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Abstract

Background The aberrant expression of long noncoding RNAs (lncRNAs) is found in various types of cancers and also 

showed its association with the occurrence and development of gastric cancer (GC). We found lncRNA COL1A1-014 was 

frequently upregulated in GC.

Methods This study investigated COL1A1-014 for its biological function at both cellular and animal levels, using MTT, flow 

cytometry, colony formation and transwell assays. The expression levels of COL1A1-014 and other genes were detected by 

RT-PCR and western blot. Luciferase reporter assay was used to detect the potential binding of miR-1273h-5p to COL1A1-

014 and CXCL12.

Results We found that COL1A1-014 was frequently upregulated in GC tissues as well as cells. COL1A1-014 increased cell 

proliferation, colony forming efficiency, migration ability, invasion ability, and weight and volume of grafted tumors, while 

reduced cell apoptosis. Overexpression of COL1A1-014 increased the mRNA expression of chemokine (CXCmotif) ligand 

(CXCL12) and high levels of CXCL12 and CXCR4 proteins in GC cells. The levels of miR-1273h-5p showed an inverse 

correlation with COL1A1-014 and CXCL12 in GC cells transfected with miR-1273h-5p. The mRNAs of wild-type COL1A1-

014 and CXCL12 showed reduction in HEK293 cells transfected with miR-1273h-5p. This suggested that COL1A1-014 

functions as an efficient miR-1273h-5p sponge and as a competing endogenous RNA (ceRNA) to regulate CXCL12. The 

proliferative activity of COL1A1-014 on GC cells was blocked by CXCL12-CXCR4 axis inhibitor AMD-3100.

Conclusions These findings demonstrated that COL1A1-014 play an important regulatory role in GC development by func-

tioning as a ceRNA in regulating the CXCL12/CXCR4 axis via sponging miR-1273h-5p.
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Introduction

Gastric cancer (GC) is one of the most common malignan-

cies in the world and is the second most frequent cause of 

cancer death [1]. Although the serum carcinoembryonic 

antigen (CEA), carbohydrate antigen (CA) and pepsinogen 

(PG) are used as diagnostic markers for GC, the early detec-

tion rate is only 5% due to lack of symptoms in the early 

stage [2]. There are several treatment options available, such 

as chemotherapy, immunotherapy and targeted therapy, for 

the treating GC. Targeted therapeutic drugs, including tras-

tuzumab and ramucirumab, specifically inhibit epidermal 

growth factor receptor 2 (EGFR-2) and vascular endothelial 

growth factor receptor 2 (VEGFR-2). These drugs improved 

the efficacy of chemotherapy and prolonged the overall sur-

vival time of patients with advanced GC. However, the prog-

nosis of metastatic GC still remained poor [3–6]. Therefore, 
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it is imperative to explore alternative therapeutic targets 

based on the pathophysiological mechanisms of GC. Previ-

ous studies have shown that the incidence of GC showed a 

close association with mutations and abnormal transcription 

of specific genes. For example, signal transduction activa-

tor 3 (STAT3), human epidermal growth factor receptor 2 

(Her-2) and bone morphogenetic protein (BMP4) are highly 

expressed in GC. As oncogenes, these are involved in the 

invasion, metastasis, proliferation, apoptosis, differentiation, 

infiltration and drug resistance of GC and has close correla-

tion with poor prognosis of cancer [7, 8]. On the other hand, 

tumor suppressors such as phosphate and tension homol-

ogy deleted on chromosome ten (PTEN) and aplasia Ras 

homolog one (ARH) do not often express in GC [9].

Long non-coding RNAs (LncRNAs) are a class of non-

coding RNAs with a length of more than 200 nt, and they 

have been implicated in a variety of biological processes 

and diseases recently [10]. LncRNA is not a by-product 

of RNA polymerase II transcription, and is involved in the 

regulation of transcription activation and other important 

pathophysiological processes. It regulates signal transduc-

tion pathways associated with tumor proliferation, apoptosis, 

metastasis, migration and drug resistance [11–15]. Up- or 

down-regulation of certain lncRNAs induces apoptosis of 

tumor cells, or weakens their anti-apoptotic ability [16, 17], 

indicating that lncRNAs act as potential therapeutic targets 

and biomarkers in cancer treatment.

Although tremendous advances have been made regard-

ing the involvement of lncRNAs in tumor progression, there 

are still several lncRNAs with unclear regulatory mecha-

nisms on tumors. So, understanding the role of lncRNAs in 

oncogenesis has great value and potential in early diagno-

sis, treatment and prognosis of GC. Hence, in this study, a 

microarray-based screening was preformed to identify lncR-

NAs that are differentially expressed in GC. The identified 

lncRNA was characterized in cells and animals to investigate 

its molecular mode of action in regulating the progression 

of GC. This in turn provides insights to discover new thera-

peutic targets for treating GC.

