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Abstract
Gastric cancer(GC) remains the fourth-leading malignancy worldwide and has
a high mortality rate.Accumulating evidence reveals that long noncoding RNAs (lncRNAs) play essential
roles in tumorigenesis and metastasis and can be used as potential biomarkers
for diagnosis and prognosis. The current study sought to de�ne the lncRNA LUCAT1 and verify its
malignant biological behaviors in GC. We conducted bioinformatic analysis to screen differentially
expressed lncRNAs between GC tissue and paracancerous tissue. Gene expression pro�les were
downloaded from the National Center of Biotechnology Information Gene Expression Omnibus(GEO).
Real-time quantitative polymerase chain reaction (RT-qPCR) was carried out to verify LUCAT1 expression
in both GC tissue and paracancerous tissue. Furthermore, the associations between LUCAT1 and clinical
features were analyzed. In addition, the malignant behaviors of LUCAT1 in GC were investigated by
knocking down LUCAT1 expression in the SGC7901 and AGS cell lines. The results indicated that LUCAT1
expression was obviously upregulated in GC samples compared with paracancerous tissue samples.
Moreover, the expression pattern of LUCAT1 showed close correlations with tumor diameter (P<0.001),
differentiation grade (P=0.026), and lymphnode metastasis(LNM)status (P=0. 020). In vitro, shRNA-
mediated knockdown of LUCAT1 expression inhibited proliferation, migration, and invasion and led to S-
phase cell cycle arrest and apoptosisin GC cells. Thus, the
lncRNA LUCAT1 may be used as a potential biomarker for early signs of LNM in GC and may play a
crucial role in the development of GC.

Introduction
Gastric cancer (GC) is still the 4th most commonmalignancy and the 3rdleading cause of cancer-related
death, following lung cancer and hepatic cancer[1]. Due to the development of early detection techniques
and improvements in surgical treatment, the overall survival of patients with GC has gradually
improved[2-4]. However, many patients are diagnosed with GC in the late stage of obvious metastasis, at
which point theyare no longer eligible for curative surgery. One important reason is the lack of speci�city
of the early clinical symptoms of GC. Thus, the search for new effective biomarkers is still essential for
the early diagnosis of GC.

LncRNAs have been thought to be lacking in cellular biology because of their extremely limited protein-
coding ability. In recent years, as people have focused their attention on lncRNAs, an increasing number
of studies have shown that lncRNAs haveclose relationships with lung cancer, colorectal cancer and other
malignant tumors[5, 6].The differential expression of lncRNAs may be a new regulatory factor in cell
proliferation, metastasis, apoptosis and tumor development.Competing endogenous RNA (ceRNA)
networksare large-scale regulatory networks across the transcriptome that can reveal the molecular
mechanisms underlying pathological conditions, such as cancer[7, 8]. Accumulating evidence indicates
that lncRNAs harbor miRNA response elements (MREs) and play important roles in oncogenesis through
interactions with DNA, RNA and proteins[9, 10]. However, few lncRNAs have been well characterized to
date, and the biological function and clinical signi�cance of most lncRNAs in GC remain unknown.
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In this study, we identi�ed lncRNAs, miRNAs and mRNAs related to GC through the construction of a
ceRNA network and found that the expression of LUCAT1 in GC tissuewas signi�cantly higher than that in
paracanceroustissue, suggesting that LUCAT1 may be an oncogene in GC.The associations between
LUCAT1 and clinical features were analyzed. Furthermore,targeted depletion of LUCAT1 in AGS and SGC-
7901 cells was carried out by lentivirus-mediated RNA interference, which was used to silence genes at
the posttranscriptional level. The effects of LUCAT1 gene knockout on cell proliferation and clone
formation were studied. In addition, the effects of LUCAT1 gene knockout on cell cycle regulation,
invasion and migration were also evaluated to reveal the potential relationship between LUCAT1 and GC.

