
O R I G I N A L  R E S E A R C H

Upregulation of Linc-ROR Promotes the 
Proliferation, Migration, and Invasion of Gastric 
Cancer Cells Through miR-212-3p/FGF7 Axis

This article was published in the following Dove Press journal: 
Cancer Management and Research

Yanjun Mi1,* 
Yongwen Li2,* 
Zhuo He3,* 
Donghan Chen2 

Qingqi Hong2 

Jun You 2

1Department of Medical Oncology, The 
First Affiliated Hospital of Xiamen 
University, Teaching Hospital of Fujian 
Medical University, Xiamen, Fujian Province, 
361003, People’s Republic of China; 
2Department of Gastrointestinal Surgery, 
The First Affiliated Hospital of Xiamen 
University, Teaching Hospital of Fujian 
Medical University, Xiamen, Fujian Province, 
361003, People’s Republic of China; 
3Department of Gastropancreatoduodenal 
Surgery, Hunan Cancer Hospital, Changsha, 
Hunan Province, 410013, People’s Republic 
of China  

*These authors contributed equally to this 
work  

Background: Linc-ROR is a long non-coding RNA, that is found aberrantly expressed in 
various human cancers. We aim here to unveil the role of Linc-ROR in gastric cancer (GC) 
progression.
Methods: qPCR was used to determine gene expression. Cell viability was measured by 
CCK-8 assay. Transwell assays were performed to evaluate the GC cells’ migratory and 
invasive abilities. Xenograft mouse model was conducted to measure tumor growth.
Results: We found that Linc-ROR were overexpressed in GC tissues compared to the 
adjacent tissues. High Linc-ROR predicts poor prognosis of GC patients. The prediction of 
bioinformatics online revealed that Linc-ROR could bind to miR-212-3p. Further, dual- 
luciferase reporter assay confirmed a direct interaction between Linc-ROR and miR-212- 
3p. Overexpression of miR-212-3p facilitated GC cells’ migration and invasion, while the 
silencing of miR-212-3p attenuated GC cell migratory and invasive abilities. Moreover, 
Linc-ROR knockdown significantly suppressed the proliferation, migration, and invasion 
of GC cells, whereas miR-212-3p antagomir partially reversed Linc-ROR knockdown- 
induced phenotypes. Fibroblast growth factor 7 (FGF7), a downstream molecule of miR- 
212-3p, was overexpressed in GC cells. The recovery of FGF7 expression partially reversed 
the phenotypes caused by Linc-ROR silencing. Mechanistically, silencing of Linc-ROR 
contributed to the downregulation of CDK4, CDK6, Cyclin D1, N-Cadherin, Vimentin, 
MMP-9, MMP-2, but caused the upregulation of P21, P27, E-Cadherin, CK-19 in MGC- 
803 cells; however, FGF7 treatment could reverse the results induced by Linc-ROR silen-
cing. Results in vivo further suggested that Linc-ROR knockdown repressed GC tumor 
growth, where the expression of miR-212-3p was up-regulated and FGF7 expression was 
downregulated in tumor tissues of mice.
Conclusion: These findings indicated that Linc-ROR/miR-212-3p/FGF7 axis played an 
important role in gastric cancer progression. Linc-ROR expression level was associated 
with the prognosis of GC patients.
Keywords: Linc-ROR, miR-212-3p, FGF7, gastric cancer

Introduction
Gastric cancer (GC) causes hundreds of thousands of deaths every year and is ranked as 
the fifth most common cancer globally.1 With the development of the gastrointestinal 
endoscopy, the survival rate of GC patients has been significantly improved.2 However, 
because the symptoms are nonspecific, most patients are diagnosed at an advanced 
stage of gastric cancer, losing the best time window for surgery.3 Besides, the 
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therapeutic efficacy of chemotherapy and/or radiotherapy in 
metastatic gastric cancer is not satisfactory.4,5 Furthermore, 
the metastasis of gastric cancer is responsible for high mor-
tality in patients.6,7 Although many risk factors, such as poor 
diet patterns, contribute to gastric cancer development,3,8–10 

the underlying mechanisms of gastric cancer progression 
require further investigation.