Materials and methods

Tissue specimens

GC tissues and adjacent normal tissues (located > 5 cm away 

from the tumor border) were obtained from 53 GC patients 

at the Chinese PLA General Hospital. These patients did not 

undergo radiotherapy or chemotherapy before undergoing 

surgery. The fat tissues were removed on ice and the tissues 

were washed with 0.9% sodium chloride, confirmed histo-

pathologically and then stored in liquid nitrogen. The exper-

imental protocols were approved by the Human Research 

Ethics Committee of Chinese PLA General Hospital. Writ-

ten informed consent was obtained from all patients.

Microarrays and sequence analysis

RNA extraction and preparation of cDNA from GC and 

adjacent normal tissue samples were conducted as previ-

ously described [16, 17]. Affymetrix Exon Array_Gminix 

lncRNA-WT v1.0 (Affymetrix, Santa Clara, CA, USA) 

was used for expression analysis as described previously 

[18, 19]. The data were normalized and the differentially 

expressed sequences were selected based on fold-changes 

of  ≥ 2 and p ≤ 0.05. miRNA target genes were predicted 

using miRanda.

Bioinformatics analysis

miRanda (https ://miran da.org.uk/) and miRcode (https 

://www.mirco de.org/) databases were used for predict-

ing lncRNA-miRNA interaction as described previously 

[20, 21]. The construction of competing endogenous RNA 

(ceRNA) network included 3 steps: (1) selection of lncR-

NAs, miRNAs and mRNAs that are up- or down-regu-

lated > 3.0 folds and with P values < 0.05; (2) identification 

of lncRNAs and mRNAs that are targeted by miRNAs with 

experimental support from miRanda software, and the inter-

section from the predictive value and the measured value 

of the chip; and (3) co-expression between lncRNAs and 

mRNAs. Next, the Gene Ontology (GO) and KEGG Path-

way enrichment analysis, functional analysis, and real-time 

reverse-transcription polymerase chain reaction (RT-PCR) 

were performed to validate important genes.

Lentiviral transduction and transfection

To study the effects of COL1A1-014 on cell activity, cDNA 

sequence of COL1A1-014 was inserted into pcDNA3.1 

expression vector (Invitrogen, Shanghai, China) as described 

previously [22]. The miRNA mimics, miRNA inhibitors 

and siRNAs to knockdown COL1A1-014 expression were 

obtained from GenePharma (Shanghai, China). For trans-

fection of pcDNA-COL1A1-014, miRNA mimics, miRNA 

inhibitors, siRNAs, the GC cells (2 × 105) were seeded at a 

density of 2 × 105 in 6-well plates. After culturing for 24 h 

(reached 80% confluence), the cells were transfected with 

miRNA mimics, miRNA inhibitors or siRNAs at a final 

concentration of 25 nmol/l using Lipofectamine RNAiMAX 

transfection reagent (Life Technologies, USA). The above-

mentioned cells were transfected with pcDNA-COL1A1-014 

at a final concentration of 1 μg/μl according to the protocol 

recommended by the manufacturer. After transfection for 48 

h, the total RNA from the harvested cells was isolated using 

Trizol reagent (Invitrogen, Carlsbad, CA, USA). The empty 

https://miranda.org.uk/
https://www.mircode.org/
https://www.mircode.org/
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pcDNA3.1 vector and scramble sequence of miRNA mimics, 

miRNA inhibitors or siRNAs were used as negative controls 

(NC). The transfection efficiency was evaluated by quantita-

tive real-time PCR and visualizing positive controls by con-

focal microscopy (Olympus FV-1000 Inverted Microscope).

MTT and flow cytometry assays

The human normal gastric epithelial cell lines (GES-1), 

human GC cell lines (such as BGC-823, SGC-7901, MGC-

803, MKN-45 and NCI-N87) and human embryonic kidney 

293 cells (HEK293) were purchased from the Cancer Insti-

tute and Hospital of Chinese Academy of Medical Science 

(Beijing, China). NCI-N87 and HEK293 were maintained in 

Dulbecco’s Modified Eagle Medium (DMEM) supplemented 

with 10% fetal bovine serum (FBS, heat inactivated at 56°C 

for 30 min), 100 U/mL penicillin and 100 U/mL streptomy-

cin at 37°C in an incubator in humidified atmosphere of 5% 

 CO2 atmosphere. All other cell lines were grown in RPMI 

1640 medium (Life Technologies, Carlsbad, CA, USA) plus 

10% FBS at 37°C in a humidified atmosphere with 5%  CO2.