Materials And Methods
1. Differential gene expression in GC

All of the microarray datasetsin the National Center of Biotechnology Information Gene Expression
Omnibus (http://www.ncbi.nlm.nih.gov/geo/) were searched to identify differentially expressed genes.
The original lncRNA, mRNA and miRNA expression pro�lesof theGSE84787, GSE79973 and GSE93415
datasets, respectively, were obtained. The GSE84787 and GSE79973 datasets had 10 pairs of GC tissue
and paracancerous mucosal tissue samples and GSE93415,which included 20 pairs of GC tissue and
matched paraneoplastic samples. The robust multi-array average algorithm was used to perform
background correction and quartile data normalization of these data[11]. Only the average values of gene
symbols with multiple probes were calculated, the others without corresponding symbols were �ltered.
Student's t-test and fold change (FC) �ltering were conducted to screen differentially expressed genes
(DEGs) between two groups with the R software limma package[12]. With the threshold of a P-value <0.05
and an absolute FC value > 2, volcano plot �ltering was performed using the R software ggplot2 package
to identifysigni�cant DEGs between two groups.

2. Construction of anlncRNA-miRNA-mRNA network

lncRNA gene annotation was performed according to the LNCipedia database[13]. DIANA-LncBase v.2
[14] was used to predict the interactions between miRNAs and lncRNAs with a threshold prediction score
>0.8. Differentially expressed lncRNAs and predicted target lncRNAs were intersected to select
differentially expressed miRNA-targetedlncRNAs. Then, the interactions between miRNAs and mRNAs
were predicted by using mirtarbase[15]. Differentially expressed mRNAs and predicted target mRNAs were
intersected to select differentially expressed miRNA-targeted mRNAs. Signi�cantly expressed miRNAs
and their signi�cantly expressed targets (mRNAs and lncRNAs) were superimposed onto anlncRNA-
miRNA-mRNA network. The network was constructed by Cytoscape (version 3.4.0), and its topology was
analyzed with CentiScaPe app[16].A �owchart detailing the construction of the lncRNA-miRNA-mRNA
network is shown in Figure. S1.

3.Study population and specimens

http://www.ncbi.nlm.nih.gov/geo/
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This study consisted of 70 GC fresh-frozen tissue specimens and paired adjacent normal tissue
specimens (at least 5 cm from the negative resection margin)obtained during surgical resections
performed at the Second A�liated Hospital of Wenzhou Medical University (Wenzhou, China)
betweenFebruary 2017 andFebruary 2018. All participants were self-reported Han Chinese. Both the GC
and paracancerous specimens were con�rmed by histopathological diagnosis. The tumor
clinicopathological data are summarized in accordance with the TNM staging system of the American
Joint Committee on Cancer staging manual (8th edition). Histological grades were assessed following the
National Comprehensive Cancer Network (NCCN) clinical practice guideline of oncology (V.1.2011).
Patients did not receive radiotherapy, chemotherapy or targeted therapy prior to undergoing surgery. The
study was authorized by the institutional review boards of the Second A�liated Hospital of Wenzhou
Medical University. Each patient provided written informed consent.

4. Cell culture

Two GC cell lines (AGS and SGC-7901)and the normal gastric mucosal cell line GES1 were purchased
from the Shanghai Genechem Co., Ltd (Shanghai, China).AGS and SGC-7901 cells were cultured in
DMEM containing 10% FBS in a constant-temperature humidi�ed incubator. Generally, the medium was
replaced every 2 days, and the number of cells in the medium became saturated within approximately 5
days; at this time, the cells weresubcultured.

5. Total RNA extraction and reverse transcription

All fresh tissue samples were stored in a freezer at -80°C from the time they were collected to the time of
use and �xed with RNA �xing reagent (Baiteke, Beijing, China).TRIzol reagent (Invitrogen, Karlsruhe,
Germany) was used to quickly extract total tissue RNA from the GC tissue and adjacent nontumor tissue
samples; however, as thisreagent is harmful to the human body, disposable gloves were worn for
protection against any spillage. The whole process was performed strictly in accordance with the
manufacturer's instructions.Then, total RNA was quanti�ed using a Scandrop100 (Analytikjena,
Germany). The A260/A280 ratiowas used to indicate the purity of the isolated total RNA. Most of the
sample values werebetween1.8 and 2.0. Then, cDNA was synthesized by reverse transcription (RT) using
random primers and the TUREscript 1st Stand cDNA SYNTHESIS Kit (Aidlab, Beijing,China).