In recent years, an explosion of interest in long non-coding 
RNA has revealed a multitude of regulatory functions for them 
in various cancers.11,12 Linc-ROR, a long non-coding RNA, 
modulates the behavior of human-induced pluripotent stem 
cells13 and has been implicated in tumorigenesis. Previous 
studies have suggested that Linc-ROR facilitates the occurrence 
and development of breast cancer by modulating the Hippo/ 
YAP signaling pathway.14 Additionally, Linc-ROR increases 
the stability of c-Myc mRNA, thereby up-regulating the expres-
sion of downstream gene c-Myc, and resulting in cell prolifera-
tion and tumorigenesis.15 Preliminarily, we predicted 
a relationship between Linc-ROR and miR-212-3p; however, 
the role of the Linc-ROR/miR-212-3p axis in the development 
of gastric cancer remains unclear.

microRNAs (miRNAs), a small non-coding RNA contain-
ing 20–25 nucleotides, is closely associated with a variety of 
pathological or physiological processes.16,17 Mature miRNAs 
recognize the 3ʹ-untranslated region (3ʹ UTR) of targeted 
mRNAs (messenger RNAs) via complementary base pairing, 
and degrade the mRNAs or inhibit the translation of mRNAs by 
loading onto the RNA-induced silencing complex (RISC).18,19 

miR-212-3p is significantly down-regulated in a variety of 
human cancers, including glioblastoma,20 gastric cancer,21 

lung cancer,22 and bladder cancer.23 Besides, miR-212-3p 
induces apoptosis in a variety of tumor cells,22,23 thereby inhi-
biting tumor development. Previous research has reported that 
the dysregulation of miR-212-3p in gastric cancer tissues is 
significantly related to the patient’s prognosis, and affects the 
proliferative and migratory abilities of gastric cancer cells.24

In the present study, the findings suggested that Linc-ROR 
and miR-212-3p were abnormally expressed in gastric cancer 
tissues compared with the adjacent normal tissues. Besides, the 
high expression of Linc-ROR and low expression of miR-212- 
3p predicted a favorable prognosis of GC patients. Moreover, 
Linc-ROR/miR-212-3p axis modulated GC cell proliferation, 
migration, and invasion in vitro. Further, fibroblast growth 
factor 7 (FGF7) belonging to the fibroblast growth factor 
(FGF) family was identified as a downstream signaling mole-
cule of the Linc-ROR/miR-212-3p axis. Overall, these findings 
reveal that the Linc-ROR/miR-212-3p/FGF7 axis is implicated 
in the progression of gastric cancer.

Materials and Methods
Human Gastric Cancer Tissues
Tumor tissues and paired normal samples were collected 
from 72 patients with gastric adenocarcinoma from 
May 2012 to April 2014 at the Department of Pathology, 
The First Affiliated Hospital of Xiamen University. Written 
informed consent was obtained from all the patients enrolled 
in this study. The clinicopathological factors of GC patients 
are listed in Table 1. All GC patients without other diseases 
were pathologically confirmed by two pathologists, and they 
had completed a 5-year follow-up after resection. The study 
was conducted in accordance with the Declaration of 
Helsinki, and was approved by the ethics committee of The 
First Affiliated Hospital of Xiamen University.

Cell Culture, Virus Infection, and 
miR-212-3p Mimics or Antagomir 
Transfection
Human gastric adenocarcinoma cell lines AGS and MGC-803 
were purchased from the Cell Bank of Shanghai Institutes for 
Biological Sciences, CAS (China). The cells were cultured in 
89% DMEM (Gibco) (supplemented with 10% FBS (Gibco) 

Table 1 The Clinicopathological Factors of Patients with Gastric 
Cancer

Characteristics Number of Cases (%)

Age (year)

≤60 29 (40.3)
>60 43 (59.7)

Gender
Male 31 (43.1)

Female 41 (56.9)

Depth of tumor invasion

T1-2 28 (38.9)

T3-4 44 (61.1)

TNM stage

I + II 19 (26.4)
III + IV 53 (73.6)

Differentiation
High 4 (5.6)

Moderate 31 (43.1)

Low 37 (51.3)

Lymph node metastasis

Yes 44 (61.1)
No 28 (38.9)

Abbreviation: TNM stage, tumor-node-metastasis stage.
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and 1% streptomycin-penicillin (Gibco)) and incubated at 37° 
C with 5% CO2. Linc-ROR silencing vector possessing pur-
omycin resistance was constructed by Genechem (Shanghai, 
China). Lentiviral particles were synthesized by co- 
transfection with lentiviral packaging plasmids and Linc- 
ROR silencing vector into 293T cells. 40 nM of miR-212-3p 
mimics or antagomir (Sangon Biotechnology Company, 
Shanghai, China) were transfected into the human gastric 
adenocarcinoma cells (5×105 cells/well in six-well plate) 
using Lipofectamine 2000 (Beijing Solarbio Science and 
Technology Co., Ltd., Beijing, China). The cells transfected 
with nonsense miRNA served as the control group.

