is highly expressed in GC

cell-derived exosomes, as well as in GC plasma exosomes.

We further verified the potential of CEBPA-AS1 as a GC

diagnostic biomarker and compared it with traditional

plasma tumor markers.

Materials and Methods
Cell Lines and Cell Culture
The human normal gastric epithelial cell line GES-1 and

human gastric cancer cell lines SGC-7901 and BGC-823

were obtained from China Medical University (Shenyang,

China). The cells were cultured in RPMI-1640 medium

supplemented with 10% fetal bovine serum (FBS,

Invitrogen, Carlsbad, CA, USA), 100 U/mL penicillin,

and 100 μg/mL penicillin/streptomycin (Invitrogen) at

37 °C under 5% CO2 and 20% O2. All experiments were

performed in triplicate with independent cell cultures.

Ethical Statement and Plasma Collection
Between January 2015 and December 2018, 281 GC

patients and 80 healthy controls were enrolled in the

study. All patients provided written, informed consent

before surgery at the Liaoning Province Cancer Hospital

& Institute. All patients underwent radical gastrectomy and

D2 lymph node dissection. Patients treated with chemother-

apy or radiotherapy before blood collection were excluded.

Tumors were staged according to the International Union

against Cancer (UICC) guidelines. The detailed clinical

characteristics of the patients are provided in Table 1. The

blood samples included in this study were collected into

vacuum tubes with EDTA anticoagulant before surgery and

pharmacotherapy and handled within 1 h after collection.

Blood samples were subjected to centrifugation at 5000 rpm

for 10 min at 4 °C, and the plasma was then stored at −80 °

C. GC tissues and matched non-cancerous adjacent tissues

were collected from 40 of the above patients.

Separation of Nuclear and Cytoplasmic

Fractions
A PARIS kit (AM1921; Thermo Fisher Scientific, Yokohama,

Japan) was used to divide the total cellular fractions into

nuclear and cytoplasmic fractions following the manufac-

turer’s protocol. The kit could also be used to isolate the

RNA from the same experimental sample, and was guaranteed

to separate the nuclear and cytoplasmic components before the

RNAwas separated.

Exosome Isolation
Cells were plated in 15-cm dishes and maintained in 30 mL

of RPMI-1640 medium supplemented with 10% Exosome-

depleted FBS (ExoFBS™; System Biosciences, CA, USA)

and 1% penicillin/streptomycin for 48 h for exosomes collec-

tion from cell culture medium. A 0.22-µm membrane filter

(Millipore, USA) was used to pre-clear 20 mL of plasma

(1:10 diluted in phosphate-buffered saline [PBS]) or 20 mL

of culture medium. Differential centrifugation is the most

common method to isolate exosomes and is considered

a gold standard.12 First, the samples were centrifuged at

room temperature for 20 min at 3000 × g and 10,000 × g,
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respectively, to remove cells and other impurities from

plasma or cell culture medium. To remove microvesicles

which were larger than exosomes, supernatants were then

centrifuged at 100,000 × g for 30 min at 4 °C, harvested, and

centrifuged again at 10,000 × g for 70 min at 4 °C. The

supernatants were gently poured out and the exosome sedi-

ments were re-suspended in PBS.

Transmission Electron Microscopy
The exosome suspension was diluted to 0.5 mg/mL in PBS.

The suspension was then spotted onto a glow-discharged

copper grid placed on a filter paper and dried for 10 min by

exposure to infrared light. Next, one drop of phosphotungs-

tic acid (1% aqueous solution) was used to stain the exo-

some samples for 5 min, following which the samples were

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 Blot Analysis
For immunoblotting, protein was extracted from an equal

number of exosomes, suspended in SDS lysis buffer with

proteinase inhibitors, and quantified by bicinchoninic acid

assays (Pierce, USA). Then, 20 μg of exosomal protein

was resolved on a 12% SDS–PAGE gel, transferred to

a PVDF membrane (Millipore), and then incubated with

primary antibodies against CD63 (1:1000, Abcam), CD81

(1:1000, Abcam), and HSP70 (1:1000, Santa Cruz) at 4 °C

overnight. The gray values of the expression of all proteins

were measured using ImageJ (NIH, Bethesda, MD, USA).