6. Real-time qRT-PCR detection ofan lncRNA

Real-time quantitative reverse transcription-polymerase chain reaction (qRT-PCR) was achieved using
2×SYBR Green Supermix (DBI, Germany) on the qTOWER2.2 real-time PCR System (Analytikjena,
Germany) following the manufacturer’s instructions. Primers for LUCAT1 andglyceraldehyde 3-phosphate
dehydrogenase (GAPDH) were synthesized by ChenduDangfeng Biotech (Sichuan, China). The primers
forLUCAT1were as follows: forward primer, 5'- CCTCCAGAAACCATGTGTCAA-3' and reverse primer, 5'-
GTGAGGAAAGGAGCCAGAAGTC-3'. The primers for GAPDH were as follows: forward primer, 5'-
CGGAGTCAACGGATTTGGTC-3' and reverse primer, 5'- CGGTGCCATGGAATTTGCCA-3'.Themelting
temperature of the LUCAT1 and GAPDH primers was 58°C. The relative expression level for each sample
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was calculated as the log2ratio with the Pfa� method, where Ratio=(1+Etarget) ∆ Ct
target (control-sample) /

(1+EGAPDH) ∆ Ct
GAPDH (control-sample)[17, 18].The sample with the lowest expression level in each group was

chosen as the control sample. The reaction e�ciencies of the target groups and GAPDH group were both
100%.

7. Cell transfection

ShRNAs speci�cally targeting the lncRNA LUCAT1 anda scrambled negative control shRNA (shNC) were
synthesized by GeneChemCo.,Ltd.(Shanghai,China). Following the manufacturer’s instructions,
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) was used to transfect the shRNAs and their controls
into the AGS and SGC-7901 cell lines. The cell state and infection e�ciency were observed after
transfection.

8. Knocking out LUCAT1 inhibits the proliferation and clone formationof gastric cancer cells

Control shRNA- or LUCAT1-speci�c shRNA-transfected AGS and SGC-7901 cells(2000/well) were allowed
to grow in 96-well plates for 24 hrs after shRNAtransfection. After 24h, a CCK8 (Sigma, USA) assay was
used to detect cell activity, re�ecting cell proliferation. For colony formation, control shRNA- or LUCAT1-
speci�c shRNA-transfected AGS and SGC-7901 cells were plated in a fresh 6-well plate at a density of
1000 cells/well. The inoculated cells were further cultured in an incubator for 14 days, during which time
the culture medium was changed every 3days and the cell status was observed. The cells were �xed with
4% paraformaldehyde and stained with 0.1% crystal violet (Sangon Biotech, Inc., Shanghai, China). The
assay was repeated 3 times, and then the clone formation rate was calculated.

9. Flowcytometric analysis of apoptosis and the cell cycle

Control shRNA- or LUCAT1-speci�c shRNA-transfected AGS and SGC-7901 cells werecollected and �xed
with 75% ethanol for at least 1 hour. The cells were centrifuged at 321g for 5 min and washed with ice-
cold PBS 2 times. Then, the cell cycle dyePI (propidium iodide;Sigma, USA) and RNase were added to the
cells for 15 min in the dark at 37°C.The cell cycle was then examined by �ow cytometry (Millipore, DE).

After centrifugation at 321 g for 5 min, transfected cells were collected and then resuspended in binding
buffer. Apoptosis was detected using Annexin V-APC apoptosis detection kits (eBioscience, CA, USA). Cell
apoptosis was detected by �ow cytometry (Millipore,DE), and the data were analyzed by guava InCyte
software.

10.Transwell Assay

To measure the invasive ability of cells, 500 µL serum-free medium was added to the upper and lower
chambersofaTranswellsystem (Corning, USA), which was placed in an incubator at 37°C for 2 h. After the
basement membrane was hydrated, the medium in the upper chamber was removed, and 500 µL cell
suspension was added. In the lower chamber, 750 µL 30% FBS medium was added, and the system was
cultured in an incubator at 37°C. Then, a cotton swab was used to removethenoninvasive cells in the
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chamber, 2-3 drops of a Giemsa (DingguoBiotechnologyCo.,Ltd., Shanghai, China) staining solution was
added to the lower surface of the membrane to stain and transfer cells for 3-5 min, and then the chamber
was soaked and rinsed several times and air dried. Microscopy (Olympus, Japan) was used to image the
attached cells.