RNA Isolation and Quantitative 
Real-Time PCR
TRIzol reagent (Life Technologies) was used to extract total 
RNA (including miRNA) according to the manufacturer’s 
instructions. Reverse transcription of mRNA was performed 
using EasyScript® First-Strand cDNA Synthesis SuperMix, 
while reverse transcription of miRNA was performed using 
TransScript® miRNA First-Strand cDNA Synthesis SuperMix 
(Transgen Biotechnology Inc., Beijing, China), respectively. 
The reaction procedures were as follows: 37°C for 5min; 42°C 
for 15min; 85°C for 5 seconds, and stored at 4°C. 
Subsequently, TransScript® One-Step RT-PCR SuperMix 
(Transgen Biotechnology) was used for qPCR. Sangon 
Biotechnology Company provided all the primer sequences. 
The PCR reaction procedures were as follows: 95°C for 50 s; 
95°C for 15 s; 58.5°C for 35 s; and 40 cycles were performed. 
β-actin and U6 were used as internal controls for Linc-ROR 
and miR-212-3p expression, respectively. The experiment was 
repeated three times.

Transwell Migration and Invasion Assays
Cells at the logarithmic growth phase were prepared for trans-
fection experiments. After transfection with miR-212-3p 
mimics or antagomir for 24 hours, cell migratory and invasive 
capacities were analyzed using transwell assay (BD Sciences) 
as described previously.25 Cell suspensions (5×104 cells/mL) 
were prepared using a serum-free medium. Into each well of 
the upper chamber, 100 μL of the cell suspension was added; 
the lower chamber contained 600 μL of the culture medium 
supplemented with 10% FBS. For transwell invasion assay, 
100μL Matrigel (1mg/mL; BD Sciences) was added into the 
upper chamber and incubated at 37°C for 30 min. The cells 
were washed, seeded, and incubated at 37°C with 5% CO2 for 
24 hours and the uninvaded cells swabbed. The cells in the 

lower chamber were fixed with 75% ethanol for 10 min and 
stained using 0.5% crystal violet (Solarbio) at room tempera-
ture for 20 minutes and observed under an optical microscope 
(Leica, Mannheim, Germany). Each experiment was repeated 
three times.

Wound Healing Assay
Cells at the logarithmic growth phase were digested and 
seeded into 6-well plates (1×106 cells/well). When the cells 
reached 90% confluence, they were subjected to 1 μg/mL of 
mitomycin for 1 hour to prevent the cells from proliferating. 
The culture medium was changed and a 200 μL pipette was 
used to evenly scratch the center of the 6-well plate to create 
a “wound”, and the images were captured at the beginning 
and after 24 h. The wound closure rate was quantified. The 
experiment was repeated three times.

Dual-Luciferase Reporter Assay
Dual-luciferase reporter assay was performed to determine 
the interaction between LincROR and miR-212-3p, miR- 
212-3p, and the 3ʹUTR of FGF7 mRNA. pmirGLO -Linc- 
ROR wild type (WT) plasmid (including the binding sites 
with miR-212-3p), pmirGLO -Linc-ROR mutant plasmid 
(including the mutated binding sites with miR-212-3p), 
pmirGLO -FGF7 3ʹUTR WT plasmid (including the binding 
sites with miR-212-3p) and pmirGLO-FGF7 3ʹUTR mutant 
plasmid (including the mutated binding sites with miR-212- 
3p) were constructed. The plasmids and microRNA mimics 
were co-transfected into 239T cells. The luciferase activity 
was monitored after 48 h. The pmirGLO plasmid encoding 
Renilla luciferase was used as the control. The experiment 
was repeated three times.

Cell Proliferation CCK-8 Assay
Cell proliferative ability was measured using the CCK-8 
kit (Beijing Zoman Biotechnology Co., Ltd., Beijing, 
China) following the manufacturer’s instruction, 24 
h after transfection. The cells were seeded into 96-well 
plates (1×104 cells/well) as described previously.26 After 
overnight acclimatization, 10% CCK-8 reagent was added 
into the cells and incubated for 2 h at 37°C. The absor-
bance at 450 nm was measured at various time points: 
0-day, 1-day, 2 days, 3 days, 4 days, and 5 days. The 
experiment was repeated three times.

Western Blotting Analysis
Linc-ROR-silenced GC cells or xenograft tumor tissues were 
collected and lysed using RIPA lysis buffer (KenGen 
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Biotech, China). Protein lysates were separated on 10% 
SDS-polyacrylamide gels, transferred onto PVDF mem-
branes (Millipore), and blocked in 5% non-fat milk 
(Sangon Biotech, China), followed by primary antibodies 
(anti-KGF/FGF7: 1:2000, ab131162, Abcam; anti-GAPDH: 
1:5000, ab9485, Abcam) incubation overnight at 4°C. 
Afterwards, the membranes were incubated with anti-rabbit 
HRP-conjugated secondary (1:5000, ab6721, Abcam) for 2 h 
at room temperature. Western blots were visualized using 
enhanced chemiluminescent reagent (Millipore, Billerica, 
MA) and quantified by Image J software (National 
Institutes of Health; http://imagej.nih.gov).

