Received: 26 July 2021 | Revised: 30 March 2022

Accepted: 29 April 2022

DOI: 10.1111/cas.15394

ORIGINAL ARTICLE

Cancer Science fW%15%

Oncogenic LINCO0857 recruits TFAP2C to elevate FAT1
expression in gastric cancer

Wenqing Zhang? | Kaiyue Ji' | Congcong Min? | Cuiping Zhang! | Lin Yang® |

Qi Zhang! | Zibin Tian® | Mengyuan Zhang! | Xinyu Wang! | Xiaoyu Lit

1Department of Gastroenterology, The
Affiliated Hospital of Qingdao University,
Qingdao, China

ZHospitaI of Qingdao University, Qingdao,
China

Correspondence

Xiaoyu Li, Department of
Gastroenterology, The Affiliated Hospital
of Qingdao University, No. 16, Jiangsu
Road, Qingdao 266000, Shandong
Province, China.

Email: lixiaoyu05@163.com

Funding information

National Natural Science Foundation of
China, Grant/Award Number: 81802777,
"Clinical Medicine + X" Scientific Research
Project of Affiliated Hospital of Qingdao
University; Shandong Province Graduate
Students Education Quality Improvement
Project, Grant/Award Number:
SDYJG21110

1 | INTRODUCTION

Abstract

FAT atypical cadherin 1 (FAT1) is a mutant gene frequently found in human cancers
and mainly accumulates at the plasma membrane of cancer cells. Emerging evidence
has implicated FAT1 in the progression of gastric cancer (GC). This study intended
to identify a regulatory network related to FAT1 in GC development. Upregulated
expression of FAT1 was confirmed in GC tissues, and silencing FAT1 was observed to
result in suppression of GC cell oncogenic phenotypes. Mechanistic investigation re-
sults demonstrated that FAT1 upregulated AP-1 expression by phosphorylating c-JUN
and c-FOS, whereas LINCO0857 elevated the expression of FAT1 by recruiting a tran-
scription factor TFAP2C. Functional experiments further suggested that LINCO0857
enhanced the malignant biological characteristics of GC cells through TFAP2C-
mediated promotion of FAT1. More importantly, LINCOO857 silencing delayed the
tumor growth and blocked epithelial-mesenchymal transition in tumor-bearing mice,
which was associated with downregulated expression of TFAP2C/FAT1. To conclude,
LINCO00857 plays an oncogenic role in GC through regulating the TFAP2C/FAT1/AP-1
axis. Therefore, this study contributes to extended the understanding of gastric car-

cinogenesis and LINCO0857 may serve as a therapeutic target for GC.
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both males and females in China and accounts for 57% of cancers

Gastric cancer remains one of the most prevalent malignant tumors
associated with high mortality and imposes high global disease
burden.! It is the fifth most frequently occurring malignancy and
the third most common death-related cause of cancer on a global

basis.? GC is considered as the most common cancer diagnosed in

diagnosed in China.® The investigations of molecular and clinical
characteristics of GC have been complicated due to heterogeneous
histologic and etiologic properties.*

Emerging evidence has indicated the active role of IncRNAs
in tumorigenesis, metastasis, drug resistance, and prognosis of

GC through several molecular mechanisms.®> LINCO0857 as a

Abbreviations: AP-1, activator protein-1; EMT, epithelial-mesenchymal transition; FAT1, FAT atypical cadherin 1; GC, gastric cancer; IncRNAs, long noncoding RNAs; Mut, mutant; NC,
negative control; OS, overall survival; RIP, RNA binding protein immunoprecipitation; RT-qPCR, reverse transcription quantitative PCR; WHO, World Health Organization; Wt, wild type.
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upregulated IncRNA in GC tissues relative to adjacent normal tis-
sues, has been demonstrated as a potential marker for GC diagno-
sis in the initial discovery phase.6 Bioinformatics analysis using the
RPISeq database suggested an interaction between LINCO0857 and
transcription factor activating protein 2gamma (TFAP2C), which is
a transcription factor of the AP2 family, and is upregulated during
the transition from primed to naive, being widespread at the naive-
specific enhancer.” TFAP2C has been reported to associate with the
super-enhancer in GC.% In addition, amplified TFAP2C expression
links to advanced clinicopathological characteristics, poor prognosis,
and accelerated disease progression in colorectal cancer, another
kind of gastrointestinal cancer.’