11. Wound healing assay

A scratch test was used to assess cell migration.Cells were inoculated into 96-well plates and cultured in
an incubator at 37°C and 5% CO2 for 1 night. The next day, the serum medium was changed to low serum
medium, the cells cultured in the 96-well plate were aligned with the center of the lower end of a scratch-
making device, and the cells were pushed up slightly to form scratches. Then,the cells were rinsed with
serum-free medium 3 times. Photographic images along the scrape line were acquired under a
microscope at 0, 6 and 24h.

12. Statistical analysis

Statistical analyses and scienti�c graphing were performed with the Statistical Product and Service
Solutions 22.0 softwarepackage (SPSS, Chicago, USA) and GraphPad Prism 7.0 (GraphPad Software, La
Jolla, CA), and P<0.05 was considered statistically signi�cant. Associations between the expression
levels o�ncRNAs and clinicopathologic featureswere evaluated by a t-test or one-way analysis of variance
(ANOVA). Receiver operating characteristic (ROC) curves were established to evaluate diagnostic value.

Results
1. Identi�cation of differentially expressed genes

In the GSE84787 dataset, 83 differentially expressed lncRNAs (absolute fold change>2, p<0.05) including
7 downregulated lncRNAs and 76 upregulated lncRNAs were identi�ed by using the limma pack age in R
software(Table SI). Similarly, differentially expressed genes including 70 miRNAs (66 downregulated and
4 upregulated) and 4359 mRNAs (1362 downregulated and 2997 upregulated) were identi�ed in
GSE93415 and GSE79973, respectively. A volcano plot was used to visualize aberrant expression
between the tumor group and the nontumor group (Figure S2).

2. Construction of anlncRNA-miRNA-mRNA regulatory network

As shown in Figure.S3, the interactions between differentially expressed genes (those between miRNAs
and lncRNAs and between miRNAs and mRNAs) were predicted by using DIANA-LncBase v2 and
mirtarbase. After all repeated interactions were removed, a total of 24 miRNA-lncRNA interactions and 84
miRNA-mRNA interactions were identi�ed (Table SII). Finally, 74 mRNAs, 21 miRNAs and 6 lncRNAs were
included in the lncRNA-miRNA-mRNA regulatory network (Figure. S1). LUCAT1 (degree=7), hsa-miR-24-3p
(degree=14) and IGF1R or KRAS (degree=3) were the lncRNA, miRNA and mRNAs with the largest degrees
in the network, respectively, indicating that they were signi�cant genes in the regulatory network. The
lncRNA LUCAT1 is probably linked to PAK1 via hsa-miR-377-3p, which is a potential ceRNA regulatory
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relationship. According to previous studies, PAK1 is involved in the development and progression of
GC[19, 20]. Therefore, we selected the lncRNA LUCAT1 to validate its relationship with GC.

3. LUCAT1 expression was upregulated in GC tissue

The expression levels of LUCAT1 in 70 GC and paired adjacent normal tissuespecimens were detected by
qRT-PCR. The results revealed that LUCAT1 expression was obviously upregulated in the GC tumor tissue
samples compared with the paracancerous tissue samples (P<0.001; Figure. 1B).

4. Clinical characteristics associated with LUCAT1 in GC

The expression level of LUCAT1 and clinicopathological features of GC patients are shown in Table 1,
which indicates that the expression pattern of LUCAT1 was associated with tumor diameter (P<0.001),
tissue differentiation grade(P=0.026) and LNMstatus (P=0.020). These results clearly showed that high
levels of LUCAT1 expression were associated with aggressive and advanced cancer. However, there were
no correlations between the LUCAT1 expression level and other clinicopathological features, including sex
and distal metastasis status; however, there was a slight association with the TNM stage(P=0.073).

5. Potential diagnostic value of LUCAT1 in GC

To assess the potential diagnostic value of this lncRNA, a ROC curvewas generated to determine the
optimal cutoff value. As shown in Figure.5, the cutoff value for LUCAT1 was 5.4. The area under the ROC
curve (AUC) for LUCAT1 was 0.836 (P<0.001, Figure.1). The sensitivity and speci�city were 85.7% and
71.4%, respectively. The Youden index was 0.571.