Cell viability was evaluated using MTT [3-(4,5-dime-

thyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide] 

method [23]. Briefly, the transfected BGC-823 cells were 

treated with MTT solution (5 mg/mL) at 37 °C for 4 h and 

the absorbance value (OD) was measured at 490 nm using 

a plate reader. The cells at logarithmic growth period were 

digested with 0.25% trypsin, 5 × 107 cells/L were seeded in 

96 wall plate (100 μL/well) and treated with CXCL12 and 

C-X-C chemokine receptor (CXCR) inhibitor. CXCL12 

(Boster, Wuhan, China) at a final concentration of 100 ng/

ml and CXCR inhibitor AMD-3100 (Sigma, USA) at a final 

concentration of 1 µg/ml were added to the cells and the 

cells were transfected with COL1A1-014 lentivirus vectors 

after 24 h. After culturing for another 48 h, the cells were 

assayed for viability using MTT method as described above.

For apoptosis assay, the transduced BGC-823 cells were 

treated with 200 μmol/L 5-fluorouracil (5-FU) for 24 h. The 

cells were then harvested and stained with Annexin V-FITC 

and propidium iodide (PI), and loaded onto a flow cytometer 

(Bection Dikinson, USA) for analysis as reported previously 

[24].

Colony formation and transwell assays

To determine the colony formation ability, the transduced 

BGC-823 cells were digested with 0.25% trypsin, followed 

by mixing the single cell suspension with 0.6% Noble aga-

rose and then plated on solidified Noble agarose bottom gel. 

The cells were cultured for 14 days and then counted for 

colonies as reported [25].

Cell migration and invasion abilities were assayed using 

transwell methods [26]. For invasion, the membrane in 

the transwell chamber was coated with matrigel basement 

membrane matrix. The miR-1273h-5p-transfected or con-

trol vector-transfected cells were suspended at a density of 

5.0 × 105/mL in DMEM containing 1.0% bovine serum albu-

min (BSA). For migration, 100 μL (200 μL for invasion) was 

added into the upper chamber of the transwell chamber, and 

600 µL (700 μL for invasion) DMEM containing 20% FBS 

was added into the lower chamber. The cells were incubated 

for 24 h. At the end of the experiments, the cells on the 

upper side of the membrane were carefully wiped out, and 

the cells that migrated or invaded into the lower side of the 

membrane were fixed with 4% paraformaldehyde and stained 

with Giemsa solution. The images were then captured, and 

the number of cells was counted in 5 random fields for each 

group and presented as mean ± SD for statistical analysis.

Tumor xenograft

Special pathogen-free (SPF) male BALB/C nude mice, aged 

4–6 weeks and weighing 18–20 g were purchased from the 

Experimental Animal Center of PLA Medical College [Per-

mit no. SCXK (Jing) 2016-0006] and were raised in an ani-

mal center in SPF conditions. All animal experiments and 

animal care protocols were approved by the Institutional 

Animal Care and Use Committee of the Chinese PLA Gen-

eral Hospital. Twenty-four mice were randomly divided into 

2 groups, with 12 animals in each group. For each animal, 

0.2 ml (1.5 × l06) BGC-823 cells transduced with lentivirus 

were subcutaneously injected into the right anterior scapula 

to induce tumors. The animals were weighed daily and scari-

fied 21 days later to isolate the tumors for analysis.

 Luciferase reporter assay

miR-1273h-5p expression plasmid (GV268) was purchased 

from GeneChem Co., Ltd. (Shanghai, China). The wild-type 

and mutant DNA sequences of COL1A1-014 or CXCL12 

were custom synthesized by GeneChem Co., Ltd. and cloned 

into firefly luciferase plasmid GV272 (GeneChem). HEK-

293 cells after reaching 80% confluence were cultured in 

24-well plates and transfected using Lipofectamine 2000 

reagent (Life Technologies) according to the manufactur-

er’s protocol. Firefly luciferase plasmid and miR-1273h-5p 

expression plasmid were co-transfected with pRL-TK 

Renilla luciferase vector (Promega, Madison, WI, USA) 

for normalization. After transfection for 48 h, the luciferase 

activity was measured using dual-glo luciferase assay system 

(Promega). All experiments were performed in triplicate.

 RNA extraction and RT‑PCR

Total RNA was extracted using Trizol Reagent (Qiagen, 

USA). The RNA quantity was measured using a nanodrop 
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(Thermofisher, USA), and the RNA purity was evaluated 

by A260/A280 ratio. Reverse transcription was performed 

using superscript III transcript kit (Thermofisher, USA). 