Animal Experiments
All animal experiments were performed under the Chinese 
animal welfare guidances and were approved by the Animal 
Research Ethics Committee of The First Affiliated Hospital 
of Xiamen University. Six-week-old female BALB/c nude 
mice weighing about 20 g were purchased from Shanghai 
Laboratory Animal Center of Chinese Academy Sciences 
(Shanghai, China), and maintained under specific pathogen- 
free condition. A total of 12 mice were used in this experi-
ment (N=6 mice per group). To establish the tumor xenograft 
model, MGC-803 cells with or without Linc-ROR knock-
down (2×106 tumor cells mixed with Matrigel) were injected 
subcutaneously into the flank of the nude mice. The growth 
of xenograft tumors in nude mice was monitored using 
caliper measurements every week for six weeks. The nude 
mice were sacrificed at 42 days and the tumor tissues excised 
immediately, measured, photographed, and stored at −80°C 
for subsequent use. Tumor graft volumes were calculated 
using the formula: Volume = (width2 × length)/2.

Statistical Analysis
Statistical analysis was performed using SPSS version 
21.0. Kaplan-Meier method was used to draw survival 
curves for survival estimation. The correlation between 
the expression levels of Linc-ROR and miR-212-3p was 
analyzed by Pearson correlation. A comparison among the 
groups was analyzed using One-way ANOVA with LSD 
post hoc test. A comparison between groups was per-
formed using the Student’s t-test. All experiments were 
performed in triplicate. Data were represented as mean ± 
standard deviation (S.D). P < 0.05, was considered statis-
tically significant.

Results
Linc-ROR is Significantly Upregulated in 
Human Gastric Cancer Tissues and 
Linc-ROR Silencing Attenuated the 
Malignant Phenotypes of Gastric Cancer 
Cells in vitro and in vivo
The expression level of Linc-ROR in GC and paired 
normal tissues was evaluated by qPCR. Linc-ROR was 
highly expressed in GC tissues compared with normal 
tissues (Figure 1A). And patients were sorted into a high 
Linc-ROR expression group and a low Linc-ROR expres-
sion group, according to the median Linc-ROR expression 
level (Median relative expression). The overall survival 
(OS) was significantly increased in patients with low 
expression of Linc-ROR (Figure 1B). Then, AGS and 
MGC-803 cell lines were infected with sh-Linc-ROR len-
tiviral vectors for 24 h and selected using puromycin (2 
μg/mL). As shown in Figure 1C and D, the expression of 
Linc-ROR was significantly reduced in GC cell lines 
(AGS, MGS-803) infected with sh-Linc-ROR lentiviral 
vectors compared with the matched control cells. To 
further uncover the biological functions of Linc-ROR, 
cell proliferation in gastric cancer AGS and MGC-803 
cells were analyzed using CCK-8 and colony formation 
assay. The migratory and invasive abilities of gastric can-
cer AGS and MGC-803 cells were detected by transwell 
assays. We found that Linc-ROR silencing suppressed the 
proliferative, migratory and invasive capabilities of gastric 
cancer AGS (Figure 1E–H) and MGC-803 (Figure 1I–L) 
cells compared with the matched control cells. The in vivo 
results (N=6 mice per group) further suggested that Linc- 
ROR knockdown significantly repressed GC tumor growth 
(Figure 1M–Q).

