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Abstract
Background: Long non-coding RNA (lncRNA) plays an important regulatory role in the development and
progression of gastric cancer(GC). However, the biological role and potential molecular mechanism of
lncRNA RNF144A-AS1 in liver metastasis of gastric cancer(GCLM) remain unclear.

Methods: LncRNAs associated with GCLM were identi�ed by microarray. Gain or loss of function
approaches was used to investigate the biological functions of RNF144A-AS1. The expression of
RNF144A-AS1 was detected by real-time quantitative PCR, and the molecular mechanism of RNF144A-
AS1 was investigated by RNA pull-down assay, Western blot, luciferase activity, RNA
immunoprecipitation. Finally, nude mouse models and bioluminescence imaging were used to verify the
role of RNF144A-AS1 in GCLM in vivo. 

Results:We identi�ed that RNF144A-AS1 was highly expressed in GC by microarray.RNF144A-AS1 was
related to GCLM,and poor DFS and OS. The expression of RNF144A-AS1 in serum exosomes of GC
patients was signi�cantly increased, while the level of RNF144A-AS1 was signi�cantly decreased after GC
resection. Overexpression of RNF144A-AS1 in exosomes can promote the growth and invasion of co-
cultured GC cells in vitro. The down-regulation of RNF144A-AS1 induced the proliferation, migration, and
invasion of GC cells in vitro and in vivo. Mechanistically, the transcription factor HOXA3 bound to the
promoter region of RNF144A-AS1 could activate RNF144A-AS1, and RNF144A-AS1 promotes GCLM via
interacting with PUF60 protein and sponging miR-361-3p.

Conclusions: The present study indicated that exosome RNF144A-AS1 overexpression contributes to
GCLM and would be a promising biomarker for the diagnosis and prognosis of GCLM.

Background
Gastric cancer(GC) is a serious threat to human health and is one of the �ve major cancers in the world
(1). Early GC is di�cult to diagnose, and most of the patients are in the middle and late stage when they
see a doctor. Invasion and metastasis of GC often occur in advanced GC, which seriously affects the
treatment of GC patients, and the �ve-year survival rate is less than 30% (2, 3). Tumor metastasis is one
of the main causes of death. Liver is the main organ of GC metastasis, and the incidence of liver
metastasis of GC (GCLM) is as high as 44%. The �ve-year survival rate of patients with GCLM is only
about 10%(4, 5). At present, early diagnosis of GCLM is still a di�cult problem. Some tumor molecular
markers have been used in clinical early detection and auxiliary diagnosis, such as CEA, CA125, CA72-4,
CA199, etc., but their speci�city is low (6). In order to further improve the prognosis of GC patients, it is
necessary to discover new genes related to GCLM.

Long non-coding RNA (lncRNA) is a type of RNA with a length of more than 200bp with limited protein-
coding potential. Many lncRNAs have been reported to function in both physiological and pathological
processes (7, 8). LncRNAs play crucial roles in multiple steps of gene regulation by serving as guides of
chromatin-modifying complexes (9, 10) and transcription factors (11, 12), scaffolds of protein-protein
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interactions (12, 13), decoys of proteins (14, 15), sponges for miRNAs (16–18), etc. Aberrant expression
of lncRNAs is common in cancer (19), and lncRNAs have been found to involve in various aspects of
cancer development such as cell growth, survival, invasion and metastasis (9, 15, 20, 21). Although
lncRNA has been widely acknowledged as a new contributor to human cancer, only a small number of
lncRNAs have been functionally characterized in GC. The molecular mechanism of lncRNA involved in
regulating GCLM is not fully understood. Exosomes are small vesicles that are rich in biologically active
molecules such as protein, mRNA, miRNA, etc., which can be transported between cells and mediate the
transfer of materials and information between cells, thereby affecting the physiological functions of cells
(22). Exosome mainly affects tumor-related pathways by mediating substance transport, such as
hypoxia-mediated EMT, angiogenesis, and tumor microenvironment involved in regulating tumor
metastasis (22, 23, 24). Tumors will continue to release exosomes into the surrounding environment
during the growth process. Exosomes are rich in ncRNAs. Therefore, the detection of exosomes and
exosomal ncRNAs in body �uids is helpful for tumor diagnosis and prognosis evaluation (25–27). Some
scholars have found that malignant solid tumors such as breast cancer and GC can secrete lncRNAs to
promote the occurrence and development of malignant tumors, which is expected to be used for the
diagnosis and monitoring of malignant tumors (28–31).

Poly-U binding splicing factor 60KDa (PUF60) is a splicing factor related to U2, which plays an important
role in the recognition of the 3'splicing site in the early stage of spliceosome assembly (32). Studies have
found that PUF60 protein is highly expressed in colorectal cancer (33), GC (34), liver cancer (35), ovarian
cancer (36) and other tumors, and is closely related to the occurrence and development of tumors. Some
scholars have found that PUF60 can be detected in the serum of patients with early colon cancer, and the
detection rate before surgery is signi�cantly higher than that after surgery (37). This shows that PUF60
can be used as a combined or independent detection indicator for the diagnosis of colorectal cancer and
other tumors, providing a new target for gene therapy.

The insulin-like growth factor-2 mRNA-binding protein 1(IGF2BP1) is a member of the conserved 
single-stranded RNA binding protein family (IGF2BP1-3).It is expressed only in a few normal 
adult tissues, but is highly expressed in fetal tissues and many cancer tissues, and plays an 
important role in embryogenesis, carcinogenesis, and drug resistance (38, 39). Studies have found
that IGF2BP1 plays an important role in the proliferation, adhesion, migration and invasion of some
cancer cells (40, 41). In addition, IGF2BP1 is highly expressed in GC tissues and is associated with short
overall survival(OS) and poor prognosis (42, 43). Therefore, IGF2BP1 is considered to be one of the
promising therapeutic targets for the treatment of cancer.

POU domain class 2 transcription factor 2(POU2) is a B-cell-speci�c octamer transcription factor (44).
Previous studies have shown that POU2F2 is usually expressed in B cells and B cell line tumor cells to
regulate B cell proliferation and cell differentiation (44). Recent studies have found that POU2F2 is
overexpressed in pancreatic cancer (45), GC (46, 47), cervical cancer (48), and other epithelial
malignancies. Wang et al. (47) found that the expression of POU2F2 in GC cells with high metastatic
potential and GC tissues with lymph node or distant metastasis was signi�cantly increased, and the
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survival time of GC patients with positive POU2F2 expression was shorter than that of GC patients with
negative POU2F2 expression. However, the potential function and exact mechanism of POU2F2 in GC are
still unclear.

In this study, we found that RNF144A-AS1 was overexpressed in the tumors and serum exosomes of GC
patients, and was related to the pathological staging, poor prognosis, and GCLM. RNF144A-AS1
promotes GCLM in vivo and in vitro by interacting with PUF60 protein and sponging miR-361-3p. It was
further found that the transcription factor HOXA3 can activate and promote the overexpression of
RNF144A-AS1. This study provides a new perspective for exploring the pathogenesis of GCLM.

Methods

Patient samples
The 6 cases of GC and its adjacent normal tissues used for LncRNA high-throughput microarray
detection were from patients with GC complicated by liver metastasis in general surgery who underwent
palliative surgery due to obstruction or gastric bleeding. 120 cases of GC patients used for large sample
veri�cation were primary GC patients in the general surgery department of our hospital, all of which were
con�rmed by surgery and underwent D2 radical resection with R0 resection. All GC patients did not
receive chemotherapy, radiotherapy, surgery, and other treatments before surgery. Peripheral blood was
collected from 20 patients with GC and 20 healthy controls (not diagnosed with cancer). Preparation of
exosomes from peripheral blood. All specimens were collected according to institutional protocol. In
addition, the clinicopathological features of patients were collected, including age, gender, tumor location,
tumor size, degree of differentiation, Lauren grade, TNM stage, etc.

Microarray analysis
Total RNAs were isolated from the paired tissue samples of six liver metastasis and their adjacent normal
tissues and puri�ed using TRIzol reagent (Invitrogen, Carlsbad, CA) and RNeasy mini kit (Qiagen Inc,
Valencia, CA) according to the manufacturer's protocol. Following RNA isolation and cDNA synthesis,
biotin-labeled cRNA was labeled and hybridized to the 8 × 60 K LncRNA Expression Microarray
(ArrayStar). After having washed the slides, the arrays were scanned by the Agilent Scanner G2505C.
Agilent Feature Extraction software (version 11.0.1.1) was used to analyze acquired array images.
Quantile normalization and subsequent data processing were performed using the GeneSpring GX
v11.5.1 software package (Agilent Technologies).