RT-PCR was performed on MyIQ PCR system (BioRad, 

USA). Human glyceraldehyde-3-phosphate dehydrogenase 

(GAPDH, Hs03929097_g1) and β-actin were used as two 

housekeeping genes. PCR was carried out in a total volume 

of 10 μl, which containing 1.5 μl of diluted and pre-ampli-

fied cDNA, 10 μl of TaqMan gene expression master mix 

and 1 μl of each fluorescence TaqMan probe. The cycling 

conditions were as follows: 50 °C for 2 min, 95 °C for 10 

min followed by 40 cycles, with each one consisting of 15 s 

at 95 °C and 1 min at 60 °C. The samples were run in tripli-

cate and the mean values were calculated for each case and 

primers used are listed in Supplementary Table S1. The data 

were managed using the Applied Biosystems software RQ 

Manager v1.2.1, internal control was using the geometric 

mean of the two housekeeping genes’ Ct values. The rela-

tive expression was calculated using comparative Ct method 

and obtained the fold change value  (2−ΔΔCt) according to the 

previously described protocol [27].

 Western blot

Protein expression was examined using Western blotting 

as described in the previous study [28]. Briefly, the cells 

after undergoing different treatments were lysed with RIPA 

buffer that contains protease and phosphatase inhibitors 

cocktail and quantitated using the BAC kit. Polyacrylamide 

gel electrophoresis (SDS-PAGE) was performed using 50 μg 

protein, transferred onto a polyvinylidene fluoride (PVDF) 

membrane, and then detected by proper primary and sec-

ondary antibodies before visualization with a chemilumi-

nescence kit. The intensity of blot signals was quantitated 

using ultrasensitive chemiluminescence imaging system 

(ChemiDocXRS+).

 Statistical analysis

Data from cell experiments were obtained from at least 3 

independent experiments, and all data were expressed as 

means ± SD. Statistical comparisons between groups were 

evaluated using Student’s t test. P < 0.05 was considered to 

be statistically significant.

 Results

 COL1A1‑014 is up‑regulated in human GC tissues 
and GC cells

The expression of genes in 3 pairs of GC and adjacent tissues 

was initially analyzed using Affymetrix Exon Array_Gminix 

lncRNA-WT v1.0 Array. The results revealed 130 differen-

tially expressed lncRNAs (Fig. 1a) and 584 differentially 

expressed mRNAs (Fig. 1b). Some of the most significant 

ones are listed in Supplementary Table S2. Among them, 

lncRNA COL1A1-014 showed up-regulation to 5.49-fold 

in GC tissues when compared to adjacent tissues. To verify 

the up-regulation levels of 8 lncRNAs (Fig. 1c–j) and 4 

mRNAs (Fig. S1), the normal cell line GES-1 and 3 GC cell 

lines were quantified using PCR. The results showed that the 

expression of COL1A1-014, CAPN13, LCN2, TCHP, WSB1 

and ENST00000523236 were consistent with microarray 

results. The expression of COL1A1-014 was significantly 

higher in GC cell lines, particularly in MGC-803 cells, than 

in normal cell line (Fig. 1g).

The non-coding nature of COL1A1-014 was confirmed 

using coding-potential analysis. There are no enough open 

reading frames (ORFs) for COL1A1-014, and the mutation 

rate of the codon on exons of COL1A1-014 are less than 0. 

This indicated that there is no conservative type and it is 

likely to be a non-coding RNA (Fig. 2a). The expression lev-

els of COL1A1-014 were measured using RT-PCR in a total 

of 50 pairs of GC and adjacent tissues obtained from the GC 

patients (their clinical information was shown as supplemen-

tary Table S2). COL1A1-014 showed significant upregu-

lation in 78% (39/50) of GC tissues when compared with 

adjacent normal tissues (Fig. 2b). The average expression 

level of COL1A1-014 in GC tissues was 3.47-folds when 

compared to the adjacent tissues in the 50 pairs of GC and 

adjacent tissues (Fig. 2c). Also the lymph node metastasis 

might be associated with the high expression of COL1A1-

014 (Supplementary Table S3). The level of COL1A1-014 

in GC cell lines was further measured in more cell lines. The 

results showed that all 5 GC cell lines (MGC-803, BGC-

823, SGC-7901, MKN-45 and NCI-N87) demonstrated 

higher expression levels of COL1A1-014 than that of the 

non-tumorigenic cell line GES-1, especially MGC-803 and 

SGC-7901 cell lines (Fig. 2d).