Real-Time Reverse Transcription–
Polymerase Chain Reaction (Real-Time

PCR)
Complementary DNA (cDNA) was generated from 500 ng

of total RNA using the Promega miRNA first-strand

cDNA core kit (Promega, Madison, WI, USA). Real-time

PCR was performed in a LightCycler 480 (Roche AG,

Basel, Switzerland) using SYBR Master Mixture (Takara

Bio, Inc., Kusatsu, Japan). Each sample was analyzed in

triplicate. U6 DNA was used as loading control. Fold

changes in RNA expression between different cells were

determined by the 2−△△CT method.

Immunofluorescence
Cells were fixed in 4% paraformaldehyde in PBS at room

temperature for 10min and permeabilized by 0.1% Triton-X

and 1% BSA in PBS for 30min at room temperature. DNA

was stained with 4′,6-diamidino-2-phenylindole (DAPI).

Biomarkers were detected by antisense probe hybridization

at 37 °C for approximately 16 h. Imaging was performed

using an ECLIPSE Ni microscope (Nikon, Japan).

Lentivirus Vector System, and Cell

Transfection
Lentiviruses carrying siRNA sequences targeting human

CEBPA-AS1 were obtained from GeneChem (Shanghai,

China). The viruses and Polybrene reagent (Abbott

Table 1 CEBPA-AS1 Expressions and Clinicopathologic

Characteristics

Characteristics CEBPA-AS1

Low High P X2

140(49.8) 141(50.2)

Age 0.399 0.834

≤60 56(46.7) 64(53.3)

>60 84(52.2) 77(47.8)

Gender 0.258 1.387

Male 88(47.3) 98(52.7)

Femal 52(54.7) 43(45.3)

Tumor Size 0.032 5.005

<5cm 110(53.9) 94(46.1)

≥5cm 30(39.0) 47(61.0)

Location 0.880 0.255

Up 36(47.4) 40(52.6)

Middle 9(50.0) 9(50.0)

Low 95(50.8) 92(49.2)

Bormann type 0.027 9.215

I 12(85.7) 2(14.3)

II 61(51.3) 58(48.7)

III 66(45.8) 78(54.2)

V 1(25.0) 3(75.0)

Lauren type 0.166 3.595

Intestinal 99(53.2) 87(46.8)

Mixed carcinoma 32(46.4) 37(53.6)

Diffuse 9(34.6) 17(65.4)

Tumor differentiation 0.291 0.461

Moderate and high 48(52.7) 43(47.3)

Poor 92(48.4) 98(51.6)

TNM stage 0.000 167.822

I 45(100.0) 0(0.0)

II 71(88.8) 9(11.3)

III 23(15.3) 127(84.7)

IV 1(16.7) 5(83.3)
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Laboratories, Chicago, IL, USA) were used to infect cells.

GC cells were cultured for 72 h in medium containing

puromycin for cell screening. For in vitro exosome

assays, 1 µg of exosomes (equivalent to those collected

from ~5 × 106 producer cells) were added to 2 × 105

recipient cells.

Gene Expression in TCGA
The online Gene Expression Profiling Interactive Analysis

(GEPIA, http://gepia.cancer-pku.cn)13 web tool was used

to analyze RNA sequencing expression data which was

based on The Cancer Genome Atlas (TCGA) and the

Genotype-Tissue Expression (GTEx) projects.

Proliferation Assay Using Cell Counting

Kit-8
Cell Counting Kit-8 (CCK-8) was used to evaluate

the cellular proliferative capacity according to the

manufacturer’s instructions (Dojindo Laboratories,

Kumamoto, Japan). The optical density at 450 nm

was determined on a microplate reader (Bio-Rad,

Hercules, CA, USA).

Cell Cycle and Apoptosis Analyses
Cells were cultured in 6-cm plates for 72 h at 1 × 106 cells/

dish. Cells were collected for cell cycle analysis and pre-

cooled with 70% ethanol at 4 °C overnight. The cells were

then washed with precooled PBS and incubated with pro-

pidium iodide (Sigma–Aldrich, St. Louis, MO, USA) at 37

°C for 1 h. For apoptosis analysis, cells were incubated

with Annexin V–APC (Yeasen Biotech, Shanghai, China)

at room temperature in the dark for 30 min. BD flow

cytometry (Franklin Lake, New Jersey, USA) was used

in both tests and FlowJo software (Ashland) was used for

analysis.