Cell culture
The AGS cell line was purchased from the American Type Culture Bank (ATCC,USA), and the HEK293T,
HGC27, MKN45, and GES1 cell lines were purchased from the Shanghai Type Culture Bank of the Chinese
Academy of Sciences. HEK293T, HGC27, MKN45, and GES1 cells were cultured in RPMI1640 medium
(Gibco, Carlsad, CA, USA). AGS cells were cultured in F12K medium (Wisent, Canada). All cell lines were
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added with 100 µg/ml streptomycin, 100 U/ml penicillin, and 10% fetal bovine serum in a humidi�ed
atmosphere of 5% CO2 at 37°C.

Isolation and identi�cation of exosomes
Collect exosomes from 20 ml culture medium (1×107 cells). Collect the medium on ice, centrifuge at
800×g for 10 min to pellet the cells, and centrifuge at 12000×g for 30 min to remove cell debris.
Centrifuge with an SW32 rotor (Beckman Coulter) at 100,000×g for 2 h to separate exosomes from the
supernatant. The exosomal pellets were washed once in a large volume of phosphate buffer, and
resuspended in 100 µl of phosphate buffer.

Human serum exosomes were obtained using ExoQuick Exosome precipitate (SBI, CA, USA) according to
the instruction manual. In short, the serum was collected and centrifuged at 3000×g for 15 min. The 63
µL Exoquick Exosome precipitate was added to 250 µL supernatant, the serum was refrigerated at 4°C for
30 min, and centrifuged at 1500 ×g for 30 min. Then the Exosome pellets were suspended in 100 µL with
1×PBS.The particle size and shape of exosomes were then identi�ed by transmission electron
microscopy (TEM)(Philips Tecnai 20, Netherlands).Western blot method was used to identify exosomal
protein markers.Nanoparticle tracking analysis (NTA) was used to measure the total amount of
exosomes.

RNA preparation and quantitative real-time PCR (qRT-PCR)
Total RNA was extracted from cells or tissues using TRIzol reagent (Invitgen, MA, USA). The nucleus and
cytoplasm were extracted with the Paris™ kit (Thermo Fisher, Massachusetts, USA). The extracted RNA
was subjected to quantitative polymerase chain reaction using HiScript Q RT SuperMix (Vazyme,
Jiangsu,China). ABI Prism7900 sequence detection system (Applied Biosystems Canada) was used to
perform quantitative RTPCR with SYBR Green PCR Master Mix (Vazyme), GAPDH was used as an internal
control, and the results of each sample were normalized to GAPDH expression. For RNase R treatment,
incubate 2 µg of total RNA at 37°C and add or not add 3 U/µg of RNase R (Epicentre Technologies, WI,
USA) in 1× reaction buffer. (The primers are listed in Supplementary Table S1.)

Plasmid and siRNA transfection and lentiviral transduction
The siRNAs of RNF144A-AS1 and HOXA3,and miRNA mimics or inhibitors were designed and
synthesized(RiboBio,Guangzhou,China).Plasmids pcDNA3.1-RNF144A-AS1 and pcDNA3.1-PUF60 were
designed and synthesized by Jiangsu Genssee Biological Technology Co. Plasmids and miRNA mimics
or inhibitors were transfected with liposome 3000 (Invitgen). The cells were transfected with siRNAs with
DharmaFECT4 (DharmaCon, IL, USA). An shRNA lentiviral vector (pGLV3/GFP/Puro) targeting RNF144A-
AS1 was constructed by GenePharma (Shanghai, China) and transfected into HGC27 cells. A stable cell
line was obtained by screening with puromycin. (RNF144A-AS1 and HOXA3 gene siRNA sequences are
listed in Supplementary Table S1.)

RNA pull-down assay and mass spectrometry
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According to the manufacturer's protocol, the magnetic RNA protein pull-down kit (TERMO) was used for
lncRNA pull-down assay. 107 HGC27 cells were transfected with RNF144A-AS1 overexpressing vector or
control vector. After 48 h, the total RNA of the two groups of cells was extracted and incubated with 100
nmol probes at 70°C for 5 min. Then the ribonucleic acid was slowly cooled to room temperature, 50 µl
streptavidin magnetic beads were added, and the mixture was incubated at room temperature for 30 min
with stirring. The unbound ribonucleic acid was eluted with 20 mMTris, and 100 µl 1×RNA-protein binding
buffer with a total protein of 100 µg was added to the test tube containing streptavidin magnetic beads.
After the streptavidin magnetic beads were incubated for 1.5 h with rotation at 4°C, they were washed 3
times with washing buffer, and then incubated with 50 µl of elution buffer at 37°C for 15 min with stirring.
The supernatant was collected for silver staining and KeyGEN mass spectrometry analysis.

Cell Counting Kit -8(CCK8) analysis
After 48 h of transfection, HGC27 cells (2×103) were seeded in 96-well plates (Corning). Then, add 10 µl
of CCK8 (Beyotam, Jiangsu, China) solution to each well at the designated time, and add 10 mmol/l of
CCK8 (Beyotam, Jiangsu, China) solution to each well. After incubating at 37°C for 1 h, the absorbance at
450 nm was measured using an automatic microplate reader (Synergy4; BioTek, Winooski, VT, USA).

Wound healing analysis
Cell migration ability was detected by wound healing assay. A total of 2–4 × 105 cells were seeded in 6-
well plates, cultured for 12–24 h, and transfected with siRNA or control siRNA and PC-DNA3.1-RNF144A-
AS1 or control vector. Once the culture reached an 85% fusion rate, the cell layer was scratched with
sterile plastic tips, washed with culture medium, and then cultured for 24 and 48 h. At different time
points, images of the steel plate were obtained using a microscope (Olympus Tokyo, Japan), and the
relative area of the wound was obtained using ImageJ software to quantify and calculate the
signi�cance of the observed event.

Transwell analysis
The Transwell invasion test was performed in a 24-well plate (Corning, Massachusetts, USA). A Transwell
cell with a diameter of 6.5 mm and an 8 µm pore polycarbonate membrane insert (Corning) was used.
The bottom of the upper cavity is coated with �bronectin (Merck Millipol, Darmstadt, Germany). After 48 h
of transfection, HGC27 cells (2×104) were seeded in 50 µl Matrigel (Corning) serum-free medium coated
or uncoated in the upper cavity. RPMI1640 containing 10% FBS was added to the lower chamber as a
chemical attractant. After incubating for 12 h at 37°C, the cells were �xed with 4% paraformaldehyde,
stained with crystal violet, and counted under a microscope ×200 times. The determination was repeated
three times in duplicate. Take the average of the cell counts in 5 random areas.

Western blot, immunohistochemical (IHC) analysis
RIPA lysis buffer (Thermo Fisher) was used to extract proteins from cells and tissues. Serum protein
extraction kit (China Qincheng Biological) to extract serum protein. The immune complexes were detected
with ECL Western blotting substrate (Thermo Fisher) and developed with BIO-RAD (BIO-RAD Gel Doc
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XR+). Western blot analysis was performed using standard procedures. The following antibodies (11000)
were used: anti-β-actin (Beyotime, AF0003); anti-α-tubulin (Beyotime, AF0001); anti-GAPDH (Beyotime,
AF0006); anti-PUF60 (ab22819, Abcam). Anti-IGF2BP1 (ab184305, Abcam); anti-POU2F2 (ab243153,
Abcam); anti-HOXA3(ab28771, Abcam). anti-Calnexin (Abcam, ab92573); anti-CD63 (Abcam, ab134045);
anti-TSG101 (Abcam, ab125011); anti-CD81 (Proteintech, 66,866–1-Ig).

Perform IHC using standard procedures. Anti-IGF2BP1, POU2F2 and HOXA3 antibodies were used for
IHC(Abcam,1: 200). Images were scanned by Pannorama Scan(3DHistech, Hungary). IP was performed
with anti-PUF60 antibody (AbCAM, 1:150) and appropriate control IgG(Merck micropore).
Immunoprecipitates were collected by centrifugation and analyzed by SDS-PAGE.