 COL1A1‑014 promoted proliferation, migration 
and invasion of BGC‑823 cells

As COL1A1-014 showed high expression in GC tissues 

and cells, its impact on biological features of tumor cells 

was investigated. The BGC-823 cells were transduced with 

COL1A1-014 expression lentivirus. The lentivirus was 

effective to transduce BGC-823 cells with nearly 90% cells 

expressing GFP visual maker (Fig. 3a) and COL1A1-014 

RNA level showed significant up-regulation (Fig. 3b). MTT 

assay showed that COL1A1-014 overexpression increased 

the viability of BGC-823 cells significantly within 72 h after 

COL1A1-014 transduction (Fig. 3c). Also COL1A1-014 

decreased the apoptotic rate of BGC-823 (Fig. 3d), and even 

the apoptotic rate of each group was less than 5%.
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To further investigate the role of COL1A1-014 on cell 

growth and migration, soft gel assay was used to compare 

colony formation ability of BGC-823 cells. The results 

showed a significant increase in the cloning efficacy after 

the cells were transduced with COL1A1-014 lentivirus 

(Fig. 4a, b). Furthermore, the transwell assays showed that 

the migration (Fig. 4c, d) and invasion (Fig. 4e, f) abilities 

of BGC-823 cells were significantly increased after the cells 

were transduced with COL1A1-014 lentivirus.

Based on the above in  vitro results, COL1A1-014 

was speculated to be a sort of oncogene. To confirm this 

speculation, the mice were inoculated with COL1A1-014 

Fig. 1  Analysis of differentially expressed lncRNAs among GC and 

tumor-adjacent normal tissues. a Cluster analysis of differentially 

expressed lncRNAs between GC and tumor-adjacent normal tissues 

was done by microarray assay. b Cluster analysis of differentially 

expressed mRNAs between GC and tumor-adjacent normal tissues by 

microarray assay. Each column represents a sample and each row rep-

resents the expression level of a gene. Green represents low expres-

sion and red represents high expression. c–j  The relative expression 

of 8 lncRNAs in GES-1 and BGC-823, MGC-803 and SGC-7901 cell 

lines was determined by RT-PCR. Data are presented as means ± SD, 

* and ** denote P < 0.05 and 0.01, respectively, vs GES-1. GC gastric 

cancer tissue, NT normal tissue
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transducted-BGC-823 cells. Observations showed that the 

time and rate of tumor formation between the groups were 

similar (Fig. 4g, h). However, COL1A1-014 significantly 

increased the size (volume and weight) of the tumor when 

compared with negative control (Fig. 4i–k).

 COL1A1‑014 was a target of miR‑1273h‑5p

To explore the possible target genes and signaling 

pathways involved in the tumor-promoting activity of 

COL1A1-014, miRanda was used to predict the potential 

Fig. 2  The relative mRNA level of COL1A1-014 in GC tissues and 

cells. a Prediction of putative proteins encoded by COL1A1-014 

using ORF finder, and the codon substitution frequency scores (CSF) 

of COL1A1-014. b, c The relative COL1A1-014 level in 50 differ-

ent pairs of GC tissues and tumor-adjacent normal tissues. d The 

relative expression of COL1A1-014 in GES-1 and BGC-823, MGC-

803, SGC-7901, MKN-45, NCI-N87 cell lines was determined by 

RT-PCR. Data are presented as means ± SD, * and ** denote P < 0.05 

and 0.01, respectively, vs normal GC tissues or GES-1. ORF open 

reading frames
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COL1A1-014-miRNAs interactions. Three miR-1237h-5p 

binding sites scattering the COL1A1-014 transcripts were 

detected. Next, bioinformatic analysis using TargetScan 

and miRanda software was performed to identify the target 

genes for miR-1273h-5p. The results showed that CXCL12 

also has a binding site in miR-1237h-5p (Fig. S2a). These 

50 specimens of GC tissue were divided into COL1A1-014 

high expression group (above the mean level of COL1A1-

014 expression, n = 32) and low expression group (below the 

mean level of COL1A1-014 expression, n = 18). Interest-

ingly, the CXCL12 level of COL1A1-014 low expression 

group was also significantly lower than COL1A1-014 high 

expression group (Fig. S2b). This suggested that the expres-

sion of CXCL12 was positively correlated with COL1A1-

014 in GC tissue.