Statistical Analysis
Statistical Package for Social Science (SPSS; IBM,

Armonk, NY, USA) version 19.0 was used for statistical

analysis. All data are presented as means ± SD (standard

deviation). The Student’s t-test was used when the var-

iance between groups was similar; otherwise, the

Wilcoxon-signed rank test was used. One-way analysis

of variance (ANOVA) was used for comparisons between

multiple groups. Differences with a P-value <0.05 were

considered significant.

Results
The Expression of CEBPA-AS1 in GC

Cells and Exosomes
qPCR results showed that the expression of CEBPA-AS1

was increased in BGC-823 and SGC-7901 cells compared

with that in control GES-1 cells (Figure 1A). Next, we

investigated whether extracellular CEBPA-AS1 could be

detected. The level of CEBPA-AS1 in culture medium

(CM) did not change with RNase treatment alone; how-

ever, the level of CEBPA-AS1 significantly decreased

when the CM was treated with RNase plus Triton x-100

(Figure 1B). This indicated that extracellular CEBPA-AS1

was mainly enveloped by membrane, rather than being

directly released. Exosomes isolated from GC cells had

a classical cup shape, size, and number (Figure 1C).

Although both GC cells and control cells could secrete

exosomes (Figure 1D), the level of exosomal CEBPA-AS1

derived from GC cells was significantly higher than that of

control cells (Figure 1E). GC cells were co-incubated with

GC cell-derived exosomes which were labeled fluorescent

green. Fluorescence microscopy analysis showed that the

exosomes could be taken up by GC cells (Figure 1F).

Fluorescence microscopy analysis further showed that

the CEBPA-AS1 signal was mainly localized in the cyto-

plasm of GC cells (Figure 1G). Moreover, a similar result

was obtained with nuclear/cytoplasmic RNA fractionation

(Figure 1H and I).

Exosomal CEBPA-AS1 Expression Affects

the Malignant Phenotype of GC Cells
Based on the above analysis, we reasoned that the abnormal

expression of CEBPA-AS1 could be closely related to the

malignant phenotype of GC cells. Therefore, we evaluated

the biological role of CEBPA-AS1 in vitro. As CEBPA-AS1

was highly expressed in GC cells, we used RNAi to silence

the expression of CEBPA-AS1 (Figure 2A). Si-CEBPA-

AS1#1 inhibited the expression of CEBPA-AS1 to the great-

est extent and was therefore selected for subsequent studies.

We also isolated exosomes from untreated SGC-7901 and

BGC-823 cells, which we called CEBPA-AS1-exo. We

added si-CEBPA-AS1#1 and/or exosome-riched CEBPA-

AS1 at 40 μg/mL to GC cells, and investigated the effect

of CEBPA-AS1 on cell proliferation using CCK-8 assays.

The results showed that CEBPA-AS1 knockdown signifi-

cantly inhibited the proliferative capacity of GC cells, while

this effect could be partially reversed in both types of GC

cells when CEBPA-AS1-exo was added to the medium
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(Figure 2B and C). Additionally, si-CEBPA-AS1#1 induced

cycle arrest of GC cells at the S and G2 phases, but this

effect was also partially rescued by the addition of CEBPA-

AS1-exo, which induced an increase in the percentage of

cells in the G1 phase (Figure 2D). Similarly, si-CEBPA-

AS1#1 increased the number of apoptotic GC cells, which

again was reversed by co-exposure to CEBPA-AS1-exo

(Figure 2E). These results indicated that CEBPA-AS1

contributed to the malignant phenotype of GC cells and

exosomal CEBPA-AS1 served as a mediator in intercellular

communication.

We also downregulated CEBPA-AS1 expression in GES-1

cells by RNAi, and found that apoptosis (Supplementary

Figure 1A and B), cell cycle (Supplementary Figure 1C

and D), and proliferation (Supplementary Figure 1E) were all

affected, although not significantly. Again, this effect was

rescued by CEBPA-AS1-exo application.