The Direct Interaction Between 
Linc-ROR and miR-212-3p is Determined 
and Linc-ROR Down-Regulates miR-212- 
3p Expression
A search on LncBase (https://omictools.com/diana-lncbase- 
tool), the binding sites between Linc-ROR and miR-212-3p 
was predicted (Figure 2A). Further, dual-luciferase reporter 
assay revealed that the luciferase activity did not change sig-
nificantly in 293T cells transfected with WT-Linc-ROR plas-
mids containing the miRNA binding sites compared to the 
cells transfected with control plasmids alone. However, the 
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Figure 1 The expression levels of Linc-ROR in GC tissues and normal samples of patients with gastric cancer and Linc-ROR knockdown inhibited GC tumor growth. (A) 
Linc-ROR in tumor tissues and adjacent normal tissues of GC patients. (B) High expression of Linc-ROR is associated with poor prognosis in GC patients. (C and D) In 
human gastric cancer cell lines (C) AGS and (D) MGC-803, the infective efficiency of sh-Linc-ROR lentiviral vectors was detected using qPCR. (E) Cell viability of Linc-ROR- 
silenced AGS cells was measured by CCK-8 assay. (F) The colony-forming ability of Linc-ROR-silenced AGS cells was detected by colony formation assay. (G and H) The (G) 
migratory and (H) invasive abilities of Linc-ROR-silenced AGS cells were evaluated by transwell assays. (I) Cell viability of Linc-ROR-silenced MGC-803 cells was assessed by 
CCK-8 assay. (J) The colony-forming ability of Linc-ROR-silenced MGC-803 cells was monitored by colony formation assay. (K and L) The (K) migratory and (L) invasive 
abilities of Linc-ROR-silenced MGC-803 cells were tested by transwell assays. For animal experiments, a total of 12 mice were used (N=6 mice per group). (M) The diameter 
of the xenograft tumor (N=6 mice per group). (N) Representative images of xenograft tumors in each group (N=6 mice per group). (O) The tumor volume calculated at day 
42 post-inoculation (N=6 mice per group). (P) The expression levels of Linc-ROR in xenograft tumors (N=6 mice per group). (Q) Representative HE staining images of 
tumors from each group and the protein expression of Ki-67. Statistical analyses were performed using Student’s t-test. Survival analysis was evaluated using Kaplan-Meier 
survival curves. Data were representative of three independent experiments and expressed as the means ± S.D. **P<0.01; ***P<0.001 vs control group. 
Abbreviations: GC, gastric cancer; HE, haematoxylin–eosin staining.
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fluorescence activity of cells co-transfected with the WT-Linc- 
ROR plasmid containing the miRNA binding sites and miR- 
212-3p mimics was significantly attenuated compared to 293T 
cells infected with the WT-Linc-ROR plasmid. Meanwhile, 
after transfection with Mut-Linc-ROR plasmids containing 
mutant ROR (Mut-Linc ROR) sequences of the predicted 
miR-212-3p binding sites, firefly luciferase gene expression 
was not affected, which was consistent with the results in 293T 
cells transfected with WT-Linc-ROR plasmids. Moreover, co- 

transfection with miR-212-3p mimics and Mut-Linc ROR 
plasmids has no effect on firefly luciferase activity in 293T 
cells in comparison to the group transfected with WT-Linc- 
ROR plasmids. These findings suggested that miR-212-3p 
could directly bind to the WT Linc-ROR not the Mut Linc- 
ROR (Figure 2A). Additionally, miR-212-3p level was sig-
nificantly lower in human GC tumor tissues than in adjacent 
normal tissues (Figure 2B). And the overall survival was 
greatly increased in GC patients with high expression of 

Figure 2 Linc-ROR directly binds to miR-212-3p. (A) The direct interaction between Linc-ROR and miR-212-3p confirmed by dual luciferase reporter assay. (B) miR-212-3p 
expression in tumor tissues and adjacent normal tissues of GC patients. (C) Low expression of miR-212-3p is associated with poor prognosis in GC patients. (D) miR-212- 
3p expression is negatively correlated with Linc-ROR expression level in gastric cancer tissues or in adjacent normal tissues. (E) In human gastric cancer cell line AGS, the 
effect of silencing lincRNA-ROR on miR-212-3p expression was detected using qPCR. (F) In human gastric cancer cell line MGC-803, the effect of silencing lincRNA-ROR on 
miR-212-3p expression was tested using qPCR. (G) The expression level of miR-212-3p in xenograft tumors (N=6 mice per group). Statistical analyses were performed using 
Student’s t-test or one-way ANOVA test followed by LSD post hoc test. Survival analysis was evaluated using Kaplan-Meier survival analysis. Data were representative of 
three independent experiments and expressed as the means ± S.D. **P<0.01; ***P<0.001, as compared with the matched control group. 
Abbreviations: NS, not significant; WT, wild type.
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miR-212-3p (Figure 2C). Correlation analysis between Linc- 
ROR and miR-212-3p showed that miR-212-3p expression 
was negatively correlated with Linc-ROR expression levels in 
tumor tissues and adjacent normal tissues (Figure 2D). To 
further validate whether the Linc-ROR/miR-212-3p expres-
sion is the independent risk factor leading to poor overall 
survival in patients of GC, univariate and multivariate Cox 
proportional hazards analysis were performed (Table 2). Data 
showed that Linc-ROR and miR-212-3p expression levels 
significantly affected the overall survival in patients of GC. 
Besides, functional in vitro experiments demonstrated that 
Linc-ROR silencing led to a significant increase in miR-212- 
3p expression in AGS (Figure 2E) and MGC-803 (Figure 2F) 
cells compared to the matched control cells. In the tumor- 
bearing mouse model (N=6 mice per group), the expression 
of miR-212-3p was significantly up-regulated in Linc-ROR 
knockdown tumor tissues compared with the control group 
(Figure 2G).