6. The effect of LUCAT1 on cell proliferation in GC

To investigate the mechanism underlying the involvement of LUCAT1 in malignant GC lesions, we used
chemosynthetic shRNAs toknock down endogenous LUCAT1 expressionin AGS and sgc-7901 cells and
examined the effect of LUCAT1 gene knockout on the proliferation of these human GC cells. The results
showed that LUCAT1-shRNA signi�cantly reduced the survival rates of both cell lines compared with a
control shRNA (Figure. 2A and B). Moreover, LUCAT1 gene knockout also signi�cantly decreased the
colony-formation abilities of the two celllines(Figure. 2C and D). These results suggest that LUCAT1 may
be key in the proliferation of GC cells.

7. ShRNA-mediated knockdown of LUCAT1expression causes S-phase cell cycle arrest.

To further investigate the effect of LUCAT1 gene knockout on the cell cycle, we used �ow cytometry to
detect the cell cycle distribution of shRNA-LUCAT1 or control shRNA-transfected AGS and SGC-7901 cells.
In the AGS cells transfected with the LUCAT1-speci�c shRNA, the proportion of S-phase cells was
increased (Figure.3A and 3B). An increase in the proportion of S-phase cells was also observed in the
SGC-7901 cells transfected with the LUCAT1-speci�c shRNA (Figure. 3C and 3D).

8. ShRNA-mediated knockdown of LUCAT1expression causesapoptosis in GC cells
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To con�rm that LUCAT1 induces GC cell apoptosis, AGS and SGC-7901 cells transfected with the
LUCAT1-speci�c shRNA were cultured and stained with Annexin V-APC. After a 48-h incubation, apoptosis
was detected with the �ow cytometric analysis software guava InCyte. We found that the levels of
apoptosis in the two groups of LUCAT1-speci�c shRNA-transfected AGS and sgc-7901 cells were higher
than those in the control group (Figure. 3E,3F,3G and 3H). The results showed that LUCAT1inhibitedGC
cell apoptosis.

9. Migratory Ability

To investigate whether LUCAT1 affects the migration of GC cells, we conducted aCeligo scratch
experimentto detect the migration of AGS and SGC-7901 cells transfected with an shRNA-LUCAT1 virus.
After the use of a special scratch-making tool to create scratches, the Celigoassay was used to recognize
cells with green �uorescence and acquire images. Then, the images of cells in the same �eld after
migration for different lengths of time were analyzed and processed with software. The results showed
that the mobility of the experimental group was signi�cantly lower than that of the control group (Figure.
4).

10. Invasive Ability

We used the AGS and SGC-7901 cell lines to carry out an invasionexperiment.We found that the
invasiveness of LUCAT1-knockout GC cells was considerably lower than that of control cells
group(Figure. 5).

Discussion
LncRNAsare a kind of RNA that lackscoding potential and hasa transcript length of more than 200
nucleotides. Comprehensive analysis o�ncRNA expression in multiple human organs has shownthat the
expression patterns of lncRNAs appearto be more tissuespeci�c than those of protein-coding genes[21],
which indicates that speci�c lncRNAs may be ideal biomarkers for various diseases,especiallycancer. In
previous studies, many lncRNAshave been signi�cantly correlated with various kinds of cancer.

Su�cient evidence has shown that several lncRNAsare involved in the progression of GC, which is the 4th
most common type of cancer and 3rd leading cause of cancer-related death[10, 22]. One typical example
is that the lncRNA HOTAIR participates inGC tumorigenesis by acting as a ceRNAthat competes for miR-
331-3p, whose target is human epithelial growth factor receptor 2 (HER2) [23].

In the ceRNA network established in this study, the lncRNA LUCAT1 is related to PAK1 via the miRNA hsa-
miR-377-3p (Figure. S1). According to previous studies, PAK1is involved in the development and
progression of GC [19, 20], suggesting that LUCAT1 may participate in GC tumorigenesis.