Therefore, we speculated that COL1A1-014 might act 

as ceRNA and competed with CXCL12 to bind to miR-

1273h-5p, ultimately inhibiting the degradation of CXCL12 

by miR-1273h-5p, up-regulating the intracellular level of 

CXCL12, and promoting the process of GC (Fig. S2c). The 

enriched KEGG pathways for CXCL12 were then analyzed 

and the results showed 16 pathways (Fig. S2d) related to 

cancer, which included adherens junction, leukocyte migra-

tion, signaling pathway in cancer and cell cycle. The GO 

Fig. 3  Effect of COL1A1-014 on BGC-823 cell viability and apopto-

sis. a Transfection efficiency of COL1A1-014 under bright light and 

fluorescent light. b The expression of COL1A1-014 in BGC-823 cells 

after COL1A1-014 transfection as determined by RT-PCR. c The 

effect of COL1A1-014 on proliferation of BGC-823 cells at 24 h, 48 

h, and 72 h as evaluated by MTT assay. d The effect of COL1A1-014 

on apoptosis of BGC-823 cells for 24 h was evaluated by FCM. Data 

are presented as means ± SD from three independent experiments. * 

and ** denote P < 0.05 and 0.01, respectively, vs negative control. 

CON blank control, NC negative control, GFP green fluorescence 

protein
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Fig. 4  Effect of COL1A1-014 on BGC-823 cells growth, invasion 

and migration in vitro and vivo. a, b The effect of COL1A1-014 on 

colony formation ability of BGC-823 cells for 24 h was evaluated by 

soft gel assay. c, d The effect of COL1A1-014 on migration of BGC-

823 cells for 24 h was evaluated by transwell assay. e, f The effect 

of miR-1273h-5p on the invasion of BGC-823 cells for 24 h was 

evaluated by transwell assay. The effect of COL1A1-014 on tumor 

formation time (g), tumor formation rate (h), tumor weight (i), tumor 

volume (j), of BGC-823 xenograft tumors in nude mice (NC: n = 11, 

COL1A1-014: n = 12). k The images of mice of 21 days after trans-

fection. Data are presented as means ± SD from 3 independent experi-

ments. * and ** denote P < 0.05 and 0.01, respectively, vs negative 

control. CON blank control, NC negative control, GFP green fluores-

cence protein
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enrichment of COL1A1-014 and CXCL12 included regu-

lation of endothelial cell apoptosis process, regulation of 

mitotic cell cycle embryonic, DNA damage response and 

cell migration (Fig. S2e).

 miR‑1273h‑5p regulated the expression 
of COL1A1‑014 and CXCL12

As bioinformatics analysis predicted the interaction of 

miR-1273h-5p with both COL1A1-014 and CXCL12, the 

regulatory role of miR-1273h-5p on COL1A1-014 and 

CXCL12 was examined by transfecting the GC cells with 

miR-1273h-5p inhibitor and miR-1273h-5p mimics. The 

results showed that the levels of COL1A1-014 and CXCL12 

were significantly decreased when the cells were transfected 

with miR-1273h-5p mimics (Fig. 5a, b). On the other hand, 

miR-1273h-5p inhibitor showed opposite results (Fig. 5c, 

d). These data suggested that COL1A1-014 and CXCL12 

might be the target genes of miR-1273h-5p. To verify the 

specificity of miR-1273h-5p on COL1A1-014 and CXCL12, 

COL1A1-014 and CXCL12 reporter plasmids with mutated 

microRNA reaction element (MREs), in which the comple-

mentary base was substituted with non-complementary 

base, were constructed (Fig.  5e). Assays with HEK293 

cells showed that the levels of COL1A1-014 and CXCL12 

were significantly higher when mutants COL1A1-014 and 

CXCL12 were used (Fig. 5f, g). This indicated that miR-

1273h-5p could bind to wild-type, but not mutants COL1A1-

014 and CXCL12 to degrade them.

 COL1A1‑014 regulated the expression of CXCL12

To further verify the relationship between COL1A1-014 

and CXCL12, the COL1A1-014 levels were down- and up-

regulated using siRNA and expression vector in the 3 GC 

cells and then the levels of CXCL12 were measured. The 

results showed that the siRNA down-regulated the levels of 

COL1A1-014 as well as CXCL12 mRNA (Fig. 6a, b), while 

the expression vector showed the opposite effects (Fig. 6c), 

which suggested that there might be a co-expression and co-

regulation relationship between COL1A1-014 and CXCL12. 

Furthermore, the impact of COL1A1-014 on the expression 

of CXCL12 and CXCR4 was examined in the xenografted 

tumors derived from COL1A1-014-transduced BGC-823 

cells. The levels of CXCL12 and CXCR4 proteins were 

significantly higher in the tumors derived from COL1A1-

014-transduced BGC-823 cells than those from negative 

controls (Fig. 6d, e).