Of note, our bioinformatics analysis based on the JASPAR da-
tabase indicated putative regulation of TFAP2C to FAT1. FAT1 is a
cellular factor functioning as a driver of gastric carcinogenesis, the
mRNA of which has been expressed in embryonic stem cells, neu-
ral tissues, GC, colorectal cancer, pancreatic cancer, lung cancer,
breast cancer, and brain tumors.’® FAT1 represents an adhesion
molecule promoting cell invasion; its silencing by the drug verte-
porfin can suppress the metastatic potential of GC, and therefore
may serve as a promising therapeutic strategy against GC.M FAT1
acts as an upstream regulator of the transcription factor AP-1,
then affecting the oncogenic and inflammatory pathways in glioma
cells.*? The reduced activity of AP-1 contributes to the suppres-
sion of GC cell proliferation and invasion ability as well as slowed
tumor growth.®® Here, our study was conducted to determine the
network among LINCO0857, TFAP2C, FAT1, and AP-1 signaling,
and to testify if the aforementioned network was involved in the
carcinogenesis of GC.

2 | MATERIALS AND METHODS

2.1 | Ethics statement

The current study was performed with the approval of the ethics
committee of the Affiliated Hospital of Qingdao University and per-
formed in strict accordance with the Declaration of Helsinki. All par-
ticipants or legal guardians signed informed consent documentation.
Animal experiments were approved by the ethics committee of the
Affiliated Hospital of Qingdao University and strictly adhered to the
principles to minimize the pain, suffering, and discomfort to experi-
mental animals.

2.2 | Clinical sample collection

In total, 46 patients with GC who underwent surgery at the
Affiliated Hospital of Qingdao University from May 2012 to
December 2014 were enrolled in the current study. GC and adja-
cent normal tissue specimens were obtained and pathologically di-
agnosed. Classification and tumor staging were conducted based on
the criteria established by the WHO (2010) and UICC/AJCC TNM

classification (7th edition) along with Lauren's classification (intesti-
nal/diffused GC).* The basic information of patients was collected
from the medical record room, and all patients were followed up
to collect the clinical outcome information after treatment. The
Kaplan-Meier method was used to analyze the relationship be-
tween FAT1 expression and OS.

2.3 | Cell culture and treatment

GC cell lines of HGC27, MKN45 and normal gastric epithelial cells
GES-1 were acquired from Procell Life Science & Technology. These
cells were cultured in RPMI 1640 medium supplemented with 10%
FBS (Gibco), 10 pg/ml streptomycin and 100 U/ml penicillin (Gibco)
at 37°C, in 5% CO,,.

Cells were then transduced with lentivirus expressing shRNA
carrying sequences targeting FAT1 (sh-FAT1-1, sh-FAT1-2) TFAP2C
(sh-TFAP2C), or LINCO0857 (sh-LINC0O0857), or lentivirus over-
expressing them (oe-FAT1, oe-TFAP2C, oe-LINC00857), or the
corresponding negative control (sh-NC, oe-NC). All lentivirus
were synthesized by Shanghai Heyuan Biotechnology at a titer of
1 x107-1 x108. For transduction, cells in the logarithmic phase of
growth were seeded onto six-well plates (2 x10° cells/well). Upon
reaching a cell confluency of 60%, 800yl fresh virus solution was
mixed with 800 ul FBS and added with Polybrene to a final concen-
tration of 6 pg/ml, followed by incubation with the cells for 12-24 h.
The culture medium was then replaced by complete medium, at
which time cells were further cultured at 37°Cin 5% CO,. After 48h
of transduction, 2.5 pg/ml puromycin was used to screen cells for
7-10days, followed by RT-gPCR and western blot analyses to verify
successful transduction.