The flank 10 k theory suggests that lncRNAs can cis-

regulate adjacent genes within a range of 10,000 bp of its

chromosome location.14 Therefore, we investigated whether

CEBPA-AS1 could affect the expression of CEBPA

(CCAAT enhancer binding protein alpha) using GEPIA, an

interactive web server based on TCGA. The TCGA expres-

sion profile data showed that CEBPAwas highly expressed in

GC patients (Supplementary Figure 2A). In addition, qPCR

data indicated that CEBPAwas also highly expressed in GC

cells (Supplementary Figure 2B). Moreover, once the cells

had absorbed the CEBPA-AS1-exo, the expression of

CEBPA continued to rise (Supplementary Figure 2C). This

suggested that the effect of CEBPA-AS1 on the malignant

phenotype of GCwas exerted throughCEBPA, similar to that

reported by Guo Y et al11 for oral squamous cell carcinoma.

CEBPA-AS1 Is Highly Expressed in GC

Tissues and GC-Derived Exosomes
We then measured the expression of CEBPA-AS1 in tissue

samples and that of CEBPA-AS1-exo in plasma samples

from patients. Forty matched specimens were included in

the evaluation. CEBPA-AS1 was expressed in all GC tissue

samples, and its expression level was higher in GC samples

than in adjacent non-cancerous tissues (Figure 3A). Then,

we enrolled 281 GC patients and 80 normal healthy subjects.

The levels of exosomal CEBPA-AS1 in plasma samples

from the 281 patients were measured by qPCR. Exosomal

CEBPA-AS1 expression levels were markedly upregulated

in plasma samples derived from GC patients compared with

those from healthy subjects (Figure 3B, P < 0.01).

Figure 1 CEBPA-AS1 expression in GC cells and exosomes secreted by cells. (A)

CEBPA-AS1 was overexpressed in GC cells. (B) RT-PCR analysis of CEBPA-AS1 in

the CM of GC cells treated with RNase (2 mg/mL) alone or combined with Triton

X-100 (0.1%) for 20 min. (C, D) Isolated exosomes from GC cells were assessed by

C transmission electron microscopy, D Western blot. (E) RT-PCR analysis of

CEBPA-AS1 in exosomes isolated from the CM of GC cells and gastric epithelial

cell. (F) Representative fluorescence microscope images of GC cells-derived exo-

somes taken up by GC cells. (G) Immunofluorescence indicates that CEBPA-AS1

was mainly localized in the cytoplasm. (H, I) The expression level of CEBPA-AS1 in

the subcellular fractions of GC cells was detected by RT-PCR. U6 and β-actin were

used as nuclear and cytoplasmic markers, respectively. (G) SGC-7901, (H) BGC-

823. *P < 0.05, n=3.
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Figure 2 Effect of CEBPA-AS1 and exsomal CEBPA-AS1 on GC cellular phenotype. (A) GC cells transfected with si-CEBPA-AS1 or NC were confrmed by RT-PCR. GAPDH

was used as a loading control in RT-PCR. (B, C) CCK-8 evaluated the effect of CEBPA-AS1 knockdown and CEBPA-AS1 knockdown + CEBPA-AS1 exosomes on GC cell

proliferation. (B) SGC-7901; (C) BGC-823. (D) Effects of CEBPA-AS1 knockdown and CEBPA-AS1 knockdown + CEBPA-AS1 exosomes on GC cell cycle. (E) Effects of
CEBPA-AS1 knockdown and CEBPA-AS1 knockdown + CEBPA-AS1 exosomes on GC cell apoptosis. *P < 0.05, **P < 0.01, n=3.
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Forty GC patients’ tissue and plasma sample were used

to determined whether a correlation existed between

CEBPA-AS1 in tissue and exosomal CEBPA-AS1 in

plasma. It found that a significant positive correlation

between the two groups (Figure 3C, R = 0.6756, P <

0.01). Then, we measured the levels of CEBPA-AS1 in

plasma exosomes derived from the 281 GC patients before

and after surgery. The results showed that the level of

plasma exosomal CEBPA-AS1 decreased significantly

after surgery (Figure 3D, P < 0.01). We also found that

CEBPA-AS1 expression in plasma exosomes was related

to TNM stage, and that the expression of CEBPA-AS1

increased with increasing tumor malignancy (Figure 3E,

P < 0.05).