RNA �uorescence in situ hybridization (FISH)
A CY3-labeled RNF144A-AS1 speci�c probe was designed and synthesized using RIBOBIO, and the signal
was detected using FISH kit (Ribobio) according to the manufacturing instructions.The cells grew to the
exponential stage, and fusion reached 40%~50% during �xation.After cells were permeated
(1×PBS/0.5%Triton X-100), they were hybridized with RNF144A-AS1, U6 and 18S speci�c probes
overnight in a 37°C hybrid buffer. The hybridization buffer was gradually eluted with 4×SSC (containing
0.1% Tween-20), 2×SSC and 1×SSC at 42°C, and the nuclei were counter-stained with 4,6-diamino-2-
phenylindole (DAPI)(RiboBio). Confocal images were captured using the Zeiss AIM and Zeiss LSM 700
confocal microscopy systems (Carl Zeiss Jena, Oberkochen, Germany).

RNA-protein immunoprecipitation (RIP) analysis
The MagnaRIP RNA Binding Protein Immunoprecipitation Kit (Merck Microwells) was used according to
the manufacturer's instructions. The cell lysate was incubated with microspheres coated with 5 µg anti-
Argonaute-2 antibody (AGO2) (Abcam, MA, USA) and anti-PUF60 (Abcam), and the control IgG was
rotated overnight at 4°C. Then total RNA was extracted, and the expression of RNF144A-AS1 was
detected by qRT-PCR.

Dual-luciferase reporter analysis
HEK-293T cells were seeded in a 24-well plate at a density of 6×104 cells per well, 24 h before
transfection. The luciferase reporter vector (PmirGLO) containing RNF144A-AS1-miR-361-3p/miR-619-5p
binding sequence or mutation sequence was co-transfected with miRNA mimic (20 Nm) to detect the
binding ability of miRNA. After 24 h, the luciferase activity was measured using the dual-luciferase
reporter analysis system (Promega, Madison, WI, USA) according to the manufacturer's protocol.

RNA sequencing(RNA-seq) analysis
Total RNA was extracted with Trizol reagent, and the amount and purity of RNA were veri�ed by
Nanodrop2000 (Thermo Fisher). RNA integrity and gDNAs contamination were detected by denatured
agarose gel electrophoresis.Before the RNA-seq library was constructed, the RNA of each sample was
removed by the Ribominus Eukaryotic Cell Kit (QIGEN) for ribosomal RNA.The sequencing library was
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determined by the Agilent 2100 bioanalyzer using the Agilent DNA 1000 chip kit (Agilent, CA, USA).The
library was adjusted to 10 NM before clustering. The cDNA was then sequenced using the HiSeq2000
system (Illumina, Sandiego, CA, USA) and a 100 bp paired-end run.

Animal research
All animal experiments were conducted following the procedures approved by the Institutional Animal
Care and Utilization Committee of Jiangsu University. HGC27 cells of RNF144A-AS1 stable silence LV3-
sh-RNF144A-AS1 and control group LV3-sh-NC cells were collected and suspended in frozen PBS. Ten 5-
week-old male BALB/cnu/nu mice were randomly divided into 2 groups, and liver metastasis models (1.5
× 106 cells in 150 µl of PBS) were prepared by infrasplenic injection. After 3 weeks, bioluminescence
imaging was performed to check liver metastases every week for 4 consecutive weeks. Prepare D-luciferin
sodium salt stock solution with 15 mg/ml PBS. In order to produce bioluminescence, mice received
intraperitoneal injection of �uorescein stock solution (150mg/kg). All mice were anesthetized with 2%
iso�urane immediately, and imaging was performed 10 minutes later. These images were captured using
the IVIS Spectrum Xenogen imaging system (Caliper Life Sciences). The mice were sacri�ced 7 weeks
later, and the liver samples were taken for H&E staining, Western blot, and IHC detection. Blood samples
were collected for exosome analysis.

Statistical Analysis
All statistical analyses were performed using SPSS software version 20.0 (SPSS Inc., USA) and GraphPad
Prism version 7.00 (GraphPad Software, USA). The differences between the two groups were assessed
using Student’s t-test. Overall survival curves were estimated by the Kaplan–Meier method, and the
difference in survival was evaluated using the log-rank test.p Values < 0.05 were considered statistically
signi�cant.

Results

High-throughput microarray screening for lncRNAs related
to GCLM
To identify lncRNAs associated with GCLM and explore their functions and mechanisms, we collected 6
pairs of GC and adjacent normal tissues from patients with GCLM. LncRNA microarray was used for
detection, and gene reannotation analysis was performed. In this study, the standard of Fold change (FC)
greater than 10 times and p-value < 0.005 was used to screen lncRNA (Fig. 1A, 1B, 1C; Supplementary
Table S2). One of the most up-regulated lncRNAs is RNF144A-AS1. RNF144A-AS1 is located on human
chromosome 2 and has a 2348bp transcript. It has been found that RNF144A-AS1 is overexpressed in
bladder cancer tissues, and promotes cancer cell migration and invasion (49), but there is no report on its
expression and signi�cance in GC.

Expression and clinical signi�cance of RNF144A-AS1 in GC
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In this study, the expression level of RNF144A-AS1 mRNA in GC tissues was detected by qRT-PCR with
expanded samples. The results showed that compared with normal tissues adjacent to cancer, RNF144A-
AS1 was highly expressed in GC tissues, and the difference was statistically signi�cant (Fig. 2A) (P < 
0.0001). We further evaluated RNF144A-AS1 as a potential molecular marker for GC Taking the normal
tissues adjacent to cancer as a control, the ROC curve was made, and the results showed that the
truncated value for distinguishing normal tissues from cancer and adjacent normal tissues was 3.493
(relative �uorescence intensity), and the sensitivity and speci�city were 0.8167 and 0.8917, respectively
(Fig. 2B).

In this study, 120 GC tissue specimens were further divided into RNF144A-AS1 high expression group and
low expression group according to the expression level of RNF144A-AS1, with 60 pairs in each group. The
qRT-PCR method was used to analyze the expression of RNF144A-AS1 in GC tissues and clinical
parameters such as age, gender, degree of tissue differentiation, depth of tumor invasion, lymph node
metastasis, distant metastasis, TNM staging, Hp infection, and carcinoembryonic antigen (CEA)
Correlation. The results showed that RNF144A-AS1 is highly expressed in GC tissues and is closely
related to the depth of tumor invasion (P = 0.038), lymph node metastasis (P = 0.043), liver metastasis (P 
= 0.004), and TNM staging (P = 0.010). With patient gender (P = 0.444), age (P = 0.853), tumor location (P 
= 0.619), tumor diameter (P = 0.568), Lauren classi�cation (P = 0.443), degree of differentiation (P = 
0.836), whether Signet ring cells (P = 0.793), HP infection (P = 0.456) and CEA level (P = 0.711) were not
signi�cantly correlated (Supplementary Table S3). Survival analysis of the two groups found that the
disease-free survival (DFS) and overall survival (OS) of patients in the RNF144A-AS1 high expression
group were lower than those in the RNF144A-AS1 low expression group (DFS, p = 0.002; OS, p < 0.001)
(Fig. 2C, 2D). Multivariate analysis found that RNF144A-AS1 expression is one of the independent
prognostic factors for GC (Supplementary Table S4). The above results indicate that the expression of
RNF144A-AS1 is signi�cantly up-regulated in GC, and may be used as one of the indicators for the
diagnosis of GCLM.

To determine whether RNF144A-AS1 can be detected in serum exosomes, blood samples from 20 GC
patients and 20 healthy controls were collected, and sera-derived exosomes were identi�ed by
transmission electron microscopy and Western blot analysis ( Fig. 2E, 2F). As expected, RNF144A-AS1
from serum exosomes was more abundant in GC patients than in healthy controls ( Fig. 2G). Furthermore,
the level of RNF144A-AS1 in serum exosomes was linearly correlated with the level of RNF144A-AS1 in
GC tissue tumors (P = 0.0050), making it possible to detect the expression of RNF144A-AS1 in blood
samples. We also detected the expression of exosome RNF144A-AS1 in serum before and after
gastrectomy (R0 resection), and found that the expression of exosome RNF144A-AS1 was signi�cantly
decreased after tumor resection (n = 20) ( Fig. 2H), indicating that GC tissue was the source of exosome
RNF144A-AS1.

These results indicate that RNF144A-AS1 is an up-regulated lncRNA derived from GC tissue and can be
effectively transported into the circulation by exosomes. In addition, the high expression of RNF144A-AS1
is related to GCLM, high TNM staging, and poor prognosis. It is a potential lncRNA biomarker for GCLM.