Linc-ROR Promotes Malignant 
Phenotypes of Gastric Cancer Cells by 
Sponging miR-212-3p
To further unveil how Linc-ROR exerts its tumor-promoting 
functions by acting as miR-212-3p sponge in GC cells, we 
performed a series of functional experiments and analysis. The 
in vitro results indicated that miR-212-3p mimics or inhibitors 
could significantly increase or decrease the level of miR-212- 
3p in GC cells. And miR-212-3p overexpression/silencing 
showed no effect on the expression of Linc-ROR in AGS 
(Figure 3A; right) and MGC-803 cells (Figure 3C; right). In 
addition, the overexpression of miR-212-3p weakened cell 
viability, whereas the silencing of miR-212-3p had the opposite 

effects on AGS (Figure 3B) and MGC-803 (Figure 3D) cells. 
The results further confirmed that miR-212-3p overexpression 
inhibited GC cell migration and invasion, while miR-212-3p 
silencing promoted GC cell migratory (Figure 3E–H) and 
invasive abilities (Figure 3I–J). Moreover, Linc-ROR silencing 
contributed to lower GC cell activity (Figure 4A and C), 
evidently attenuated ability of cell proliferation (Figure 4B 
and D), migration (Figure 4E–H) and invasion (Figure 4I–J) 
compared with the control cells. Notably, miR-212-3p mimics 
combined with Linc-ROR silencing synergistically inhibited 
the proliferation, migration, and invasion of GC cells; however, 
the miR-212-3p inhibitor could rescue the phenotypes caused 
by Linc-ROR silencing. These findings indicated that Linc- 
ROR promotes the proliferation, migration, and invasion of 
gastric cancer cells by acting as miR-212-3p sponge.

Fibroblast Growth Factor 7 (FGF7), 
a Downstream Molecule of miR-212-3p, 
is Overexpressed in Human GC Tissues
Fibroblast growth factor 7 (FGF7) was predicted to be 
a downstream target gene of miR-212-3p via microRNA 
database (http://mirdb.org/). Dual-luciferase reporter assay 
system showed that the fluorescence activity of cells co- 
transfected with the WT-3ʹUTR of FGF7 mRNA plasmid 
and miR-212-3p mimics was significantly attenuated com-
pared to 293T cells infected with the control plasmid. 
Moreover, due to mutation of the binding sites, the fluores-
cence activity of cells co-transfected with Mutant-3ʹUTR of 
FGF7 mRNA and miR-212-3p mimics showed no significant 
differences, indicating a direct interaction between miR-212- 
3p and FGF7 (Figure 5A). Furthermore, we found that FGF7 
was highly expressed in GC tissues compared with normal 

Table 2 Univariate and Multivariate Analysis of Clinic Pathologic Factors for Overall Survival in 72 GC Patients

Risk Factors Univariate Analysis (OS) Multivariate Analysis (OS)

Hazard Ratio (95% CI) P valuea Hazard Ratio (95% CI) P valuea

Age (year) (>60 vs ≤60) 1.19 (0.54–2.69) 0.583
Gender (Male vs Female) 1.38 (0.67–3.14) 0.514

Depth of tumor invasion (T3-4 vs T1-2) 4.6 (2.38–9.97) 0.008 3.8 (2.44–5.73) 0.010
TNM stage (III+IV vs I+II) 4.3 (2.88–9.47) 0.009 3.1 (2.84–10.66) 0.015
Differentiation (Moderate vs High) 2.4 (1.71–6.21) 0.025 2.9 (1.22–9.72) 0.018
Differentiation (Low vs High) 3.6 (2.23–7.6) 0.018 2.5 (1.22–5.96) 0.019
Lymph node metastasis (Yes vs No) 3.8 (1.98–6.6) 0.011 3.6 (2.55–5.71) 0.009
Linc ROR expression (High vs Low) 2.8 (1.78–8.65) 0.019 2.3 (1.99–9.49) 0.023
miR-212-3p expression (Low vs High) 2.5 (1.14–6.73) 0.021 2.4 (1.69–6.68) 0.025
FGF7 expression (High vs Low) 2.7 (1.33–6.6) 0.019 2.6 (1.88–7.27) 0.026

Note: aStatistical significant results (in bold). 
Abbreviations: CI, confidence intervals; OS, overall survival; TNM stage, tumor-node-metastasis stage; vs, versus.
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tissues (Figure 5B). High expression of FGF7 was associated 
with poor prognosis in patients with gastric cancer 
(Figure 5C). Correlation analysis showed that FGF7 expres-
sion was positively correlated with the expression level of 
Linc-ROR (Figure 5D); however, FGF7 expression was 
negatively correlated with miR-212-3p expression level in 
tumor tissues and adjacent normal tissues (Figure 5E). Linc- 
ROR silencing led to a significant decrease in FGF expres-
sion in AGS (Figure 5F) and MGC-803 (Figure 5G) cells 
compared to the matched control cells. In MGC-803 cell- 
bearing nude mouse tissues, FGF7 was significantly down- 
regulated in Linc-ROR knockdown tumor tissues compared 
with the control group (Figure 5H).