Analysis of CEBPA-AS1 Stability in Plasma
The stability of circulating RNA is a prerequisite for its

diagnostic capacity. To test the stability of CEBPA-AS1 in

plasma, 10 GC samples were directly treated with RNase

or RNase plus Triton X-100. Similar to the in vitro results,

CEBPA-AS1 levels in plasma did not change after RNase

treatment alone (Figure 4A). However, the expression of

CEBPA-AS1 was significantly reduced with combined

RNase and Triton x-100 treatment and the Ct value was

significantly increased (Figure 4B). Finally, the plasma

samples were stored at −80 °C for 3 months with no

significant change in Ct value (Figure 4C). This suggested

that the expression of CEBPA-AS1 in plasma exosomes

was stable.

Figure 3 Expression of CEBPA-AS1 in human GC. (A) CEBPA-AS1 expression in GC tissues compared to paired adjacent tissues in 40 patients. (B) Differences in plasma

exosome CEBPA-AS1 expression between GC patients and healthy controls. (C) Correlation between CEBPA-AS1 expression levels in tissues and plasma exosomes. (D)

Comparison of plasma exosomes CEBPA-AS1 levels in pre- and post-operation samples. (E) Relationship between CEBPA-AS1 expression in plasma exosomes and TNM.

**P < 0.01.

Figure 4 Stability of CEBPA-AS1 expression in circulating exosomes. (A) RNase A had no effect on the level of exosomal lncRNAs in circulating group. (B) Exosome

isolated nucleic acids were completely degraded by the treatment of RNase A. (C) It had no effect on the level of exosomal lncRNAs when the plasma samples were

incubated at − 80 °C for months. *P < 0.05, **P < 0.01, n=10.
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Correlation Between the Expression of

Exosomal CEBPA-AS1 and

Clinicopathological Features
The patients were divided into high-expression and low-

expression groups based on the median expression levels

of CEBPA-AS1 in the 281 enrolled patients. The relation-

ship between clinicopathological features and CEBPA-

AS1 expression is shown in Table 1. Chi-square tests

showed that the expression of CEBPA-AS1 was closely

related to tumor size (P = 0.032, χ2 = 5.005), Bormann

type (P = 0.027, χ2 = 9.215), and TNM stage (P = 0.000,

χ2 = 167.822).

Diagnostic Value of Exosomal

CEBPA-AS1 for GC Patients
CEA,CA19-9, CA72-4, CA12-5, andAFP arewidely used for

screening and auxiliary diagnosis of malignant tumors of the

digestive system. The ROC curve and AUC value of plasma

exosomal CEBPA-AS1 was significantly higher than that of

these traditional markers (Figure 5A–F). The combined diag-

nostic AUC value of these markers (Figure 5G) was higher

than that of each single marker, but still lower than that of

plasma exosome CEBPA-AS1. Finally, we evaluated the

diagnostic value of CEA, CA19-9, CA72-4, CA12-5, AFP,

and exosome CEBPA-AS1 for GC, and found that the AUC

value was higher than any single biomarker (Figure 5H).

When 2.514 was selected as the best cut-off value, the sensi-

tivity and specificity of exosomal CEBPA-AS1 were 87.9%

and 78.8%, respectively. Overall, these data suggest that cir-

culating exosomal CEBPA-AS1 is a potential biomarker for

GC diagnosis.

Discussion
Gastric cancer is a common digestive system malignant

tumor with complex etiology. Because of the low rate of

early diagnosis, most GC patients are diagnosed at an

advanced stage in China. Although traditional treatment

strategies have improved, the 5-year survival rate is still

low.15 Therefore, it is critical that GC is diagnosed early,

and finding a suitable plasma molecular biomarker may be

an effective method to achieve this goal.

Several studies have demonstrated the feasibility of using

circulating lncRNAs as biomarkers for tumor diagnosis; how-

ever, numerous preanalytical and analytical aspects, such as

sample choice, extraction method, and donor-related factors,

may affect the accuracy of circulating lncRNA determination.

The stability and longevity of lncRNA molecules are
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Figure 5 Receiver operating characteristic (ROC) curves of biomarkers. (A) ROC curve of CEA, area under the curve (AUC) = 0.667. (B) ROC curve of CA12-5, AUC = 0.734.