Page 11/31

RNF144A-AS1 regulates the proliferation, migration and
invasion of GC cells in vitro
To explore whether RNF144A-AS1 affects the biological process of GC cells, we �rst analyzed the
expression of RNF144A-AS1 in three human GC cell lines (AGS, HGC27, and MKN45) and normal gastric
epithelial cell line GES1. Compared with GES1 cells, the three GC cell lines all have high expression of
RNF144A-AS1, especially HGC27 and MKN45 (FC = 3.58 and 2.19, P < 0.001) (Fig. 3A,). Exosomes were
identi�ed from HGC27, MKN45, and GSE1 cell cultures, respectively. Compared with GES-1 cells, the
exosomes rnf144A-AS1 were also highly expressed in GC cell lines (MKN45: FC = 3.78,P < 
0.001;HGC27 FC = 2.68 P < 0.001) (Fig. 3B,3C,3D). Therefore, we used HGC27 cells in the following study.

We designed 3 siRNAs for the RNF144A-AS1 sequence and tested the down-regulation e�ciency of si-
RNF144A-AS1, and found that si-RNF144A-AS1#1 and si-RNF144A-AS1#2 signi�cantly inhibited the
expression of RNF144A-AS1.In addition, we constructed RNF144A-AS1 overexpression plasmid with
pcDNA3.1-CMV-lncRNA vector. CCK8 and EDU analysis showed that silencing RNF144A-AS1 can
signi�cantly inhibit the proliferation of GC cells Fig. 3E). Scratch repair test and Transwell analysis found
that silencing RNF144A-AS1 inhibited the migration and invasion of GC cells. The overexpression of
RNF144A-AS1 increased the proliferation, migration, and invasion of GC cells (Fig. 3F, 3G, 3H).

In addition, it was found that after transfection of siRNA or overexpression plasmid, the qRT-PCR analysis
showed that the expression level of RNF144A-AS1 in exosomes was consistent with the expression
change of RNF144A-AS1 in cells (Fig. 3I). We extracted exosomes from HGC27 cell culture medium
transfected with RNF144A-AS1 plasmid and co-cultured them with untreated GC HGC27 cells at different
concentrations. As expected, the overexpression of exosomal RNF144A-AS1 also enhanced the
proliferation, migration, and invasion of GC HGC27 cells, and promoted the phenotype of malignant cells
(Fig. 3J, 3K, 3L).

These results indicate that the overexpression of exosomal RNF144A-AS1 plays an important role in
promoting the proliferation, migration and invasion of GC cells.

RNF144A-AS1 directly binds to PUF60
The above research suggested that RNF144A-AS1 can act as a miR-361-3p sponge and participate in the
invasion and metastasis of GC cells. Are there other mechanisms? We performed RNA pull-down
experiments in HGC27 cells. Silver staining results showed that several protein bands were enriched in GC
cells in the RNF144A-AS1 group compared with the control group (Fig. 4A). Protein mass spectrometry
was used to identify differentially expressed proteins. In the list of recognized proteins, the top one was
PUF60. RIP analysis showed that compared with IgG (Fig. 4B), anti-PUF60 antibody down-regulated
abundant RNF144A-AS1, con�rming the direct interaction between RNF144A-AS1 and PUF60(Figure 4C).
The qRT-PCR method detected the expression of PUF60 mRNA in the tissues, and the results showed that
PUF60 mRNA was up-regulated in GC tissues compared with normal tissues (Fig. 4D). Considering the
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interaction between RNF144A-AS1 and protein, we analyzed the relationship between PUF60 mRNA
expression and RNF144A-AS1 and found that they are positively correlated (Fig. 4E).

We detected the transcriptional expression level of PUF60 in the OE-NC, OE-RNF144A-AS1, sh-NC, and sh-
RNF144A-AS1 groups by qRT-PCR. It was found that after overexpression of RNF144A-AS1, the
transcription and protein levels of PUF60 increased signi�cantly, and after interference with RNF144A-
AS1, the transcription and protein levels of PUF60 decreased signi�cantly (Fig. 4F,4G). Transwell analysis
showed that overexpression of PUF60 can reverse the inhibitory effect of down-regulation of RNF144A-
AS1 on cancer cell migration and invasion (Fig. 4H,4I). These results suggest that RNF144A-AS1 directly
binds to PUF60, thereby promoting the occurrence and development of GCLM.

RNF144A-AS1 acted as a sponge for miR-361-3p
How does RNF144A-AS1 regulate GCLM? In order to study the mechanism of RNF144A-AS1 in GC cells,
we �rst used cytoplasmic, nuclear RNA isolation test and FISH to detect the subcellular localization of
RNF144A-AS1, and found that RNF144A-AS1 is mainly distributed in the cytoplasm (Fig. 5A, 5B). This
shows that the way it regulates downstream target genes is mainly through post-transcriptional level
regulation. Given that lncRNAs as miRNA sponges have been extensively studied, and RNF144A-AS1 is
abundant in the cytoplasm, we next studied the miRNA binding ability of RNF144A-AS1. We performed
RIP on AGO2 in HGC27 cells. The speci�c enrichment of dropdown endogenous RNFA114-AS1 was found
with qRT-PCR experiments, suggesting that RNF144A-AS1 can play a biological function as a miRNA
sponge (Fig. 5C,5D). Three potential miRNAs (miR-361-3p, miR-619-5p and miR-4729) were predicted
using online software (Starbase). We detected the expression of these miRNAs in HGC cells
overexpressing RNF144A-AS1 and found that miR-361-3p and miR-619-5p were down-regulated (Fig. 5E).
To verify the direct interaction between miR-361-3p, miR-619-5p, and RNF144A-AS1, we constructed an
RNF144A-AS1 fragment containing the predicted binding sites (wild type and mutant) of the identi�ed
miRNA,and insert it into the downstream of the dual-luciferase reporter gene (Fig. 5F). It was found that,
compared with miR-NC mimics, miR-361-3p mimics resulted in down-regulation of relative luciferase
activity in the RNF144A-AS1-miR-361-3p group, but there was no change in luciferase activity in the
RNF144A-AS1-miR-361-3p mutant group. However, miR-619-5p mimics did not signi�cantly affect the
luciferase activity of RNF144A-AS1-miR-619-5p (Fig. 5G,5H). This study found that the expression level of
miR-361-3p in GC tissues was lower than that of matched normal tissues (Fig. 5I), and the expression of
miR-361-3p and RNF144A-AS1 was negatively correlated (Fig. 5J). These results indicate that RNF144A-
AS2 can act as a sponge for miR-361-3p and reduce the expression of miR-361-3p.

To �nd the target genes of miR-361-3p in the GC, we �rst used Targetscan, miRDB, Tarbase and miRWalk
databases to screen and cross (Fig. 5K), and found 47 mRNAs that can bind miR-361-3p. Further RNA
Seq was used to detect the cells in the RNF144A-AS1 overexpression group, and it was found that
IGF2BP1 and POU2F2 are important downstream targets of RNF144A-AS1 (Fig. 5L). Next, we detected the
expression levels of IGF2BP1 and POU2F2 mRNA in GC tissues and found that the expression of
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IGF2BP1 and POU2F2 was negatively correlated with miR-361-3p (Fig. 5M, 5N), but positively correlated
with RNF144A-AS1 (Fig. 5O,5P)

The Western blot and qRT-PCR showed that down-regulation of miRNA-361-3p in HGC27 cells could
signi�cantly increase the mRNA and protein expression levels of IGF2BP1 and POU2 (Fig. 5Q,5R).
However, up-regulation of miR-361-3p can signi�cantly inhibit the mRNA and protein expression levels of
IGF2BP1 and POU2F2 ( Fig. 5S,5T), indicating that IGF2BP1 and POU2F2 are the direct target genes of
miR-361-3p. It was further found that Western blot showed that down-regulation of RNF144A-AS1 can
signi�cantly reduce the protein levels of IGF2BP1 and POU2F2 (Fig. 5U), while up-regulation of RNF144A-
AS1 can signi�cantly increase the protein levels of IGF2BP1 and POU2F2 (Fig. 5V).

To con�rm the biological function of miR-361-3p and whether RNF144A-AS1 affects the function of miR-
361-3p, we carried out rescue experiments with miR-361-3p mimic alone or with RNF144A-AS1 plasmid.
CCK8 and Transwell analysis found that miR-361-3p mimic reversed the promotion of RNF144A-AS1
overexpression on the migration and invasion of GC cells (Fig. 5W, 5X). The above results suggest that
RNF144A-AS1 can act as a sponge for miR-361-3p, and promote the migration and invasion of GC cells
by up-regulating the expression of IGF2BP1 and POU2F2.

