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Abstract

Background Long non-coding RNA (IncRNA) ASB16 antisense RNA 1 (ASB16-AS1) is recognized as an oncogene in sev-
eral cancer types, but its relation to GC is unknown. Tripartite motif containing 37 (TRIM37) has been proven to accelerate
the development of gastric cancer (GC), whereas the molecular mechanism assisted ASB16-AS1 and TRIM37 in regulating
GC progression remains unclear.

Methods Differentially expressed IncRNAs in GC samples were analyzed based on Gene Expression Omnibus (GEO) data.
CCK-8 and colony formation assays were applied to determine the proliferative ability of GC cells. Stem cell-like phenotype
of GC cells was assessed by sphere formation assay and flow cytometry analysis. Luciferase reporter assay, RNA immunopre-
cipitation (RIP), pulldown, and co-immunoprecipitation (Co-IP) were performed to verify the interplay of RNA molecules.
Results ASB16-AS1 was upregulated in GC samples according to GEO data and qRT-PCR analysis. ASB16-AS]1 strength-
ened the proliferative ability and stem cell-like characteristics in GC cells. More importantly, ASB16-AS1 encouraged GC
cell growth in vivo. Mechanistically, ASB16-AS1 strengthened TRIM37 expression by sequestering miR-3918 and miR-
4676-3p. ASB16-AS1 activated NF-kappa B (NF-kB) pathway by cooperating with ATM serine/threonine kinase (ATM)
to induce TRIM37 phosphorylation.

Conclusion In summary, ASB16-AS1 exerted oncogenic functions in GC through modulating TRIM37 expression at both
mRNA and protein levels.
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Introduction

Gastric cancer (GC) is the second commonest diagnosed
cancer as well as the third leading cause of cancer-related
deaths in China [1]. Transgenation, epigenetic changes, and
environmental factors are major inducers promoting GC
progression [2, 3]. Despite techniques in the diagnosis and
treatment of GC have been improved, the 5-year survival
rates in GC patients in advanced stages remain frustrating [4,
5]. Late diagnosis of GC is commonly attributed to the lack
of effective diagnostic biomarkers [6]. Therefore, exploring
the mechanisms underneath GC progression is valuable for
the diagnosis and treatment.

Despite the fact that chemotherapy improved the prog-
nosis of GC patients, drug resistance is a big challenge to
public health. During tumor development, cancer cells can
acquire stem cell-like characteristics and thereby develop
drug resistance [7, 8]. Numerous factors are recognized
to regulate stemness and drug resistance in GC cells. For
example, SIRT1 represses stemness and drug resistance
via AMPK/FOXO3 in GC [9]. SOX4 strengthens stem
cell-like properties in GC [10]. Tripartite motif containing
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37 (TRIM37) has been reported as an oncogene in vari-
ous malignancies, including glioma [11], non-small-cell
lung cancer [12] and colorectal cancer [13]. Importantly,
TRIM37 promotes the resistance of pediatric osteosarcoma
cells to doxorubicin, cisplatin and methotrexate [14]. Also,
a study revealed the importance of TRIM37 in GC progres-
sion by verifying that TRIM37 facilitates GC cell invasion
and metastasis [15]. Here, we wondered whether TRIM37
regulated the stemness and chemoresistance of GC cells.
Long noncoding RNAs (IncRNAs) are a group of non-
coding RNAs with more than 200 nucleotides. Numerous
works have provided evidence that IncRNAs regulate certain
functional genes in GC through intricate regulatory mecha-
nisms. For example, IncRNA UCAL1 predicts unfavorable
prognosis of GC and facilitates GC cell proliferation by
mediating trimethylation of H3K27 in the promoters of p21
and SPRY1 [16]. OCT1-induced transcriptional activation
of IncRNA DLX6-AS1 accelerates GC development via
endogenously sponging miR-204-5p to up-regulate OCT1
[17]. CTC-497E21.4 boosts GC progression by serving as
a competing endogenous RNA (ceRNA) to modulate miR-
22/NET]1 axis in an RhoA pathway-dependent way [18].
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LncRNA 707 facilitates GC cell proliferation and metastasis
by interacting with HuR protein to strengthen mRNA stabili-
ties of VAV3 and F11R [19]. Functionally, IncRNAs have
been documented as stemness regulators in pancreatic can-
cer [7], bladder cancer [8], and GC [20]. LncRNA ASB16
antisense RNA 1 (ASB16-AS1) has been identified as a cru-
cial regulator in hepatocellular carcinoma and glioma [21,
22]. Here, we screened GEO data and found that ASB16-
AS1 was upregulated in GC samples. In summary, this study
was aimed at figuring out whether and how ASB16-AS1
participated in TRIM37-mediated GC progression.