(C) ROC curve of CA72-4, AUC = 0.620. (D) ROC curve of AFP, AUC = 0.571. (E) ROC curve of CA19-9, AUC = 0.563. (F) ROC curve of plasma exosomes CEBPA-AS1, AUC

=0.824. (G) ROC curve of combined CEA, CA12-5, CA72-4, AFP, and CA19-9; AUC = 0.774. (H) ROC curve of combined CEA, CA12-5, CA72-4, AFP, CA19-9, and CEBPA-AS1;

AUC = 0.850.
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preconditions for cancer noninvasive diagnosis.16 Exosomes

contain various cargos, and are ideal carriers owing to their

double-membrane structure. Exosomes secreted by tumor

cells can deliver pathological substances to normal cells,

thereby affecting the growth and differentiation of normal

cells. In addition, some exosomes can enter the blood circula-

tion as potential molecular diagnostic markers or participate in

tumor invasion and metastasis.17

CEBPA-AS1, also known as LOC80054, was first

detected in a sample of 51 GC patients. Together with the

other four lncRNAs, they exhibit diagnostic value in GC.18

Furthermore, CEBPA-AS1 was also highly expressed in oral

squamous cell carcinoma (OSCC) tissue, andmay participate

in the development of OSCC through the CEBPA-AS1

/CEBPA/BCL2 axis.11 TCGA data mining revealed that

CEBPA-AS1 participated in the establishment of a lung ade-

nocarcinoma diagnostic prediction model.19 Although

CEBPA-AS1 may be an oncogene, its presence in tumor-

derived exosomes has not been reported. Our results showed

that CEBPA-AS1 was enriched in GC cells, and could be

secreted by exosomes. Moreover, exosomes containing

CEBPA-AS1 affected the proliferation and apoptosis of GC

cells. This implies that CEBPA-AS1 is related to the malig-

nant biological behavior of GC, and has diagnostic signifi-

cance. Stable expression is the premise for the clinical

application of exosomal CEBPA-AS1 as a diagnostic marker.

We found that plasma CEBPA-AS1 could not be degraded by

RNase, and CEBPA-AS1 could be stable for extended peri-

ods when stored at −80 °C. The diagnostic efficacy of plasma

exosomal CEBPA-AS1 was significantly higher than that of

conventional tumor biomarkers, and was closely related to

GC clinical stage.

The study of exosomal lncRNAs is still in its infancy.

At present, many standards have not been unified, such as

whole blood collection, preparation, treatment, and storage

of plasma/serum, exosome and RNA extraction, lncRNA

quantification, and the cut-off value of lncRNA. Only

consensus in these areas can reduce the differences in

results between laboratories that may have a significant

impact on lncRNA results. Despite the above difficulties,

exosomal lncRNAs have great potential as biomarkers.

First, exosomes exhibit specificity, and possess unique

markers for easy identification, and the contents released

by exosomes can differ under different physiological or

pathological conditions.20 LncRNAs have a selective load-

ing mechanism, namely, lncRNA expression is lower in

cells than in exosomes.21 Secondly, lncRNA stability is

not affected by external conditions as it is protected by

a lipid bilayer.22 Therefore, investigation into exosomal

lncRNAs deserves our time and energy.

Although we identified and verified the importance of

CEBPA-AS1 exosomes in the diagnostic significance of

GC, the present study nevertheless has some limitations.

First, we did not identify the mechanism associated with the

role of CEBPA-AS1 in GC pathogenesis. Second, patients

who received neoadjuvant chemotherapy were not included

in this study, and the diagnostic significance of CEBPA-

AS1 for this group of patients remains unclear, including

whether CEBPA-AS1 expression is decreased with disease

remission. Third, we did not analyze the relationship

between CEBPA-AS1 expression and survival in GC.

These questions need to be addressed in future studies.

Conclusion
In conclusion, our study demonstrated the presence of

CEBPA-AS1 in exosomes isolated from GC cells culture

medium and plasma samples of GC patients, and it was

associated with GC proliferation and apoptosis. In addi-

tion, it was overexpressed in GC culture medium and

plasma. Compared with traditional tumor markers,

CEBPA-AS1 may be a better diagnostic marker.
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