Regulation of transcription factor HOXA3 on RNF144A-AS1
Transcription factors play an important role in regulating gene expression. Is the abnormal up-regulation
of RNF144A-AS1 in GC related to the activation of related transcription factors? To explore whether the
activation of related transcription factors can lead to the up-regulation of RNF144A-AS1 expression in GC,
we used online software (http://genome.ucsc.edu/) to analyze the transcription factors that might be
bound by the RNF144A-AS1 promoter region, and the analysis found that the transcription factor HOXA3
and the gene were bound to the RNF144A-AS1 promoter region ( Fig. 6A). The transcription factor HOXA3
was found to bind with RNF144A-AS1 by luciferase assay (Fig. 6B).

This study used qRT-PCR to detect the level of HOXA3 mRNA and found that the HOXA3 gene was highly
expressed in GC tissues, and it was signi�cantly positively correlated with the expression level of
RNF144A-AS1 in GC tissues (Fig. 6C, 6D). After knocking down the expression of HOXA3 in HGC27 cells
with siRNA, RNF144A-AS1 was down-regulated. Further using CCK8, wound healing, and transwell
detection, it was found that knocking down HOXA3 expression can reverse the up-regulation of RNF144A-
AS1 overexpression on the enhancement of cancer cell proliferation, migration, and invasion (Fig. 6E-H).
This indicates that the high expression of RNF144A-AS1 in GC is likely to be regulated by HOXA3
transcription.

The study of RNF144A-AS1 in regulating GCLM in vivo
In order to study the liver metastasis potential of RNF144A-AS1 in vivo, the HGC27 cells of stable
silencing LV3-sh-RNF144A-AS1 and LV3-sh-NC cells of the control group were prepared with �uorescent
enzyme plasmids, and then the above cells were respectively injected into the liver metastasis animal
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model by subsplenic injection.Liver metastases were detected by in vivo bioluminescence imaging 3
weeks after injection.The results showed that RNF144A-AS1 gene knockout signi�cantly reduced the
number and size of liver metastases (Fig. 7A,7B). We extracted total RNA from serum exosomes and liver
tumor tissues, and detected RNF144A-AS1 by qRT-PCR. The results showed that the expression of
exosomal RNF144A-AS1 was linearly related to the expression of RNF144A-AS1 in nude mouse cancer
tissues (Fig. 7C). qRT-PCR was used to detect the level of miR-361-3p in tumor tissues, and it was found
that it was negatively correlated with the level of RNF144A-AS1 (Fig. 7D). H&E staining and IHC results
showed that the staining of IGF2BP1, POU2F2 and HOXA3 in liver metastases in the RNF144A-AS1 gene
knockout group was signi�cantly reduced (Fig. 7E,7F). This study con�rmed that RNF144A-AS1 can be
delivered to distal sites through exosomes and detected in the peripheral circulation, suggesting that
RNF144A-AS1 may become a promising biomarker for predicting GCLM.

Discussion
With the advent of next-generation sequencing, a large number of lncRNAs have been identi�ed from the
human genome. Many studies have shown that lncRNA is differentially expressed in tumor tissues and
normal tissues, and may play an important role in the occurrence and development of tumors(9, 15, 20,
21).However, the biological function of lncRNAs in GCLM is not very clear. Using high-throughput chip
technology, we found that RNF144A-AS1 was signi�cantly up-regulated in GC tissues with liver
metastases. Compared with healthy people, RNF144A-AS1 was abundant and highly expressed in serum
exosomes of patients with GC After gastrectomy, RNF144A-AS1 in serum exosomes decreased,
suggesting that GC tissue is the source of RNF144A-AS1 in serum exosomes. In addition, it was found
that RNF144A-AS1 overexpression is related to GCLM, TNM staging, and poor prognosis of GC cells. We
found that overexpression of RNF144A-AS1 in exosomes can promote the growth and invasion of co-
cultured GC cells in vitro. The down-regulation of RNF144A-AS1 induced the proliferation, migration, and
invasion of GC cells in vitro and inhibit GCLM cells in nude mice,. These results indicate that RNF144A-
AS1 is an ideal biomarker for the diagnosis and prognosis of liver metastases from GC.

LncRNAs have been reported to function in multiple steps of gene regulation by sponges for miRNAs
(16–18), scaffolds of protein-protein interactions (12, 13), decoys of proteins (14, 15),and serving as
guides of chromatin-modifying complexes (9, 10), etc. Recent advances in studying the ncRNAs, such as
lncRNAs and miRNAs, reveal the existence of complex RBP–ncRNA interactions that function in multiple
biological processes such as epigenetic, transcriptional and post-transcriptional events (50. In this study,it
We found that RNF144A-AS1 interaction with PUF60 protein by RNA pull-down, protein mass
spectrometry,western blot,and rescue experiments in GC cells. In addition, RNF144A-AS1 binds to miR-
361-3p and reduces the expression of the latter. miR-361-2p has low expression in malignant solid tumors
such as prostate cancer (51), ovarian cancer (52), GC (53), non-small cell lung cancer (54, 55) and has
been con�rmed as a tumor suppressor. In this study, it was found that miR-361-3p was low expressed in
GC tissues and negatively correlated with RNF144A-AS1 expression. The downstream target genes
IGF2BP1 and POU2F2 of miR-361-3p are expressed in the opposite way to miR-361-3p and are highly
expressed in GC.
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Transcription factors play an important role in regulating gene expression. Is the abnormal up-regulation
of RNF144A-AS1 in GC related to the activation of related transcription factors? Online database analysis
found that transcription factor HOXA3 and genes are bound to the promoter region of RNF144A-AS1.
HOXA3 is a member of the homeobox genes (HOX) family. HOX genes are a class of genes that are
highly conserved in evolution and can regulate the normal development of the body. Such as
participating in the formation and remodeling of the aortic arch (56) and controlling the early embryonic
development of the pharyngeal organs (57). Recent studies have found that HOXA3 is highly expressed in
breast cancer (58), renal clear cell carcinoma (59) and T-cell lymphoblastic lymphoma (60), and is related
to cancer cell proliferation and invasion. This study shows that HOXA3 is highly expressed in GC tissues
and cells, and is positively correlated with RNF144A-AS1. It was also found that knocking down the
expression of HOXA3 can reverse the up-regulation of RNF144A-AS1 to promote the proliferation,
migration, and invasion of GC cells. This indicates that the high expression of RNF144A-AS1 in GC is
likely to be regulated by HOXA3 transcription.

Conclusions
In summary, we proved that RNF144A-AS1 is up-regulated in GC patients and is related to GCLM, late
TNM staging, and poor prognosis. RNF144A-AS1 can up-regulate IGF2BP1 and POU2F2 through sponge
miR-361-3p, and promote the occurrence of liver development and metastasis of GC by interacting with
PUF60. The overexpression of RNF144A-AS1 is related to the activation of the cancer-promoting
transcription factor HOXA3 (Fig. 8). Serum exosomal liquid biopsy for RNF144A-AS1 is helpful for the
diagnosis and prognosis prediction of GCLM. Therefore, RNF144A-AS1 may be a promising biomarker for
the diagnosis and prognosis of GCLM, and one of the potential targets for the treatment of GCLM.

Abbreviations
GC: Gastric cancer; GCLM :Gastric cancer with liver metastasis; lncRNA: Long noncoding RNA; miRNAs:
MicroRNAs; mRNA: Messenger RNA; CeRNA: Competing endogenous RNA; OS: Overall survival; PFS:
Progression-free survival; NC: Negative control; qRT-PCR: Quantitative real-time PCR; RNA-seq: RNA
sequencing; FISH: RNA �uorescence in situ hybridization; RIP:RNA immunoprecipitation. CCK8: Cell
counting kit-8; IHC: Immunohistochemistry.

Declarations
Ethics approval and consent to participate

This study was approved by the Medical Ethics Committee of the A�liated People's Hospital of Jiangsu
University with the written informed consent of all participants.

Consent for publication

The authors declare that they agree to submit the article for publication.



Page 16/31

Availability of data and materials

All data and materials supporting the �ndings of this work are available from its supplementary
information �les and from the corresponding author upon reasonable request.

Competing interests

The authors declare that they have no competing interests.

Funding

This work was supported by grants from Jiangsu Innovative Team Leading Talent Fund (CXTDC2016006,
QNRC2016446), Jiangsu 333 Talent Fund (BRA2020016),Jiangsu Provincial Key Research and
Development Special Fund (BE2015666), Jiangsu Six High Peak Talent Fund (WSW-205,WSW236),
Zhenjiang Key Research and Development Fund (SH2021038),Suqian Science and Technology Support
Project Fund (K201907).