We herein speculated that COL1A1-014 might participate 

in the process of GC through CXCL12/CXCR4 biological 

axis (Fig. 6f). To test this, the CXCL12/CXCR4 axis was 

blocked to investigate the effect of COL1A1-014 on cell 

proliferation. MTT test showed that the proliferation rate of 

BGC-823 cells was increased significantly after COL1A1-

014 was overexpressed and exogenous CXCL12 was sup-

plied (p < 0.01). However, when CXCL12/CXCR4 axis 

antagonist AMD-3100 was added, then the increase was 

balanced (Fig. 6g).

 Discussion

Several studies have reported the participation of lncRNAs 

in the progression of GC and other cancers via multiple 

mechanisms [7, 8]. For example, tetrandrine inhibits Wnt/β-

catenin signal transduction pathways by the upregulation of 

Let-7a miRNA expression, and downregulation of miR-21 

and miR-372 levels to arrest the GC cells at G0/G1 phase 

and then induce apoptosis [8]. These studies suggest that 

these lncRNAs might be used as markers for diagnosing GC 

and as targets for treating GC.

In this study, lncRNAs and mRNAs were screened based 

on their expression in human GC and adjacent normal tis-

sues and also a number of differentially expressed genes 

have been identified. Bioinformatics analysis revealed that 

these genes are mainly involved in intracellular signal trans-

duction, regulation of cell proliferation and apoptosis, and 

induction of chemotaxis. They are also involved in a number 

of signaling pathways that are associated with tumor devel-

opment, such as cell migration, adhesion, cell cycle and tran-

scriptional disorders. In particular, lncRNA COL1A1-014 

is highly expressed in GC tissues and cells. COL1A1-014 

(Ensemble database ID ENST00000504289.1) originates 

from type I collagen gene COL1A1 (Ensemble database ID 

ENST00000108821), and is 481 bp long. It does not encode 

any protein. The COL1A1 gene has 13 transcripts (splice 

variants), and COL1A1-014 is one of them. As it is highly 

expressed in GC tissues as well as cells, we speculated that 

it is likely related to the progression of GC.

To demonstrate this, lncRNA COL1A1-014 in BGC-823 

cells was overexpressed and several assays were conducted 

to reveal its biological features. The results showed that 

lncRNA COL1A1-014 promoted growth of BGC-823 cells, 

suggesting that it is proliferative in tumor cells. Tumor cells 

often have strong ability against apoptosis induced due to 

chemotherapy drugs and radiotherapy [29, 30]. When BGC-

823 cells were treated with 5-FU, which is a common chem-

otherapy drug, apoptosis was greatly increased. However, in 

lncRNA COL1A1-014-transfected BGC-823 cells, apopto-

sis was significantly lowered, which implied that COL1A1-

014 has anti-apoptotic activity in GC cells. The BGC-823 

cells that overexpress COL1A1-014 also showed increased 

ability of colony formation, which may in turn reflect the 

malignancy and is of great importance to prognosis [31]. 

It also increases the migration and invasion abilities, which 

are regarded as indicators of tumor metastasis [32, 33]. In 
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addition to in vitro studies, COL1A1-014 overexpressing 

BGC-823 cells generated earlier and bigger tumors in mice 

was also found, further confirming that COL1A1-014 pro-

motes cancer development.

LncRNA regulates mRNA to play a biological role 

mainly via miRNA regulation. It might competitively 

bind to 3′-UTR of the target gene to suppress the nega-

tive regulation by miRNA, or generate mature miRNA as 

Fig. 5  Regulation of COL1A1-014 and CXCL12 by miR-1273h-5p. 

a, b The CXCL12 and COL1A1-014 mRNA levels were detected 

by RT-PCR in GC cells after transfection with miR-1273h-5p mim-

ics. c, d CXCL12 and COL1A1-014 mRNA levels were detected by 

RT-PCR in GC cells after transfection with miR-1273h-5p inhibitor. 

e–g The levels of COL1A1-014 and CXCL12 were detected when 

the wild-type/mutant COL1A1-014 and CXCL12 were used. Data are 

presented as means ± SD from 3 independent experiments. * and ** 

denote P < 0.05 and 0.01, respectively, vs negative control. WT wild-

type, MUT mutant
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a miRNA precursor to regulate the expression of the tar-

get gene. Also it may act as an endogenous miRNA sponge 

to compete with mRNA for MREs to inhibit the negative 

regulation of miRNA of the target gene, which is termed 

as ceRNA mechanism [34, 35]. Several studies have con-

firmed the existence of ceRNA regulatory mechanism in 

GC. For example, abnormally expressed lncRNAs such as 

GAPLINC, HOTAIR, BC032469, FER1L4 and MEG3 in 

Fig. 6  Regulation of CXCL12/CXCR4 axis expression by COL1A1-

014. a, b The mRNA levels of COL1A1-014 and CXCL12 were 

detected by RT-PCR in GC cells after transfection with siRNA-

COL1A1-014. c The mRNA levels of CXCL12 were detected by 

RT-PCR in GC cells after transfection with pCDNA-COL1A1-014. 