2.4 | RNA extraction and quantification

Total RNA was extracted from cells using TRIzol reagent (15596026,
Invitrogen) and subjected to reverse transcription using the Prime
Script RT reagent kit (RR0O47A) to obtain cDNA. RT-qPCR was then
performed with the use of an ABI PRISM 7500 instrument (Applied
Biosystems) and the Fast SYBR Green PCR kit (Applied Biosystems),
with three duplicate well sets for each sample. Primers used in the
assay are listed in Table S1. GAPDH was used as an internal refer-
ence, and the relative mRNA expression of tested genes was calcu-
lated using the 2722 method.

2.5 | Western blot analysis

Total protein of cells was extracted using RIPA lysis buffer contain-
ing protease inhibitors and phosphatase inhibitors, and the protein
concentration was then quantified using a bicinchoninic acid protein
assay kit. Next, the protein was separated by 10% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis and electro-transferred
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onto polyvinylidene fluoride membranes. The membrane was
blocked with 5% bovine serum albumin (BSA) at room tempera-
ture for 2h and probed overnight at 4°C with primary antibodies
to TFAP2C (rabbit, ab76007, 1:10,000), FAT1 (mouse, ab14381,
1:1000), N-cadherin (rabbit, ab76011, 1:1000), p-JUN (rabbit,
ab227533, 1:1000); c-Jun (rabbit, ab40766, 1:1000), p-FOS (rabbit,
ab222699, 1:1000), c-FOS (mouse, ab208942, 1:1000), AP-1 (rabbit,
ab230273, 1:1000), E-cadherin (rabbit, ab40772, 1:10,000), vimentin
(rabbit, ab92547, 1:1000), MMP2 (rabbit, ab92536, 1:1000) MMP9
(rabbit, ab76003, 1:1000), and p-actin (mouse, ab8226, 1:10,000).
Afterward, the membrane was re-probed with the horseradish
peroxidase-conjugated secondary goat anti-rabbit 1gG (ab205719,
1:2000, Abcam Inc.) or goat anti-mouse (ab97035, 1:2000, Abcam
Inc.) for 1h at room temperature. The blots were visualized using
ECL reagent, followed by exposure to X-ray film. With p-actin as the
internal reference, the band intensity was quantified using Image)
1.48 software.

2.6 | FISH assay and immunofluorescence staining

The subcellular localization of LINCO0857 was identified using the
Ribo™ IncRNA FISH Probe Mix (Red). HGC-27, MKN-45 and GES-1
cells were seeded into six-well culture plates (1 x10° cells/well).
Upon reaching ~80% cell confluence, the slides were fixed with
4% paraformaldehyde. and treated successively with proteinase K
(2 pg/ml), glycine, and acetamidine reagent, followed by the addi-
tion of prehybridization solution (250pl) and a 1-h incubation at
42°C. Then, cells were incubated overnight with hybridization so-
lution (250 ul) containing the probe (300ng/ml) overnight at 42°C.
After PBST washing, slides were permeabilized with 0.3% Triton X-
100, allowed to stand at room temperature for 30 min, blocked with
goat serum, and incubated overnight with primary antibody against
TFAP2C (1:200, ab110635, Abcam), followed by a 1-h incubation
with secondary antibody (1:200, ab150115, Abcam). Next, DAPI
(1:800) dye solution was added to stain the nucleus, and the cell
slides were mounted using an anti-fluorescence quencher. A fluo-
rescence microscope (Olympus Optical) was used for microscope
observation, in which five different visual fields were randomly se-

lected for each slide.

2.7 | RNA binding protein immunoprecipitation

Binding of LINCO0857 to TFAP2C protein was measured using the
MagNA RIP kit (Millipore). Cells were lysed on ice for 5 min with
RIPA lysis buffer, followed by a 10-min centrifugation (7000 g, 4°C),
and the supernatant was harvested. Next, with a portion of cell ex-
tract as input, the remaining was incubated with antibody for co-
precipitation. Briefly, 50 ul magnetic beads of each co-precipitation
reaction system was extracted and incubated with 5 pg antibody,

after which the magnetic bead-antibody complex was resuspended

in RIP Wash Buffer (900ul) and then incubated overnight at 4°C
with cell extract (100 pl). Thereafter, the bead-protein complex was
separated. The samples and input were detached using protease K,
and the RNA was then extracted for subsequent RT-qgPCR meas-
urement. The antibody used in this assay included rabbit antibody
against TFAP2C (ab76007, 1:500, Abcam Inc.) and goat anti-human
1gG (ab109489, 1:100, Abcam Inc.) as the NC.