Authors' contributions

YF and YL provided direction and guidance throughout the preparation of this manuscript. RH and HZ
wrote and edited the manuscript. LH,ZD,SX,JH and Y.Z collected and prepared the related papers. YL and
HZ reviewed and made signi�cant revisions to the manuscript. All authors have read and approved the
�nal manuscript.

Acknowledgements

We appreciate Ph.D. Weiting Ge for providing technical assistance. 

References
1. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A.Global cancer statistics, 2012. CA

Cancer J Clin.2015;65: 87-108.

2. Van Cutsem E, Sagaert X, Topal B, Haustermans K, Prenen H.Gastric cancer. Lancet.2016; 388:2654-
2664.

3. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2017. CA Cancer J Clin.2017;67: 7-30.

4. Shitara K, Ikeda J, Kondo C, Takahari D, Ura T, Muro K, Matsuo K.Reporting patient characteristics
and strati�cation factors in randomized trials of systemic chemotherapy for advanced gastric
cancer. Gastric Cancer.2012;15:137-43.

5. Whiting J, Sano T, Saka M, Fukagawa T, Katai H, Sasako M.Follow-up of gastric cancer: a review.
Gastric Cancer.2006;9:74-81.

�. Shimada H, Noie T, Ohashi M, Oba K, Takahashi Y. Clinical signi�cance of serum tumor markers for
gastric cancer: a systematic review of literature by the Task Force of the Japanese Gastric Cancer



Page 17/31

Association. Gastric Cancer.2014;17:26-33.

7. Fatica A, Bozzoni I. Long non-coding RNAs: new players in cell differentiation and development. Nat
Rev Genet. 2014; 15:7–21.

�. Huarte M. The emerging role of lncRNAs in cancer. Nat Med. 2015; 21:1253–1261.

9. Gupta RA, Shah N, Wang KC, Kim J, Horlings H.M, Wong DJ, Tsai MC, Hung T, Argani P, Rinn JL,
Wang Y, Brzoska P, Kong B, Li R, West RB, van de Vijver MJ, Sukumar S, Chang HY. Long non-coding
RNA HOTAIR reprograms chromatin state to promote cancer metastasis. Nature. 2010; 464:1071–
1076.

10. Wang KC, Yang YW, Liu B, Sanyal A, Corces-Zimmerman R, Chen Y, Lajoie B.R, Protacio A, Flynn RA,
Gupta RA, Wysocka J, Lei M, Dekker J, Helms JA, Chang HY. A long noncoding RNA maintains active
chromatin to coordinate homeotic gene expression. Nature. 2011; 472:120–124.

11. Ng SY, Bogu GK, Soh BS, Stanton LW. The long noncoding RNA RMST interacts with SOX2 to
regulate neurogenesis. Mol. Cell. 2013; 51:349–359.

12. Xing Z, Lin A, Li C, Liang K, Wang S, Liu Y, Park PK, Qin L, Wei Y, Hung MC, Chunru Lin C5, Liuqing
Yang LQ lncRNA directs cooperative epigenetic regulation downstream of chemokine signals. Cell.
2014; 159:1110–1125.

13. Tsai MC, Manor O, Wan Y, Mosammaparast N, Wang JK, Lan F, Shi Y, Segal E, Chang HY.Long
noncoding RNA as modular scaffold of histone modi�cation complexes. Science. 2010; 329:689–
693.

14. Di Ruscio A, Ebralidze AK, Benoukraf T, Amabile G, Goff LA, Terragni J, Figueroa ME, De Figueiredo
Pontes LL, Alberich-Jorda M, Zhang P, Wu M, D'Alò F, Melnick A, Leone G, Ebralidze KK, Pradhan S,
Rinn JL, Tenen DG..DNMT1-interacting RNAs block gene-speci�c DNA methylation. Nature. 2013;
503:371–376.

15. Xie M, Yu T, Jing X, Ma L, Fan Y, Yang F, Ma P, Jiang H, Wu X, Shu Y, Xu T.Exosomal circSHKBP1
promotes gastric cancer progression via regulating the miR-582-3p/HUR/VEGF axis and suppressing
HSP90 degradation. Mol Cancer. 2020,29;19(1):112.

1�. Hansen TB, Jensen TI, Clausen BH, Bramsen JB, Finsen B, Damgaard CK, Kjems J. Natural RNA
circles function as e�cient microRNA sponges. Nature. 2013; 495:384–388.

17. Meister G, Landthaler M, Patkaniowska A, Dorsett Y, Teng G, Tuschl T.Human Argonaute2 mediates
RNA cleavage targeted by miRNAs and siRNAs. Mol Cell.2004;15:185-97.

1�. Kim J, Abdelmohsen K, Yang X, De S, Grammatikakis I, Noh JH, Gorospe M. LncRNA OIP5-
AS1/cyrano sponges RNA-binding protein HuR. Nucleic Acids Res. 2016; 44:2378–2392.

19. Yan X, Hu Z, Feng Y, Hu X, Yuan J, Zhao SD, Zhang Y, Yang L, Shan W, He Q, Fan L, Kandalaft LE,
Tanyi JL, Li C, Yuan CX, Zhang D, Yuan H, Hua K, Lu Y, Katsaros D, Huang Q, Montone K, Fan Y,
Coukos G, Boyd J, Sood AK, Rebbeck T, Mills GB, Dang CV, Zhang L.Comprehensive genomic
characterization of long non-coding RNAs across human cancers. Cancer Cell. 2015; 28:529–540.

20. Mourtada-Maarabouni M, Pickard MR, Hedge VL, Farzaneh F, Williams GT. GAS5, a non-protein-
coding RNA, controls apoptosis and is downregulated in breast cancer. Oncogene. 2009; 28:195–



Page 18/31

208.

21. Prensner JR, Iyer MK, Sahu A, Asangani IA, Cao Q, Patel L, Vergara IA, Davicioni E, Erho N, Ghadessi
M, Jenkins RB, Triche TJ, Malik R, Bedenis R, McGregor N, Ma T, Chen W, Han S, Jing X, Cao X, Wang
X, Chandler B, Yan W, Siddiqui J, Kunju LP, Dhanasekaran SM, Pienta KJ, Feng FY, Chinnaiyan AM.
Nat Genet. 2013; 45:1392–1398.

22. Harding CV, Heuser JE, Stahl PD. Exosomes: looking back three decades and into the future. J Cell
Biol.2013;200: 367-71.

23. Azmi AS, Bao B, Sarkar FH. Exosomes in cancer development, metastasis, and drug resistance: a
comprehensive review. Cancer Metastasis Rev.2013;32: 623-42.

24. Wang W, Han Y, Jo HA, Lee J, Song YS. Non-coding RNAs shuttled via exosomes reshape the hypoxic
tumor microenvironment. J Hematol Oncol.2020;13:67.

25. Kok VC, Yu CC. Cancer-Derived Exosomes: Their Role in Cancer Biology and Biomarker Development.
Int J Nanomedicine.2020;15:8019-8036.

2�. Cheng J, Meng J, Zhu L, Peng Y. Exosomal noncoding RNAs in Glioma: biological functions and
potential clinical applications. Mol Cancer.2020;19(1):66.

27. Baassiri A, Nassar F, Mukherji D, Shamseddine A, Nasr R, Temraz S. Exosomal Non Coding RNA in
LIQUID Biopsies as a Promising Biomarker for Colorectal Cancer. Int J Mol Sci. 2020;21:1398.

2�. Jiang N, Pan J, Fang S, Zhou C, Han Y, Chen J, Meng X, Jin X, Gong Z. Liquid biopsy: Circulating
exosomal long noncoding RNAs in cancer. Clin Chim Acta.2019;495:331-337.

29. Youse� H, Maheronnaghsh M, Molaei F, Mashouri L, Reza Aref A, Momeny M,Alahari SK. Long
noncoding RNAs and exosomal lncRNAs: classi�cation, and mechanisms in breast cancer
metastasis and drug resistance. Oncogene 2020;39:953-974.

30. Wu Z, Xu Z, Yu B, Zhang J, Yu B. The Potential Diagnostic Value of Exosomal Long Noncoding RNAs
in Solid Tumors: A Meta-Analysis and Systematic Review. Biomed Res Int. 2020;2020:6786875.