Materials and methods
Tissue samples

Paired GC and adjacent non-tumor (AN) tissue samples were
collected from 76 patients diagnosed with GC at Peking Uni-
versity Cancer Hospital & Institute between 2013 and 2018,
with the written informed consents. This study recruited 46
males and 30 females, the median age was 55 years old. The
division of tumors and the tumor tissue were determined
in accordance with the standard surgical operation and the
predetermined excision area. Stomach from each patient was
cut off along the line that was over 5 cm from macroscopic
tumor edge. Tissues were removed and sent to the pathol-
ogy department for routine HE staining. Tissues were read
by 3 senior pathologists. Tumor area was identified under
the microscope and then marked. Compared with the tumor
sections, the tumor and non-tumor areas were identified by
observing the morphological changes under the microscope.
Non-tumor tissues accounted for about 30%. Tissue samples
were snap-frozen in liquid nitrogen after dissection and then
preserved at — 80 °C until further analyses. Percentage of
tumor cells to tumors was approximately 70% and percent-
age of epithelial cells to the non-tumor tissues was approxi-
mately 80-90%. This study had received the approval of the
Ethics Committee of Peking University Cancer Hospital and
Institute.

Cell culture and treatment

Four GC cell lines (AGS, MKN-45, HGC-27, MKN-7) and
one human normal gastric epithelial cell line (GES-1) were
all available from ATCC (Manassas, VA) and preserved
at 37 °C with 5% CO,. RPMI-1640 (Gibco BRL, Grand
Island, NY) with the supplementation of with 10% FBS
(Gibco) and 1% Pen/Strep solution was used for cell cul-
ture. The anticancer agent cisplatin used to treat HGC-27
and MKN-45 cells was available from Sigma-Aldrich (St.
Louis, MI). Besides, 20 pg/mL of actinomycin D (ActD)

and 40 pg/mL of cycloheximide (CHX) were also acquired
from Sigma-Aldrich.

RNA isolation and quantitative real-time PCR
(qRT-PCR)

Total RNAs were isolated from GC tissues and cells using
TRIzol method (Invitrogen, Carlsbad, CA) and purified
using RNeasy Mini Kit (Qiagen, Valencia, CA). cDNA
was generated from the total RNA (500 ng) utilizing the
PrimeScript™ RT reagent kit (Takara Bio, Shiga, Japan).
gRT-PCR was carried out with SYBR Green Master Mix
(Takara Bio). Expressions of IncRNA and mRNA were nor-
malized to GAPDH and that of miRNAs was normalized to
U6. Relative gene expression was quantified by comparative
CT method.

Cell transfection

The specific shRNAs for ASB16-AS1, RP11-475B2.1,
AC010518.3 or ATM, control shRNAs, pcDNA3.1 inserted
with ASB16-AS1 or TRIM37 (pcDNA3.1/ASB16-AS1 and
pcDNA3.1/TRIM37), pcDNA3.1 empty vector, miR-3918
mimics/inhibitor, miR-4676-3p mimics/inhibitor, and NC
mimics/inhibitor were synthesized by Genepharma (Shang-
hai, China). Plasmids were transfected into MKN-45 and
HGC-27 cells utilizing Lipofectamine 2000 (Invitrogen) as
required.

Western blot

Cells were lysed in the cold RIPA Lysis Buffer, centrifuged,
subjected to electrophoresis on 10% denaturing SDS-PAGE
gels, and transferred to PVDF membranes. The blots were
probed with the specific primary antibodies (1: 2000) and
HRP-tagged secondary antibodies (1: 5000). The visualiza-
tion of blots was made using ECL detection system (Bio-Rad
lab, Hercules, CA, USA). All antibodies used were produced
by Abcam (Cambridge, MA, USA).

Fluorescence in situ hybridization (FISH)

The RNA FISH probes were specifically designed by Ribo-
bio (Guangzhou, China) and utilized in line with the stand-
ard method. Cell nuclei were visualized via DAPI staining
using Olympus fluorescence microscope (Olympus Corp.,
Tokyo, Japan).