2.8 | RNA pull-down assay

GC cells were transfected with 50nM biotin-labeled (Bio)-
LINC00857-wild type (Wt) and Bio-LINCO0857-mutant (Mut)
(Wuhan GeneCreate Biological Engineering). After 48h, cells were
harvested, incubated for 10min in lysis buffer (Ambion). After that,
the lysate was incubated with M-280 streptavidin magnetic bead
(Sigma) pre-coated with RNase-free BSA and yeast tRNA at 4°C for
3h. Next, the aforementioned cell lysate and the magnetic beads
were washed successively with pre-cooled lysis buffer, low salt
buffer, and high salt buffer. The TFAP2C expression was examined

by western blot analysis.

2.9 | Dual-luciferase reporter gene assay

The promoter fragment of FAT1 gene was amplified by PCR (as
shown in Table S2). The PCR primers were synthesized by Sangon
Biotech and cloned into pmirGLO vector (Promega). Wild type (Wt)
and mutant (Mut) recombinant dual-luciferase reporter plasmids
were constructed. 293T cells (from the ATCC) were treated with
TFAP2C recombinant protein or DMSO and pmirGLO-FAT1-Wt pro-
moter or pmirGLO-FAT1-Mut promoter. After 30h of transfection,
the cells were collected. The luciferase activity was detected using
a dual-luciferase reporter gene assay kit (Promega) with a Glomax
20/20 luminometer (YPH-Bio).

2.10 | Chromatin immunoprecipitation

GC cells were fixed with 1% formalin and incubated at 37°C for
10 min to produce DNA-protein cross-linking. Then, the cells were
added with glycine, mixed, and allowed to stand at room tempera-
ture for 5min to terminate the cross-linking. With the medium com-
pletely absorbed, the cells were collected in a 15-ml centrifuge tube
with a cell scraper for a 5-min centrifugation (1000 g) after precool-
ing. The supernatant was removed and cells were harvested, which
were lysed by sodium dodecyl sulfate lysis buffer and subjected to
ultrasonic cleavage (VCX750, 25% power, 4.5s impact, 9s interval, a
total of 14 times). After 10-min centrifugation (10,000 g), cells were
probed with the primary antibody anti-TFAP2C at 65°C for 3h to
relieve cross-linking, followed by RT-gPCR measurement of precipi-
tated DNA.
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211 | 5-Ethynyl-2'-deoxyuridine (EdU) assay

Cells were seeded into 24-well plates, with three replicates set
in each group, and incubated with EdU solution (10 pmol/L) for
2 h. The medium was removed, and cells were then incubated
with PBS solution containing 4% paraformaldehyde for 30 min at
room temperature. After PBS washing, cells were incubated first
with PBS containing 0.5% Triton-100 for 20 min at room tempera-
ture, and then with 100 pul Apollo staining solution for 30 min in
the dark. DAPI was added for 5 min for nuclear staining. Finally,
6-10 visual fields were randomly selected and observed under
a fluorescence microscope (FM-600, Shanghai Pudan Optical

Instrument).

2.12 | Transwell assay

Cells were resuspended in serum-free medium to a density of 2 x 10*
cells/ml. Matrigel-coated Transwell chambers were used to test cell
invasion, and uncoated chambers were used to examine cell migra-
tion. Next, 100l cell suspension was added to the upper Transwell
chamber, and 700 pl medium containing 20% FBS was added in the
lower chamber, followed by culture (5% CO,, 37°C) for 12-24h.
Then, the inner membrane of the chamber was gently wiped with a
cotton swab to remove the attached cells. The cells were fixed in 1%
glutaraldehyde for 30min, and stained with 0.1% crystal violet for
12h. The number of stained cells was counted under an inverted mi-
croscope (XDS-800D, Shanghai Caikon Optical Instrument) in 6-10
randomly selected visual fields.