Lung cancer-associated transcript 1 (LUCAT1) was �rst found in the airway epithelium of cigarette
smokers and is considered a poor prognostic factor in human non-small cell lung cancer, as it regulates
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cell proliferation by epigenetically repressing p21 and p57 expression[24]. Emerging studies indicate that
LUCAT1 also promotes tumorigenesis in esophageal squamous cell carcinoma, glioma, clear cell renal
cell carcinoma, colorectal carcinoma and breast carcinoma [25-29].

In this study, the real-time qRT-PCR results showed that the expression of LUCAT1 was signi�cantly higher
in GC tissue than in paracancerous tissue (Figure. 1B). The ROC curve showed moderate value with high
sensitivity (85.7%) and speci�city(71.4%) in diagnosing GC. Many early-stage gastric cancer patients
choose endoscopic therapy, but even in early-stage gastric cancer patients, a certain proportion of
patients have LNM. Therefore, the diagnosis of LNM in gastric cancer intimately affects clinical decision-
making. Our study found that LUCAT1 positively correlated with LNM, which may be helpful for the early
diagnosis of LNMin gastric cancer. However, LUCAT1 also slightly correlated with TNM stages, perhaps
due to our small sample size (Table 1); therefore, the lncRNA Lucat1 may be an ideal biomarker for the
early diagnosis and prognosis of GC. In addition, LUCAT1 contributes to malignant biological behaviors
in many kinds of cancers[24, 27, 30]. In this study, we also found that knocking down LUCAT1 expression
obviously inhibited the proliferation, invasion and metastasis of GC cells and promoted S-phase arrest
and apoptosis in GC cells consequently,the detailed mechanisms involving the lncRNALUCAT1 in the
tumorigenesis and metastasis of GC still need to be elucidated in further investigations.

There are several limitations to our study, such as the lack of data related to the relationships between the
lncRNA LUCAT1 and overall and disease-free survival rates, which requirerelatively long observation
periods.

Overall, we found obvious differential expression of the lncRNA LUCAT1 in GC through bioinformatics
and validated this �nding in GC tissue samples. The results indicate that the lncRNA LUCAT1 may
emerge as a potential biomarker for the early evaluation of GC diagnosis and prognosis and may play an
important role in the development of GC.
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Table 1 The expression level of LUCAT1 and clinicopathological features of GC patients. 
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  LUCAT1
Characteristic    No. of patients (%)  Mean ± SD P value

Age (year)   0.6
≤60  21(30.0) 7.5 ± 2.3  
>60  49(70.0) 7.9 ± 2.5  

Gender    0.816
Female  25(35.7) 7.8 ± 2.5  

Male 45(64.3) 7.7 ± 2.4  
Diameter (cm)     <0.001

≥4 25(35.7) 6.5 ± 1.8  
<4 45(64.3) 8.5 ± 2.5  

Differentiation    0.026
Well & Moderate 19(27.1) 6.83 ± 2.42  

Poor  51(72.9) 8.09 ± 2.39  
Lymphatic metastasis     0.02

N0 23(32.9) 6.8 ± 2.4  
N1 & N2 & N3  47(67.1) 8.2 ± 2.3  

Distal metastasis    0.233
M0  65(92.9) 7.7 ± 2.4  
M1  5(7.1) 9.0 ± 2.3  

Invasion    0.084
Tis & T1 & T2 19(27.1) 6.9 ± 2.3  

T3 & T4  51(72.9) 8.1 ± 2.5  
TNM stage    0.073

 I & II 23(32.9) 7.0 ± 2.3  
III & IV 47(67.1) 8.1 ± 2.5  

Additional File Legends
Figure S1.AnlncRNA-miRNA-mRNA regulatory network in GC. The circular nodes represent mRNAs; the
round rectangular nodes represent lncRNAs; and the triangular nodes represent miRNAs. The red nodes
represent upregulated genes, and the green nodes represent downregulated genes. Node size
representsthedegrees, with a larger node corresponding to more degrees.

Figure S2. Differentially expressed genes in GC. The volcano plots of miRNA expression data from
GSE93415 (A), lncRNA expression data from GSE84787 (B) and mRNA expression data from GSE79973
(C) are shown separately. The horizontal axis represents log2(fold change), and the vertical axis
represents–log10(P -value). The blue dotsrepresent the selected differentially expressed genes.

Figure S3. Flow chart detailing the ceRNA network analysis.