31. Lu X, Zhang Y, Xie G, Ding Y, Cong H, Xuan S. Exosomal non-coding RNAs: Novel biomarkers with
emerging clinical applications in gastric cancer (Review). Mol Med Rep .2020;22 :4091-4100.

32. Rahmutulla B, Matsushita K, Satoh M, Seimiya M, Tsuchida S, Kubo S, Shimada H, Ohtsuka M,
Miyazaki M, Nomura F.Alternative splicing of FBP-interacting repressor coordinates c-Myc,
P27Kip1/cyclinE and Ku86/XRCC5 expression as a molecular sensor for bleomycin-induced DNA
damage pathway.Oncotarget.2014;5:2404-17.

33. Matsushita K, Tomonaga T, Shimada H, Shioya A, Higashi M, Matsubara H, Harigaya K, Nomura F,
Libutti D, Levens D, Ochiai T.An essential role of alternative splicing of c-myc suppressor FUSE-
binding protein-interacting repressor in carcinogenesis.Cancer Res. 2006;66:1409-17.

34. Cheng L, Wang P, Yang S, Yang Y, Zhang Q, Zhang W, Xiao H, Gao H, Zhang Q. Identi�cation of genes
with a correlation between copy number and expression in gastric cancer. BMC Med
Genomics.2012;5:14.



Page 19/31

35. Malz M, Bovet M, Samarin J, Rabenhorst U, Sticht C, Bissinger M, Roessler S, Bermejo JL, Renner M,
Calvisi DF, Singer S, Ganzinger M, Weber A, Gretz N, Zörnig M, Schirmacher P, Breuhahn
K.Overexpression of far upstream element (FUSE) binding protein (FBP)-interacting repressor (FIR)
supports growth of hepatocellular carcinoma. Hepatology.2014;60:1241-1250.

3�. Ramakrishna M, Williams LH, Boyle SE, Bearfoot JL, Sridhar A, Speed TP, Gorringe KL, Campbell
IG.Identi�cation of candidate growth promoting genes in ovarian cancer through integrated copy
number and expression analysis.PLoS One.2010;5:e9983.

37. Kobayashi S, Hoshino T, Hiwasa T, Satoh M, Rahmutulla B, Tsuchida S, Komukai Y, Tanaka T, Anti-
FIRs (PUF60) auto-antibodies are detected in the sera of early-stage colon cancer patients.
Oncotarget.2016;7 :82493-82503.

3�. Fakhraldeen SA, Clark RJ, Roopra A, Chin EN, Huang W, Castorino J, Wisinski KB, Kim T, Spiegelman
VS, Alexander CM.Two isoforms of the RNA binding protein, coding region determinantbinding
protein (CRD-BP/IGF2BP1), are expressed in breast epithelium and support clonogenic growth of
breast tumor cells. J Biol Chem.2015;290:13386-400.

39. Huang X, Zhang H, Guo X, Zhu Z, Cai H, Kong X. Insulin-like growth factor 2 mRNA-binding protein 1
(IGF2BP1) in cancer. J Hematol Oncol.2018;11:88.

40. Bell JL, Wächter K, Mühleck B, Pazaitis N, Köhn M, Lederer M, Hüttelmaier S.Insulin-like growth factor
2 mRNA-binding proteins (IGF2BPs): post-transcriptional drivers of cancer progression? Cell Mol Life
Sci.2013;70:2657-75.

41. Lederer M, Bley N, Schleifer C, Hüttelmaier S. The role of the oncofetal IGF2 mRNA-binding protein 3
(IGF2BP3) in cancer. Semin Cancer Biol.2014;29:3-12.

42. Wang X, Guan D, Wang D, Liu H, Wu Y, Gong W, Du M, Chu H, Qian J, Zhang Z.Genetic variants in
m6A regulators are associated with gastric cancer risk. Arch Toxicol. 2021;95:1081-1088.

43. Xiao J, Lin L, Luo D, Shi L, Chen W, Fan H, Li Z, Ma X, Ni P, Yang L, Xu Z.Long noncoding RNA TRPM2-
AS acts as a microRNA sponge of miR-612 to promote gastric cancer progression and
radioresistance. Oncogenesis.2020;9:29.

44. Saito M, Tanaka S, Mori A, Toyoshima N, Irie T, Morioka M.Primary gastric Hodgkin’s lymphoma
expressing a B-Cell pro�le including Oct-2 and Bob-1 proteins. Int J Hematol. 2007;85:421-5.

45. Marin-Muller C, Li D, Bharadwaj U, Li M, Chen C, Hodges SE, Fisher WE, Mo Q, Hung MC, Yao Q.A
tumorigenic factor interactome connected through tumor suppressor microRNA-198 in human
pancreatic cancer.Clin Cancer Res. 2013;19:5901-13.

4�. Hippo Y, Taniguchi H, Tsutsumi S, Machida N, Chong JM, Fukayama M, Kodama T, Aburatani
H.Global gene expression analysis of gastric cancer by oligonucleotide microarrays. Cancer Res
Cancer Res.2002;62:233-40.

47. Wang SM, Tie J, Wang WL, Hu SJ, Yin JP, Yi XF, Tian ZH, Zhang XY, Li MB, Li ZS, Nie YZ, Wu KC, Fan
DM. POU2F2-oriented network promotes human gastric cancer metastasis. Gut. 2016;65:1427-38.

4�. Zhou L, Xu XL. Long Non-Coding RNA ARAP1-AS1 Facilitates the Progression of Cervical Cancer by
Regulating miR-149-3p and POU2F2. Pathobiology. 2021;7:1-12.



Page 20/31

49. Bi H, Shang Z, Jia C, Wu J, Cui B, Wang Q, Ou T. LncRNA RNF144A-AS1 Promotes Bladder Cancer
Progression via RNF144A-AS1/miR-455-5p/SOX11 Axis. Onco Targets Ther. 2020;13:11277-11288.

50. Ferrè F, Colantoni A, Helmer-Citterich M. Revealing protein-lncRNA interaction. Brief. Bioinform.
2016;17:106–116.

51. Guzel E, Karatas OF, Semercioz A, Ekici S, Aykan S, Yentur S, Creighton CJ,Ittmann M, Ozen M.
Identi�cation of microRNAs differentially expressed in prostatic secretions of patients with prostate
cancer. Int J Cancer.2015;136:875-9.

52. Wang L, Ren C, Xu Y, Yang L, Chen Y, Zhu Y. The LINC00922 aggravates ovarian cancer progression
via sponging miR-361-3p. J Ovarian Res.2021;14:77.

53. Cui X, Zhang H, Chen T, Yu W, Shen K. Long Noncoding RNA SNHG22 Induces Cell Migration,
Invasion, and Angiogenesis of Gastric Cancer Cells via microRNA-361-3p/HMGA1/Wnt/β-Catenin
Axis. Cancer Manag Res.2020;12:12867-12883.

54. Chen L, Nan A, Zhang N, Jia Y, Li X, Ling Y, Dai J, Zhang S, Yang Q, Yi Y,Jiang Y. Circular RNA 100146
functions as an oncogene through direct binding to miR-361-3p and miR-615-5p in non-small cell
lung cancer. Mol Cancer.2019;18:13.

55. Chen W, Wang J, Liu S, Wang S, Cheng Y, Zhou W, Duan C, Zhang C.MicroRNA-361-3p suppresses
tumor cell proliferation and metastasis by directly targeting SH2B1 in NSCLC. J Exp Clin Cancer
Res.2016;35:76.

5�. Kameda Y. Hoxa3 and signaling molecules involved in aortic arch patterning and remodeling. Cell
Tissue Res.2009;336:165-78.

57. Gordon J. Hox genes in the pharyngeal region: how Hoxa3 controls early embryonic development of
the pharyngeal organs. Int J Dev Biol.2018;62:775-783.

5�. Zhang L, Ding F. Hsa_circ_0008945 promoted breast cancer progression by targeting miR-338-3p.
Onco Targets Ther.2019;12:6577-6589.

59. He C, Chen ZY, Li Y, Yang ZQ, Zeng F, Cui Y, He Y, Chen JB, Chen HQ. miR-10b suppresses cell invasion
and metastasis through targeting HOXA3 regulated by FAK/YAP signaling pathway in clear-cell renal
cell carcinoma. BMC Nephrol. 2019;20:127.

�0. Wang L, Sui M, Wang X. miR-338-3p suppresses the malignancy of T-cell lymphoblastic lymphoma
by downregulating HOXA3. Mol Med Rep.2019;20:2127-2134.