2.13 | GC xenografts in nude mice

Male specific pathogen-free BALB/c nude mice (aged 6 weeks old,
weighing: 20-22g) were housed under conditions of 60-65% hu-
midity, 22 to 25°C, and a 12-h light/dark cycle, with free access to
food and water. The GC HGC-27 cells stably transduced with sh-
LINCO0857/sh-FAT1/oe-FAT1 were obtained, 1.5 x10° of which
were suspended in 0.1 ml serum-free medium. After a week of ac-
climatization, mice were grouped and subcutaneously injected on
the back with the corresponding cell suspension (100 ul). Following
this, the length and width of tumor xenografts were recorded every
10days, and the tumor size was calculated using the formula: vol-
ume = 0.5 xlength xwidth?. After 40days, mice were euthanized,
tumor xenografts were removed, and the weight and volume were

measured.

2.14 | Statistical analysis

SPSS 21.0 software (IBM Corp) was used for statistical data analy-
ses. The measurement data were presented as mean=+standard

deviation. Data between two groups were compared using inde-
pendent sample t-test, whereas those among multiple groups were
assessed using one-way ANOVA, followed by Tukey's post hoc
test. Statistical analysis in relation to time-based measurements
within each group was realized using repeated measures ANOVA
with Tukey's post hoc test. A p-value <0.05 was considered to be

statistically significant.

3 | RESULTS

3.1 | FAT1, highly expressed in GC tissues and cells,
is positively correlated with the pathological grade of
GC patients

We first investigated FAT1 expression in tumors included in The
Cancer Genome Atlas (TCGA), and found that it was increased in a
variety of tumors (Figure 1A). In the GC and adjacent normal sam-
ples retrieved from TCGA and GTEx, FAT1 expression exhibited an
obvious increase in GC samples (Figure 1B). In addition, the upregu-
lated MRNA and protein levels of FAT1 were verified in clinically col-
lected GC tissues (n = 46) relative to adjacent normal tissues (n = 46)
(Figure 1C,D).

Furthermore, analysis of pathological data of the enrolled pa-
tients displayed that FAT1 expression increased as the pathologi-
cal grade of GC went higher (Figure 1E). In addition, higher FAT1
expression was identified in diffused GC compared with intestinal
GC (Figure 1F). It can therefore be ascertained that FAT1 expres-
sion is correlated with GC grading/classification. Analysis on open
prognostic data then unveiled that the survival time of GC patients
with high FAT1 expression was shorter than that of patients with
low FAT1 expression (Figure 1G, p = 0.002), suggesting FAT1 to be
a prognostic factor for GC. Furthermore, an enhancement of FAT1
expression was confirmed in GC cell lines (HGC27 and MKN-45) rel-
ative to GES-1 cells (Figure 1H,1).

These results demonstrated that the upregulation of expression
of FAT1 occurred in both GC tissues and cells, which had correlations

with GC pathological grading and poor prognosis.

3.2 | Knocking down FAT1 attenuates GC
cell malignant behaviors in vitro and the GC cell
tumorigenicity in vivo

To probe into the effect of FAT1 on the growth of GC cells, we
constructed HGC27 and MKN-45 cells stably transduced with oe-
FAT1 and sh-FAT1, with the transfection efficiency determined
by western blot analysis and RT-qPCR. The knockdown efficiency
reached more than 70% (Figure 2A,B). Subsequent Transwell as-
says displayed that FAT1 overexpression enhanced the prolifera-
tive, migratory and invasive properties of GC cells, whereas the

opposite effects were noted in response to knockdown of FAT1
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(Figure 2C-E). In the tumor xenograft model in nude mice, overex-

pression of FAT1 potentiated the tumorigenicity of GC cells, while
FAT1 knockdown decreased it (Figure 2F). Collectively, these ex-
perimental data indicated that silencing FAT1 restricted the onco-
genic phenotypes of GC cells in vitro as well as the tumorigenicity
of GC cells in vivo.