Figures
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Figure 1

(A)ROC curve for LUCAT1.(B)The expression levels of LUCAT1 in GC samples determined by qRT-PCR.
The expression level of LUCAT1 was signi�cantly higher in GC tissue samples than incorresponding
nontumor tissue samples(P<0.001,n=70). And the cutoff values for LUCAT1.
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Figure 2

NC represents the control group, and KD represents the representative experimental group. (A)A CCK8
assay was performed to determine the proliferation of AGS cells transfected with a scrambled shRNA (sh-
NC) or shRNA-LUCAT1 (P<0.05).(B) A CCK8 assay was performed to determine the proliferation of SGC-
7901 cells transfected with the scrambled shRNA (sh-NC) or shRNA-LUCAT1 (P<0.05).(C)Clone-formation
experiments were performed to measure the proliferation of AGS cell lines by �uorescence microscopy.
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(D) The number of cell clonesin the KD group was signi�cantly lower than that in the control group. (E)
Clone-formation experiments were performed to measure the proliferation of SGC-7901 cell lines by
�uorescence microscopy. (F) The number of cell clones in the KD group was signi�cantly lower than that
in the control group. Data are presented as the mean±SD of two independent experiments. P<0.05
compared with the NC group.

Figure 3
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The effects of LUCAT1 on the cell cycles and apoptosis of AGS and SGC-7901 cells in vitro. NC
represents the control group, and KD represents the experimental group.(A)and(B) AGS cells were
transfected with sh-NC or shRNA-LUCAT1.The DNA content was quanti�ed by �ow cytometric analysis. T-
tests were performed and indicated that the differences in S- and G2/M-phase cells between the
experimental groupandcontrol group were signi�cant (P<0.05),but the T-test analysis of G1 cells was
nonsigni�cant (P>0.05).(C)and(D) SGC-7901 cells were transfected with sh-NC or shRNA-LUCAT1. The
DNA content was quanti�ed by �ow cytometric analysis. T-test analysis indicated that the differences in
S-, G1- and G2/M-phase cells between the experimental groupand control group were signi�cant (P<0.05).
(E)and(F) AGS cells were transfected with sh-NC or shRNA-LUCAT1.The apoptosis rate in the
experimental group was signi�cantly higher than that in the control group (P<0.05). (G)and(H) SGC-7901
cells were transfected with sh-NC or shRNA-LUCAT1.The apoptosis rate in the experimental group was
signi�cantly higher than that in the control group(P<0.05). Data are presented as the mean±SD of two
independent experiments. P<0.05 compared with the NC group.

Figure 4

Effects of LUCAT1 on GC cell migration. Cells were observeat0h, 6h and 24 h.NC represents the control
group, and KD represents the experimental group.(A)and(B) AGS cells were transfected with sh-NC or
shRNA-LUCAT1. Then,cellmobility was quanti�ed (P<0.05).(C)and(D) SGC-7901 cells were transfected
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with sh-NC or shRNA-LUCAT1. Then,cellmobility was quanti�ed (P<0.05). Data are presented as the
mean±SD of two independent experiments. P<0.05 compared with the NC group.

Figure 5

Effects of LUCAT1 on the invasiveness of GC cells.NC represents the control group, and KD represents the
experimental group. Images were acquired with an inverted microscope at 100X and 200X. (A)and(B)
AGS cells were transfected with sh-NC or shRNA-LUCAT1. The cells were then counted (P<0.05).(C)and(D)
SGC-7901 cells were transfected with sh-NC or shRNA-LUCAT1. The cells were then counted(P<0.05).
Data are presented as the mean±SD of two independent experiments. P<0.05 compared with the NC
group.

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

TableSI.pdf

https://assets.researchsquare.com/files/rs-31580/v1/TableSI.pdf


Page 20/20

FigureS2.pdf

FigureS1.pdf

TableSII.pdf

FigureS3.pdf

https://assets.researchsquare.com/files/rs-31580/v1/FigureS2.pdf
https://assets.researchsquare.com/files/rs-31580/v1/FigureS1.pdf
https://assets.researchsquare.com/files/rs-31580/v1/TableSII.pdf
https://assets.researchsquare.com/files/rs-31580/v1/FigureS3.pdf