Subcellular fractionation
Both the nuclear and cytoplasmic RNAs were isolated

from the cultured GC cells (MKN-45 and HGC-27) using
the PARIS™ Kit (Invitrogen). qRT-PCR was conducted
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to detect ASB16-AS1 expression in both fractions, with
GAPDH as the cytoplasmic control and U6 as the nuclear
control.

Cell counting kit 8 (CCK-8)

Cells (2 x 10*) were seeded into each well of 96-well plates
with or without adding cisplatin (0, 2, 4, 8 pg/mL) and incu-
bated for 0, 24, 48, and 72 h. 10% CCK-8 solution was added
for 1 h at 37 °C. The absorbance (450 nm) was evaluated
utilizing microplate reader (Bio-Rad).

Colony formation assay

GC cells were added in each well of 6-well plates at a den-
sity of 500 cells per well and underwent 14-day culture for
colony forming. After being fixed with 4% formaldehyde
and stained with 0.5% crystal violet, colonies were counted
manually.

Sphere formation assay

GC cells were seeded at 10 cells per well into the 96-well
ultralow attachment plates (Corning Inc., New York, NY)
containing sphere medium. After 7-days’ culture, sphere
cells were counted and images were captured.

Flow cytometry analysis

The phycoerythrin (PE)-conjugated anti-CD133 antibody
(BD Biosciences, San Jose, CA) was used for flow cytom-
etry analysis. After fixation and permeabilization, cells were
treated with 1% BSA for 20 min and probed with 1 pL of
PE-CD133 for 1 h at 4 °C. Following the final washing, cells
were examined by the flow cytometry (BD Biosciences).

RNA pull-down assay

The extracts from GC cells were acquired to mix with the
biotinylated ASB16-AS1, miR-4676-3p or miR-3918 probes
for 1 h. 50 pL of magnetic beads were then added for 30 min.
The RNASs and proteins in the pulldown were collected, puri-
fied, and assessed by qRT-PCR and western blotting.

Luciferase reporter assay

The fragments of ASB16-AS1 or TRIM37 covering the
wild-type or mutant miR-3918 or miR-4676-3p binding
sites were acquired to construct the ASB16-AS1-WT/MUT
and TRIM37-WT/MUT luciferase reporters using pmirGLO
vectors (Promega, Madison, WI). After co-transfected with
miR-3918 mimics, miR-4676-3p mimics or NC mimics for
48 h, the firefly luciferase and Renilla luciferase were both
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detected in Luciferase Reporter Assay System (Promega).
Besides, the TRIM37 promoter was cloned into pGL3 vector
(Promega) and co-transfected with ASB16-AS1 silencing
transfection plasmids for further analysis.

RNA immunoprecipitation (RIP)

After lysed in the RIP lysis buffer, cell lysates were col-
lected for immunoprecipitation with human Ago2 antibody
or ATM antibody. Negative control IgG antibody was used.
After incubated with the addition of magnetic beads, the
specific RNAs in the binding complexes were assessed by
qRT-PCR.

Northern blot

After the total cellular RNA was isolated and purified, sam-
ples were transferred onto the Hybond N* nylon membrane,
and then hybridized for 12 h with specific labeled probes
targeting ASB16-AS1. GAPDH served as internal control.
Finally, all membranes were exposed to phosphor screen
for 48 h.

Immunofluorescence (IF)

Cells were seeded on culture slides for 24 h, rinsed in PBS
and fixed for 10 min. After blocking in 5% BSA, primary
anti-ATM antibody and secondary antibody (both, Abcam)
were incubated with slides. The slides were finally cultured
in DAPI solution and then subjected to detection with a
microscope.

Co-immunoprecipitation (Co-IP)

Lysates of GC cells were suspended in IP lysis buffer for
incubation with the specific antibodies or negative control
IgG overnight. Then, beads were mixed with above mixtures
for 2 h and the washed in IP lysis buffer, followed by the
immunoprecipitated proteins analyzed via western blot.