3.3 | FAT1 enhances the malignant characteristics of
GC cells by upregulating AP-1 expression

Then we proceeded to exploit the downstream mechanism of FAT1
in the malignant progression of GC. FAT1 has previously been
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transfected with sh-NC

documented to modulate the activity of the key transcription factor
AP-1.12 Consistently, results of dual-luciferase reporter gene assay
identified that overexpression of FAT1 promoted the transcriptional
activity of AP-1, while knockdown of FAT1 led to inhibited AP-1
transcriptional activity (Figure 3A). The phosphorylation of c-Fos
and c-Jun is a well established parameter of AP-1 transcriptional
activity.® Through western blot analysis, FAT1 was revealed to

upregulate AP-1 protein expression by promoting phosphorylation

levels of c-Jun and c-fos, and knocking down FAT1 led to the op-
posite results (Figure 3B). We then treated the cells with PNRI-299,
a specific inhibitor of AP-1. As depicted in Figure 3C-E, PNRI-299
treatment abolished the promoting effect of FAT1 overexpression
on the proliferative, migratory, and invasive functions of GC cells.
These results supported the conclusion that FAT1 might upregulate
AP-1 expression and therefore augmented the malignant behaviors
of GC cells.
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protein in HGC-27 and MKN-45 cells transduced with oe-FAT1 or sh-FAT1. (C) HGC-27 and MKN-45 cell proliferation measured by EdU
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repeated three times. Data among multiple groups were analyzed by one-way ANOVA, followed by a Tukey multiple comparisons posttest.
*p <0.05, compared with cells transduced with oe-NC, sh-NC or oe-NC+DMSO. #p <0.05, compared with cells transduced with sh-NC,

oe-NC or oe-FAT1+DMSO

3.4 | TFAP2C upregulates the
expression of FAT1 and therefore promotes the
malignant characteristics of GC cells

Furthermore, to characterize the upstream mechanism of FAT1, we
predicted the upstream transcription factors of FAT1 using the Inc-
MAP database (http://bio-bigdata.hrbmu.edu.cn/LncMAP/gene-tf.
jsp) (Table S3). Then we analyzed the interaction between the pre-
dicted transcription factors using the STRING database (https://strin
g-db.org/), and constructed the gene interaction network diagram
(Figure 4A). The figure shows complex regulatory networks in these
transcription factors, among which TFAP2C has been associated
with the super-enhancer in GC.? Additionally, TFAP2C had an inter-
action with many transcription factors in the network, and an en-
hancer regulatory region was found in the promoter region of FAT1
(Figure 4B). Moreover, JASPAR database-based analysis (http://
jaspar.genereg.net/) suggested that FAT1 was regulated by TFAP2C
(Table S4). TFAP2C expression was abundant in GC samples in TCGA
and GTEx databases (Figure 4C). Here, we focused on TFAP2C in
subsequent experiments.

The overexpression of TFAP2C was verified in clinically col-
lected GC tissues (n = 46) relative to adjacent normal tissues
(n = 46) (Figure 4D). Dual-luciferase reporter gene and ChlP assays
verified the binding affinity of TFAP2C to the promoter region of

FAT1 (Figure 4E,F). Subsequently, HGC-27 cells were treated with
oe-TFAP2C or sh-TFAP2C (Figure 4G). Upon overexpression of
TFAP2C, the proliferative, migratory, and invasive abilities of GC
cells were enhanced, all of which were suppressed in response to
TFAP2C knockdown (Figure 4H,1).

These results indicated that TFAP2C could enhance the onco-
genic phenotypes of GC cells by enhancing the transcription of FAT1.