Additionally, Linc-ROR knockdown caused signifi-
cant inhibition of GC cell activity (Figure 6A), prolifera-
tion (Figure 6B), migration (Figure 6C) and invasion 
(Figure 6D) compared with the control cells. In rescue 
experiments, the restored expression of FGF7 in Linc- 
ROR-silenced GC cells partially reversed Linc-ROR 
knockdown-induced phenotypes (Figure 6A–D). 
Consistent with the results observed in phenotypes, the 
expression levels of cell cycle-related genes (CDK4, 
CDK6, CyclinD1, P21, P27) and epithelial- 
mesenchymal transition (EMT) process-associated genes 
(E-Cadherin, N-Cadherin, Vimentin, CK-19, MMP-9, 
MMP-2) were changed significantly as well 

Figure 3 The effect of miR-212-3p on the proliferation, migration, and invasion of GC cells. (A and C) miR-212-3p mimics or inhibitor treatment does not affect Linc-ROR 
expression in (A) AGS and (C) MGC-803 cells, but significantly increases or decreases the expression level of miR-212-3p. (B and D) Cell viability of (B) AGS and (D) MGC- 
803 cells was measured by CCK-8 assay after treatment with miR-212-3p mimics or inhibitors. (E–H) The migratory ability of (E and G) AGS and (F and H) MGC-803 cells 
treated with miR-212-3p mimics or inhibitors was assessed by wound healing analysis and transwell migration assay. (I and J) The invasive capability of (I) AGS and (J) MGC- 
803 cells treated with miR-212-3p mimics or inhibitors was evaluated by transwell invasion assay. Data were analyzed using one-way ANOVA with LSD post hoc test and 
expressed as the means ± S.D. (n=3). *P<0.05; **P<0.01; ***P<0.001, as compared with the matched control group. 
Abbreviations: WT, wild type. NC, negative control.
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(Figure 6G). Collectively, our data uncovered that Linc- 
ROR promoted the malignant phenotypes of gastric can-
cer cells by sponging miR-212-3p, thereby promoting 
FGF7 expression.

Discussion
Mounting evidence has highlighted Linc-ROR as 
a potential oncogene in various types of cancer.14,15,27 In 
this study, the up-regulation of Linc-ROR was associated 

Figure 4 Linc-ROR promotes the proliferation, migration, and invasion of GC cells by acting as miR-212-3p sponge. (A and C) The effects of Linc-ROR knockdown in 
combination with either miR-212-3p mimics or inhibitors on the cell viability of (A) AGS and (C) MGC-803 cells. (B and D) The colony-forming ability of (B) Linc-ROR- 
silenced AGS and (D) Linc-ROR-silenced MGC-803 cells treated with miR-212-3p mimics or inhibitors was monitored by colony formation assay. (E–H) The migratory 
ability of (E and G) Linc-ROR-silenced AGS and (F and H) Linc-ROR-silenced MGC-803 cells treated with miR-212-3p mimics or inhibitors was evaluated by wound healing 
analysis and transwell migration assay. (I and J) The invasive abilities of (I) Linc-ROR-silenced AGS and (J) Linc-ROR-silenced MGC-803 cells treated with miR-212-3p mimics 
or inhibitors was measured by transwell invasion assay. Comparison among the three groups was analyzed using one-way ANOVA with LSD post hoc test. Data were 
expressed as means ± S.D. (n=3). *P<0.05; **P<0.01; ***P<0.001, as compared with the matched control group. 
Abbreviation: NS, not significant.
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with the poor prognosis of GC patients. Silencing of Linc- 
ROR significantly suppressed the malignant phenotypes of 
gastric cancer cells by directly binding to miR-212-3p, 
which is a well-researched tumor suppressor miRNA in 

different types of human malignant tumors.20,23 

Furthermore, fibroblast growth factor 7 (FGF7), 
a fibroblast growth factor (FGF) family member, was 
found to be a downstream signaling molecule of the Linc- 

Figure 5 Fibroblast growth factor 7 (FGF7) is the downstream molecule of miR-212-3p. (A) Dual-luciferase reporter assay system showed a direct interaction between 
miR-212-3p and FGF7. (B) FGF7 was highly expressed in GC tissues compared with normal tissues. (C) High expression of FGF7 was associated with poor prognosis in 
patients with gastric cancer. (D) Correlation analysis indicated that FGF7 expression was positively correlated with the expression level of Linc-ROR. (E) FGF7 expression 
was negatively correlated with miR-212-3p expression level in tumor tissues and adjacent normal tissues. (F and G) Linc-ROR silencing caused a significant decrease in FGF 
expression in (F) AGS and (G) MGC-803 cells compared to the matched control cells. (H) FGF7 was significantly down-regulated in Linc-ROR knockdown tumor tissues 
compared with the control group. Comparison among the groups was analyzed using One-way ANOVA with LSD post hoc test. Comparison between groups was 
performed using the Student’s t-test. Data were expressed as the means ± S.D. (n=3). **P<0.01; ***P<0.001, as compared with the matched control group. 
Abbreviations: NS, not significant; WT, wild type.
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ROR/miR-212-3p axis. Besides, Linc-ROR/miR-212-3p/ 
FGF7 regulatory signaling was associated with the prolif-
eration, migration, and invasion of GC cells.