Xenograft tumor study

The adult male BALB/C nude mice (1620 g) obtained from
Beijing Vital River Laboratory Animal Technology Co. Ltd.
(Beijing, China) were preserved under SPF-grade animal
lab, with the approval from the Animal Research Ethics
Committee of Peking University Cancer Hospital and Insti-
tute. 5 x 10° transfected GC cells were inoculated subcutane-
ously to mice for 28-day to produce xenografts, with tumor
volume examined every 4 days. The tumors were dissected
from mice, weighed, embedded in paraffin and sectioned
for analysis.
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Immunohistochemistry (IHC)

Tissue samples collected from tumors in xenografts were
sectioned to splices that were 4-pum thick. Then, the 4-pm
paraffin-embedded sections were examined by IHC analy-
sis using the antibodies against Ki-67, PCNA and TRIM37
(Abcam).

Statistical analyses

The results were presented as the mean + SD, with at least
three triplicates for all assays. Data analysis for this study
was achieved by one-way ANOVA or student’s  test by the
use of SPSS v.19.0 (SPSS Inc., Chicago, IL). Data were
defined as statistically significant when P value less than
0.05.

Results
Up-regulation of ASB16-AS1 in GC tissues and cells

To identify the IncRNAs participating in GC, we analyzed
GEO data (GES109476). Consequently, we obtained 474
IncRNAs up-regulated in GC tissues compared with nor-
mal samples (P <0.05, logFC > 1). Through qRT-PCR, we
further detected these 474 IncRNAs in 3 pairs of GC tis-
sues and identified 3 most significantly up-regulated IncR-
NAs (ASB16-AS1, RP11-475B2.1 and AC010518.3) in
GC (Fig. 1a). Next, we confirmed the high levels of the 3
IncRNAs in GC cells versus the normal gastric epithelial
cell (Fig. 1b).
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Fig. 1 Up-regulation of ASB16-AS1 in GC tissues and cells. a LncR-
NAs upregulated in GC samples were screened out from GEO data.
Heat map showed the qRT-PCR data of these 474 IncRNAs in 3 pairs
of GC tissues versus adjacent normal samples. b qRT-PCR detected
the levels of ASB16-AS1, RP11-475B2.1 and AC010518.3 in GC
cells and normal gastric epithelial cell. ¢ Results qRT-PCR and west-
ern blotting of TRIM37 expression in MKN-45 and HGC-27 cells

with ASB16-AS1 depletion. d qRT-PCR data of ASB16-AS1 expres-
sion in adjacent non-tumor tissues (n="76) and tumor tissues (n="76).
e qRT-PCR analysis of ASB16-AS1 expression in GC tissues at
stage III-IV (n=40) versus that at stage I-Il (n=36). f FISH image
of ASB16-AS1 distribution (red) in GC cells. Scale bar: 10 pm. g
Subcellular fraction assay detected percentage of ASB16-AS1 in the
cytoplasm or nucleus to the whole cell. *P <0.05, **P <0.01
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Then, we silenced ASB16-AS1, RP11-475B2.1 and
ACO010518.3 in MKN-45 and HGC-27 cells (Fig. S1A).
Interestingly, both the levels of TRIM37 mRNA and protein
were reduced only by sh-ASB16-AS1#1/2 (Fig. 1c), but not
by sh-RP11-475B2.1#1/2 or sh-AC010518.3#1/2 (Fig. S1B,
C). Additionally, we overexpressed ASB16-AS1 in AGS,
MKN-7 and normal GES-1 cells (Fig. S1D). Results exhib-
ited that TRIM37 level was elevated by ASB16-AS1 over-
expression in AGS and MKN-7 cells but not in GES-1 cells
(Fig. S1E). Therefore, we deduced that ASB16-AS1 poten-
tially exerted functions in GC cells via regulating TRIM37.

Then, we validated that ASB16-AS1 was up-regulated
in GC tissues (n=76) versus the adjacent non-tumor tis-
sues (n=76) (Fig. 1d). Also, ASB16-AS1 expression was
higher in tissues samples obtained from patients at III-IV
(n=40) stages than those from patients at I-II stages (n =36)
(Fig. le), indicating that ASB16-AS1 was potentially related
to GC development. Besides, using FISH probe, we discov-
ered that ASB6-AS1 expression was enriched in the cyto-
plasm (Fig. 1f), and such phenomenon was further validated
by cytoplasm/nucleus fraction assay (Fig. 1g). In this regard,
we speculated that ASB16-AS1 might regulate TRIM37 at
post-transcriptional level.