3.5 | LINCO00857 recruits TFAP2C to promote
FAT1 gene expression, therefore boosting malignant
characteristics of GC cells

Profiling of a GC-related expression microarray GSE19826 (includ-
ing three normal samples and 12 tumor samples) revealed the high
expression of LINCO0857 in GC samples (Figure 5A). Furthermore,
LINC00857 expression was amplified in GC samples included in
TCGA and GTEx databases (Figure 5B). Bioinformatics analysis pre-
dicted the interaction between TFAP2C and LINC0O0857: prediction
using RF classifier: 0.7; prediction using a support vector machine
(SVM) classifier: 0.97 (Figure 5C).

In addition, LINCO0857 and TFAP2C were co-located in the
nucleus of GC cells (HGC-27 and MKN-450 and GES-1 cells, as
revealed by FISH assay; Figure 5D). LINCO0857 showed an
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by UCSC database (http://genome.ucsc.edu/cgi-bin/hgTracks?hgsid=853606293_ra2091bygP5wéiotXkmLSJDIBgMa). (C) Expression

of TFAP2C in GC and normal samples included in TCGA and GTEX of the GEPIA2 database (http://gepia2.cancer-pku.cn/#analysis). (D)
Expression of TFAP2C in GC (n = 46) and adjacent normal tissues (n = 46) determined by RT-qPCR and western blot analysis. (E) Binding of
TFAP2C to the FAT1 promoter assessed by dual-luciferase reporter gene assay. (F) Interaction between TFAP2C and the FAT1 promoter
assessed by ChIP assay. (G) Transduction efficiency of oe-TFAP2C or sh-TFAP2C determined by western blot analysis in HGC-27 cells.

(H) HGC-27 cell migration and invasion measured by Transwell assays upon transduction with oe-TFAP2C or sh-TFAP2C. () HGC-27 cell

proliferation measured by EdU assay upon transduction with oe-TFAP2C or sh-TFAP2C. Data are shown as mean +standard deviation. Cell
experiments were repeated three times. Data between two groups were compared with unpaired t-test while those among multiple groups
were analyzed by one-way ANOVA, followed by a Tukey multiple comparisons posttest. *p <0.05, compared with normal samples, DMSO-

treated HGC-27 cells, IgG antibody or sh-NC-transfected HGC-27 cells. #p <0.05, compared with MKN-45 cells transduced with oe-NC

interplay with TFAP2C, as demonstrated by RIP assay (Figure 5E).
In addition, RNA pull-down assay also verified their interaction
(Figure 5F,G). Furthermore, LINCO0857 and TFAP2C expression
was manipulated in HGC-27 cells. When LINC00857 was knocked
down, FAT1 expression was decreased, whereas TFAP2C res-
toration reversed this decrease (Figure 5H). In the presence of
LINC00857 knockdown, the migration, invasion, and proliferation
of GC cells were attenuated, yet simultaneous TFAP2C overex-
pression relatively negated the effects of LINCO0857 knockdown
(Figure 51-J).

The aforementioned results suggested that LINCO0857 may re-
cruit TFAP2C to promote FAT1 gene expression, thereby potentiat-
ing phenotypes of GC cells.

3.6 | LINC00857 knockdown impedes tumor
growth in vivo

Next, we performed in vivo experiments to verify the relationship
between LINCO0857 and the TFAP2C/FAT1/AP-1 signaling axis and
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identify their effects on tumor growth. The body weight of nude
mice exhibited no alterations in control and sh-LINCO0857-treated
mice (Figure 6A), while tumor growth was inhibited following knock-
down of LINC00857 (Figure 6B). At the same time, the expression of
FAT1, TFAP2C, N-cadherin, MMP2, MMP9 and vimentin was down-
regulated, whereas that of E-cadherin was upregulated in mouse
tumor tissues (Figure 6C). Therefore, knockdown of LINCO0857
could inhibit tumor growth in vivo by inhibiting the activation of the
TFAP2C/FAT1 signaling axis.

4 | DISCUSSION

In this study, we explored the potential role of FAT1 in GC as well as
the possible upstream and downstream molecular mechanisms. Our
results suggested that LINCO0857 recruited TFAP2C to enhance its
transcription, and consequently upregulated FAT1 and AP-1 expres-
sion, ultimately accelerating GC cell malignant phenotypes.