d The protein expression of CXCL12 and CXCR4 in xenografted 

tumors derived from COL1A1-014-transduced BGC-823 cells. e The 

representative western blots of CXCL12 and CXCR4. f COL1A1-014 

might participate in the process of GC through CXCL12/CXCR4 bio-

logical axis. g The effect of COL1A1-014 on proliferation of BGC-

823 cells where CXCL12/CXCR4 was blocked by AMD-3100 was 

evaluated by MTT assay. Data are presented as means ± SD from 3 

independent experiments. * and ** denote P < 0.05 and 0.01, respec-

tively, vs negative control. CON blank control group, NC negative 

control group
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GC competitively bind to the target genes such as CD44, 

HER2, hTERT, PTEN and Bcl-2 for miRNAs, causing an 

impact to the development and prognosis of GC [36–41].

Our analysis showed that in GC tissues with high 

COL1A1-014 expression, the expression level of chemokine 

CXCL12 showed a significant increase. Bioinformatics 

analysis demonstrated that the two genes have complement 

sequences of miR-1273h-5p. The fact that the expression of 

the two genes was negatively correlated with miRNA sug-

gests that COL1A1-014 and CXCL12 might be the target 

genes of miR-1273h-5p. To further clearly demonstrate this, 

the levels of miR-1273h-5p in BGC-823 cells were up- and 

down-regulated with miR-1273h-5p mimics and inhibitor. 

The results showed that the levels of COL1A1-014 and 

CXCL12 are regulated by miR-1273h-5p. To further reveal 

the specificity of interaction, a reporter construct where the 

MRE was mutated with non-complemental bases was used, 

and found that the mutant miR-1273h-5p did not reduce the 

levels of COL1A1-014 and CXCL12. These data demon-

strated that COL1A1-014 and CXCL12 are the targets of 

miR-1273h-5p. In addition, as COL1A1-014 was knocked 

down, the level of CXCL12 was also reduced, further prov-

ing that they are competing RNAs.

Next, the impact of COL1A1-014 on viability of GC 

cells with suppressed CXCL12-CXCR4 axis was investi-

gated. The results showed that the increased cell viability by 

COL1A1-014 was balanced when the GC cells were treated 

with CXCL12-CXCR4 axis inhibitor AMD-3100. This sug-

gested that COL1A1-014 is an oncogene in GC BGC-823 

cells and might competitively bind with miR-1273h-5p to 

assist the inhibition of CXCL12 by miR-1273h-5p, promot-

ing the function of CXCL12/CXCR4 axis and the prolifera-

tion and development of GC cells.

CXCL12, also known as stromal cell-derived factor-1 

(SDF-1), is a member of CXC chemotactic factor subfamily. 

It is widely expressed in brain, lung, colon, heart and liver, 

and is mainly involved in the formation of blood vessels, 

bone marrow and lymphocytes [42–44]. In the last decade, 

chemokines and their respective receptors were well studied 

regarding their roles in tumor biology. The occurrence and 

metastasis are closely related to these factors in GC, colorec-

tal cancer, breast cancer and melanoma [45–47]. CXCL12, 

which is the main ligand of CXCR4, is shown to stimulate 

the secretion of epidermal growth factor receptor (EGFR) 

ligands, resulting in increased migratory ability of GC cells. 

CXCL12/CXCR4 signaling pathway has been originally 

reported to regulate B lymphocyte chemoattractant [48], 

and then shown to play an important role in the survival, 

proliferation, and migration of tumor cells [49]. The bind-

ing of CXCL12 and CXCR4 to tumor cells causes activation 

of downstream signaling pathways, including MAPK/ERK, 

PI3K/Akt/NF-κB and c-Jun N terminal kinase, for regulating 

tumor progression [50].

 Conclusions

Through microarray analysis, a number of differentially 

expressed lncRNAs, miRNAs and mRNAs have been iden-

tified in GC tissues. Among them, lncRNA COL1A1-014 

is shown to be highly expressed in GC tissues, and pro-

moted growth, colony formation and migratory ability of 

GC cells and development of grafted tumors in mice. Both 

COL1A1-014 and CXCL12 are considered as target genes of 

miR-1273h-5p and COL1A1-014 is a ceRNA of CXCL12. 

COL1A1-014 impacts the progression of GC by regulating 

CXCL12-CXCR4 axis.
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