ASB16-AS1 accelerated proliferation
and strengthened stemness and cisplatin resistance
of GC cells

Next, in vitro functional assays were performed to detect the
role of ASB6-AS1 in GC cells. CCK-8 data indicated that
ASB16-AS1 depletion reduced GC cell viability (Fig. 2a).
The GC cells generated less colonies under ASB6-AS1
knockdown (Fig. 2b). Then, we tested whether ASB16-AS1
regulated stem cell-like characteristics in GC cells. We
observed that knocking down ASB16-AS1 declined tumor
sphere formation efficiency of GC cells (Fig. 2c). Accord-
ing to flow cytometry analysis, CD133% GC cells presented
a decreased ratio under ASB16-AS1 deficiency (Fig. 2d).
Additionally, we tested the cisplatin-resistance to determine
the stemness of GC cells. CCK-8 showed that the cell viabil-
ity of GC cells was gradually reduced with the treatment
of increasing dose of cisplatin, and sh-ASB16-AS1#1/2
strengthened such effect (Fig. 2e). Based on CCK-8 data,
cell viability was significantly reduced by cisplatin at the
dose of 4 uM, and was reduced by nearly 50% at the dose
of 8 pM, so we chose 5 pM for subsequent apoptosis detec-
tion. As shown in Fig. 2f, apoptosis ratio was increased by
ASB16-AS1 deficiency under 5 pM cisplatin treatment, sug-
gesting a declined resistance of ASB16-AS1-silenced GC
cells to cisplatin.

Also, we tested the impact of ASB16-AS1 overexpression
on GC cells. It was confirmed that overexpressing ASB16-
AS1 in AGS and MKN-7 cells accelerated proliferation as
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well as colony formation (Fig. S2A, B). AGS and MKN-7
cells presented higher sphere-forming efficiency and
CD133" ratio under ASB16-AS1 overexpression (Fig. S2C,
D). Cisplatin resistance in AGS and MKN-7 cells was
strengthened by ASB16-AS1 overexpression (Fig. S2E, F).
Additionally, we tested whether ASB16-AS1 overexpression
affected normal GES-1 cells. Results showed that the prolif-
eration, colony formation, and stem cell-like properties of
GES-1 cells were not altered under ASB16-AS1 overexpres-
sion (Fig. S3A-F). Based on these findings, we suggested
that ASB16-AS1 accelerated proliferation, and strengthened
stemness and cisplatin resistance of GC cells.

ASB16-AS1 up-regulated TRIM37 in GC cells
via interacting with miR-3918 and miR-4676-3p

Later, we investigated how ASB16-AS1 altered TRIM37
expression. We discovered that TRIM37 promoter activity
was not changed under ASB16-AS1 knockdown (Fig. S4A).
Also, TRIM37 mRNA was not pulled down by ASB16-AS1
biotin probe (Fig. S4B). Thus, we speculated that ASB16-
ASI post-transcriptionally regulated TRIM37 not by directly
interacting with TRIM37 mRNA.

LncRNAs can post-transcriptionally alter gene expression
by serving as the miRNA sponges, so we planned to explore
whether ASB16-AS1 sponged certain miRNA to up-regulate
TRIM37. Based on the prediction results from ENCORI
database [23], 12 putative miRNAs were found to potentially
bind to both IncRNA ASB16-AS1 and TRIM37 mRNA
(Fig. 3a). Among the 12 miRNAs, only miR-3918, miR-
4676-3p and miR-873-3p were significantly down-regulated
in GC tissues (Fig. S4C), indicating that they were related to
GC. Further, pull-down assay confirmed that miR-3918 and
miR-4676-3p, rather than miR-873-3p, were pulled down by
biotin-labeled ASB16-AS1 (Fig. 3b). It was also verified that
both miR-3918 and miR-4676-3p were significantly down-
regulated in GC cells (Fig. S4D). Correlation analysis based
on TCGA data showed that miR-4676-3p was negatively
related to ASB16-AS1, and such relationship between them
was depicted based on 76 GC samples (Fig. S4E). Thus,
we speculated that miR-3918 and miR-4676-3p might be
involved in ASB16-AS1/TRIM37 signaling in GC.