Aberrant expression of Linc-ROR promotes tumor cell 
invasion.14,15,27 Besides, the aberrant expression of Linc-ROR 
in esophageal cancer contributes to cancer progression.27,28 In 
this study, high expression of Linc-ROR in tumor tissues from 

gastric cancer patients was reported compared with the normal 
tissues. The high expression of Linc-ROR was significantly 
associated with poor prognosis of GC patients, suggesting that 
Linc-ROR may be a potential predictive biomarker for gastric 
cancer. In vitro, Linc-ROR promoted the proliferation, migra-
tion, and invasion of gastric cancer cells, indicating that Linc- 
ROR is a multifunctional lncRNA in gastric cancer.

Figure 6 FGF7 overexpression partially reverses the changes induced by Linc-ROR silencing in MGC-803 cells. (A) The effect of FGF7 overexpression on cell viability of 
Linc-ROR silenced MGC-803 cells. (B) The effect of FGF7 overexpression on colony formation ability of Linc-ROR silenced MGC-803 cells. (C and D) The effect of FGF7 
overexpression on (C) migratory and (D) invasive abilities of Linc-ROR silenced MGC-803 cells. (E) The mRNA expression of cell cycle-related genes (CDK4, CDK6, 
CyclinD1, P21, P27) and epithelial-mesenchymal transition (EMT) process-associated genes (E-Cadherin, N-Cadherin, Vimentin, CK-19, MMP-9, MMP-2) in Linc-ROR 
silenced MGC-803 cells with or without FGF7 treatment. Data were analyzed using one-way ANOVA with LSD post hoc test and expressed as the means ± SD. (n=3). 
*P<0.05; **P<0.01; ***P<0.001, compared with the matched control group.
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The miR-212-3p expression is significantly reduced in 
human cancers,29 and its down-regulation is associated 
with not only short-term treatment outcomes but also long- 
term survival.30,31 Studies have reported that miR-212-3p 
expression is a potential diagnostic and prognostic biomar-
ker for gastric cancer.32 Consistently, the results in this 
study demonstrated that the down-regulation of miR-212- 
3p predicted poor survival of GC patients. Moreover, 
consistent with previous studies,23,29 the results in this 
study showed a decrease in the migratory and invasive 
abilities of gastric cancer cells overexpressing miR-212- 
3p. These findings confirm the antitumor effect of miR- 
212-3p in gastric cancer.

Previous studies have reported FGF7 as an oncogenic 
factor which enhances the malignant phenotype of tumors 
by binding FGF receptor 2 (FGFR2).33,34 It has been 
reported that FGF signaling could regulate epithelial-to- 
mesenchymal transition (EMT) process and cell invasion 
through PI3K-AKT pathway.35,36 In addition, work in GC 
cells has indicated that lncRNA AFAP1-AS1 promotes 
proliferation and metastasis via miR-155-5p/FGF7 regula-
tory axis.37 In this study, Linc-ROR was negatively corre-
lated with miR-212-3p, while Linc-ROR was positively 
correlated with FGF7 expression in gastric tissues. 
Further, the dual-luciferase reporter assay confirmed that 
the direct interaction between Linc-ROR and miR-212-3p, 
miR-212-3p and FGF7 3ʹUTR mRNA. And Linc-ROR 
/miR-212-3p/FGF7 axis was implicated in regulating the 
proliferation, migration, and invasion of GC cells. 
However, the detailed mechanism needs further clarifica-
tion, including the reason for the significant up-regulation 
of Linc-ROR in GC tissues.

Conclusions
In summary, Linc-ROR and FGF7 are significantly up- 
regulated, while miR-212-3p is down-regulated in gastric 
cancer tissues. High expression of Linc-ROR or FGF7 and 
low expression of miR-212-3p predicts poor prognosis of GC 
patients. Linc-ROR has a direct interaction with miR-212-3p, 
while miR-212-3p has direct interaction with FGF7. 
Moreover, Linc-ROR/miR-212-3p/FGF7 axis promotes the 
proliferative, migratory, and invasive capabilities of GC cells.

Abbreviations
GC, gastric cancer; FGF7, fibroblast growth factor 7; 
miRNAs, microRNAs; 3ʹ UTR, 3ʹ-untranslated region; 
RISC, RNA-induced silencing complex; qPCR, quantita-
tive real-time polymerase chain reaction.
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