Figures



Page 21/31

Figure 1

Identi�cation of RNF144A-AS1 as a biomarker of GCLM. (A)box plot of lncRNA showing the differentially
expressed lncRNAs in paired human GC tissues and matched normal tissues (n =6).(B)Volcano plot
showing lncRNAs that changed signi�cantly between GC tissues and normal tissues. (C)Cluster heatmap
showing the differentially expressed lncRNAs in paired human GC tissues and normal tissues (n=6). The
lncRNAs were classi�ed according to the Pearson correlation test.
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Figure 2

Clinical signi�cance of RNF144A-AS1 as a biomarker for GC.(A) Expression of RNF144A-AS1 in GC
tissue(n = 120,P< 0.001).B ROC curve. C-D, Analysis of disease free survival(DFS) and overall survival(OS)
with high and low expression of RNF144A-AS1 in GC tissue. (E-F) Identi�cation of exosomes of serum by
TEM and western blot. G. Correlation of RNF144A-AS1 expression between GC tumors and serum
exosomes (R2= 0.3616, p = 0.0050).(H)Levels of exosomal RNF144A-AS1 before and after gastrectomy
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(n =20). Quantitative data from three independent experiments are shown as the mean ± SD (error bars).
*P < 0.05, **P < 0.01, ***P < 0.001 (Student’s t-test)

Figure 3

RNF144A-AS1 promotes GC cell proliferation, migration, and invasion in vitro. (A)Level of RNF144A-AS1
in AGS, HGC27, MKN45, and GES1 cells and their medium-derived exosomes, as determined by qRT-PCR.
B.Level of RNF144A-AS1 in exosomes of HGC27, MKN45, and GES1 cells. (C-D) Identi�cation of medium
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exosomes of HGC27 cells by TEM and western blot. (E)Assessment of the proliferation of HGC27 cells
transfected with control or RNF144A-AS1 siRNAs, or control vector or RNF144A-AS1 plasmid by CCK8
assay. (F)Assessment of the invasion of HGC27 cells transfected with control or RNF144A-AS1 siRNAs, or
control vector or RNF144A-AS1 plasmid by wound healing assay. (G-H)Assessment of the migration and
invasion of HGC27 cells transfected with control or RNF144A-AS1 siRNAs, or control vector or RNF144A-
AS1 plasmid by Transwell assay. (I)Exosome RNF144A-AS1 expression transfected with control or
RNF144A-AS1 siRNAs, or control vector or RNF144A-AS1 plasmid.(J)Assessment of the proliferation of
HGC27 cells cocultured with RNF144A-AS1-overexpressing exosomes or normal exosomes for 48 h at
different concentrations by CCK8 assay.(K-L)Assessment of the invasion of HGC27 cells co-cultured with
RNF144A-AS1-overexpressing exosomes or normal exosomes by Transwell assay. Quantitative data from
three independent experiments are shown as the mean ± SD (error bars). *P < 0.05, **P < 0.01, ***P <
0.001(Student’s t-test)
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Figure 4

RNF144A-AS1directly interacts with PUF60. (A)Silver staining of RNF144A-AS1pulldown. Arrows show
different bands between RNFA44A-AS1 and NC. (B) List of the top 10 differentially expressed proteins
identi�ed by mass spectrometry. (C) Level of RNF144A-AS1detected by qRT-PCR after RIP for PUF60 in
HGC27 cells. (D) Expression of PUF60 in GC tumors tissues. (E) Correlation of PUF60 protein and
RNF144A-AS1expression in GC tissues (R2 = 0.177, P<0.001). (F-G) Level of mRNA and protein of PUF60
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in HGC27 cells transfection with OE-RNF144A-AS1, and si-RNF144A-AS1.(H)Effects of PUF60 up-
regulation on inhibition in migration by downregulation of RNF144A-AS1 in HGC27 cells by wound
healing assay.(I)Effects of PUF60 down-regulation on inhibition in invasion by RNF144A-
AS1overexpression in GC cells by transwell assay. Quantitative data from three independent experiments
are shown as the mean ± SD (error bars). *P < 0.05, **P < 0.01, and ***P < 0.001.

Figure 5
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RNF144A-AS1 serves as a sponge of miR-361-3p. (A)The abundance of RNF144A-AS1 in either the
cytoplasm or nucleus of HGC27 cells was detected by qRT-PCR. (B) Localization of RNF144A-AS1 in
HGC27 cells detected by FISH. (C-D)Level of RNF144A-AS1 detected by qRT-PCR after RIP for Ago2 in
HGC27 cells. E. Levels of miR-361-3p, miR-6195p, and miR-4729 in HGC27 cells transfected with control
vector or RNF144A-AS1 plasmid detected by qRT-PCR. (F) Structure of the pmirGLO vector and schematic
graph of potential binding sites between RNF144A-AS1 and miR-361-3p or miR-619-5p. (G-H) Dual-
luciferase reporter assay used to detect the relative luciferase activity (�re�y/renilla) in HEK-293 T cells
cotransfected with miR-361-3p mimics and pmirGLO-RNF144A-AS1-miR-361-3p WT/MUT. (I-J) The level
of miR-361-3p and its correlation with RNF144A-AS1 expression in GC tissue. (K)The target genes of miR-
361-3p were screened from Targetscan, miRDB, TarBase, and miRWalk databases. L. some results of
RNA sequencing in RNF144A-AS1 overexpression HGC27 cells. (M-N)Correlation of IGF2BP1, POU2F2
and miR-361-3p expression in GC tissue. (O-P) Correlation of IGF2BP1, POU2F2, and RNF144A-AS1
expression in GC tissue. (Q–U) qRT-PCR and Western blot were employed for examining the effects of
downregulation and upregulation of miR-361-3p on the IGF2BP1 and POU2F2 gene and protein
expression. (V) regulatory role of RNF144A-AS1 down expression on the IGF2BP1 and POU2F2 protein
level was examined by Western blot. (W)Western blot was adopted for determining the regulatory effect
of RNF144A-AS1 overexpression on the IGF2BP1 and POU2F2 protein level and the regulatory role of miR-
361-3p mimic on the upregulation of IGF2BP1 and POU2F2 induced by RNF144A-AS1 overexpression. (X)
Transwell assay was conducted for examining the functions of miR-361-3p overexpression on the
migration ability of HGC27 cells with RNF144A-AS1 overexpression. ∗P < 0.05, ∗∗P < 0.01, and ∗∗∗P <
0.001
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Figure 6

Regulation of transcription factor HOXA3 on RNF144A-AS1 in the GC cell. (A) The transcription factors
bound to the RNF144A-AS1 promoter were analyzed by online software. (B)The interaction between
HOXA3 and RNF144A-AS1 was detected by luciferase. (C)Level of HOXA3 mRNA in GC tissue by qRT-
PCR. (D)Correlation of HOXA3 mRNA and RNF144A-AS1expression in GC tissues (R2 = 0.325, P<0.001).
(E) Effects of HOXA3 siRNA on RNF144A-AS1 expression in HGC27 cells. (F)Effects of HOXA3 down-
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regulation on reinforcement in proliferation by up-regulation of RNF144A-AS1in HGC27 cells by CCK-8
assay. (G) Effects of HOXA3 down-regulation on reinforcement in migration by up-regulation of RNF144A-
AS1in HGC27 cells by wound healing assay. H. Effects of HOXA3 down-regulation on reinforcement in
invasion by up-regulation of RNF144A-AS1in HGC27 cells by transwell assay. Quantitative data from
three independent experiments are shown as the mean ± SD (error bars). *P < 0.05, **P < 0.01, and ***P <
0.001.

Figure 7



Page 30/31

RNF144A-AS1 promotes GC metastasis in vivo . (A,B)Bioluminescence imaging (BLI) of mice 7 weeks
after LV3-sh-NC, LV3-sh-RNF144A-AS1 (n = 3 per group).Liver weight were measured at the end point. (C)
Average liver weight of nude mice model (n = 3).(D) Correlation of RNF144A-AS1 expression between
xenograft tumors and serum exosomes of mice (R2 = 0.7865, P =0.0449). (E) Correlation of RNF144A-
AS1 and miR-361-3p expression in liver tumors (R2 = 0.0353, P = 0.8167). (F-G)Representative images of
H&E staining and IHC of IGF2BP1, and POU2F2 and HOXA3 in liver metastatic lesions of mice.
Quantitative data from three independent experiments are shown as the mean ± SD (error bars). *P <
0.05, **P < 0.01, ***P < 0.001(Student’s t-test)

Figure 8

Schematic of the action of RNF144A-AS1 regulating GCLM
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