FAT1 acts as a tumor suppressor or oncogene in a context-
dependent manner.'® This study identified the upregulated FAT1 ex-
pression n GC tissues and cells, which showed a correlation with the
pathological grade of GC patients. In addition, FAT1 was also found
to stimulate the proliferative, migratory and invasive property of GC
cells in vitro. Consistently, FAT1 expression was upregulated in GC
tissues and, conversely, its silencing could suppress cell migration
and invasion abilities; patients with high FAT1 expression had a poor
prognosis.11

FAT1 knockdown by siRNA can result in increased expression
of the PDCD4 gene, which in turn leads to the attenuation of AP-1
transcription by inhibiting the phosphorylation level of c-Jun.?
Jun is known as a subunit of AP-1.7 It could be therefore hypoth-
esized that FAT1 could upregulate AP-1 expression by promoting
phosphorylation levels of c-Jun, which was in accordance our find-
ings. At the same time, inhibiting the transcription factor AP-1 by
ADRB2 antagonists has the potential to suppress the proliferative

Cell migration
Cell proliferation

LINC00857

\ﬂﬂcooaﬂ

TFAP2C

FIGURE 7 The graphical summary of the function and
mechanism of LINCO0857 in GC. LINC0O0857 recruits TFAP2C
to promote its transcription, therefore enhancing FAT1 and AP-1
expression, ultimately contributing to the progression of GC

and metastatic capacities of GC cells.*® Also, AP-1 knockdown can
inhibit the resistance of GC cells to chemotherapy.’’ Therefore, it
can be concluded that FAT1 might upregulate AP-1 expression and
therefore augmented the malignant characteristics of GC cells.

TFAP2C is a GC-related gene and found to be potentially meth-
ylated in primary GC.?° In addition, TFAP2C has association with
the super-enhancer in GC.2 TFAP2C is abundantly expressed in
tissues and cells of colorectal cancer and enhances spheroids for-
mation ability in vitro®. The present study revealed that TFAP2C
could promote migration, invasion, and proliferation of GC cells
by enhancing the transcription of the FAT1 gene. However, due
to the lack of available literature, the established interaction be-
tween TFAP2C and FAT1, and the TFAP2C promoting properties
on the malignant characteristics of GC cells are still required to be
further exploited.

Additionally, the current results demonstrated that LINCO0857
could recruit TFAP2C to promote FAT1 gene expression, therefore
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boosting the malignant characteristics of GC cells. Compared with
GES-1 cell line, an approximately two-fold upregulated expression
for the LINCO0857 has been observed in GC cell lines.® In addition,
overexpression of LINCO0857 exhibited a positive correlation with
the tumor size of patients with GC, whereas the siRNA-mediated
LINCO0857 knockdown impeded the proliferative potential of GC
cells.?t More importantly, silencing of LINCO0857 can enhance the
EMT process, supported by increased E-cadherin and repressed
N-cadherin protein, thereby restraining hepatocellular carcinoma
cell migration and invasion ca\pacity.22 Our data revealed the inter-
action between TFAP2C and LINCO0857 when LINC0O0857 could
recruit TFAP2C. Furthermore, silencing of LINCO0857 diminished
FAT1 expression, revealed by western blot analysis, whereas fur-
ther studies are also warranted owing to the little progress made
in their relationship. However, accumulating data have shown
the controlling of IncRNAs in their downstream AP-1, therefore
being involved in the progression of human cancers.?>2* Partially
in agreement with the above, LINCO0857 knockdown was found
to impair tumor growth through disruption of the TFAP2C/FAT1/
AP-1 signaling axis.

In conclusion, LINCO0857 may recruit TFAP2C to promote its
transcription, and therefore potentiates the FAT1 and AP-1 expres-
sion, ultimately accelerating the progression of GC (Figure 7). The
newly found LINCO0857/TFAP2C/FAT1/AP-1 network sheds new
light on the mechanism underlying the carcinogenesis of GC. These
findings might well aid in the development of intervention strate-
gies for GC. However, further studies are warranted to elucidate the
specific mechanisms behind the established axis to a pending more
detailed validation eventually contributing to clinical applications.
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