Thereafter, we aimed to determine the binding of miR-
3918 and miR-4676-3p to ASB16-AS1 and TRIM37 in
GC. The putative binding sites of miR-4676-3p/miR-3918
in ASB16-AS1 and TRIM37 were predicted from ENCORI
database, and the binding sites were mutated to generate
ASB16-AS1-Mut and TRIM37-Mut reporters (Fig. 3c).
After up-regulating miR-4676-3p and miR-3918 in GC
cells (Fig. S4F), the luciferase activity of ASB16-AS1-WT
and TRIM37-WT decreased, while that of ASB16-AS1-
Mut and TRIM37-Mut were not impacted (Fig. 3d). Also,
pull down assay revealed that ASB16-AS1 and TRIM37
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could be pulled down by biotin-labeled miR-4676-3p and
miR-3918 (Fig. 3e). Further, ASB16-AS1, miR-3918,
miR-4676-3p and TRIM37 were co-enriched in Ago2 RIP
group (Fig. 3f). These data confirmed that miR-4676-3p
and miR-3918 bound to IncRNA ASB16-AS1 and TRIM37
mRNA in Ago2-assembled RNA-induced silencing com-
plexes (RISCs). Subsequently, we detected the influence of
miR-4676-3p and miR-3918 up-regulation on ASB16-AS1
and TRIM37 expression. The results revealed that miR-
4676-3p and miR-3918 up-regulation lessened TRIM37
expression but had no influences on ASB16-AS1 expres-
sion (Fig. 3g). Moreover, ASB16-AS1 depletion reduced
both mRNA and protein levels of TRIM37, and such effect
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was partly reversed by miR-4676-3p inhibitor or miR-3918
inhibitor but fully achieved by the co-inhibition of miR-
4676-3p and miR-3918 (Fig. 3h). Then, NF-kB pathway
was analyzed since TRIM37 has been reported to activate
NF-xB pathway [12], and this pathway is supported to
accelerate GC development and stemness [24, 25]. It was
revealed that miR-4676-3p inhibitor or miR-3918 inhibitor
recovered the levels of p-IKK, p-IxB and Nuclear p65, and
such recovery was further strengthened by co-transfecting
miR-4676-3p inhibitor and miR-3918 inhibitor (Fig. 31),
indicating that ASB16-AS1 might have an alternative way
to regulate NF-xB pathway. In summary, ASB16-AS1
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up-regulated TRIM37 via interacting with miR-3918 and
miR-4676-3p to activate NF-kB pathway in GC cells.

ASB16-AS1 synergistically worked with ATM
to modulate TRIM37

The full restoration of TRIM37 level caused by miR-3918/
miR-4676-3p co-inhibition in ASB16-AS1-silenced GC
cells indicated that miR-3918 and miR-4676-3p might be
the main pathway for ASB16-AS1 to regulate TRIM37
expression. To further confirm this indication, we tested the
mRNA and protein stability of TRIM37 under ASB16-AS1
knockdown. Intriguingly, degradation of TRIM37 mRNA
induced by ActD treatment was not altered by ASB16-AS1
deficiency (Fig. S5A). In addition, ASB16-AS1 could not
affect the protein stability of TRIM37 under CHX treatment
(Fig. S5B). We previously found that NF-kB pathway was
not fully recovered by miR-3918/miR-4676-3p co-inhibi-
tion, so we wondered whether ASB16-AS1 could regulate
TRIM37 through other mechanisms. Pulldown and mass
spectrometry revealed that ATM was a protein that could
interact with ASB16-AS1 (Fig. 4a). A previous study uncov-
ered that ATM induced the phosphorylation of TRIM37 pro-
tein in the cytoplasm and promoted nuclear translocation of
TRIM37 [26]. Therefore, we speculated that ASB16-AS1
might regulate TRIM37 phosphorylation through ATM.
We observed the enrichment of ASB16-AS1 in ATM
RIP products, further revealed the interaction between
ASB16-AS1 and ATM (Fig. 4b). Moreover, FISH/IF veri-
fied that ASB16-AS1 and ATM were co-localized in the
cytoplasm in GC cells (Fig. 4c). Besides, Co-IP assay tes-
tified the interaction between ATM and TRIM47 (Fig. 4d).
More importantly, the level of p-TRIM47 was significantly
reduced after ASB16-AS1 was knocked down (Fig. 4e).
On the contrary, overexpressing ASB16-AS1 induced
p-TRIM37 level in AGS and MKN-7 cells, whereas no
changes were observed in normal GES-1 cells (Fig. S5C).
Furthermore, we transfected the exogenous HA-tagged
TRIM37 and Flag-tagged ATM to test the effect of
ASB16-AS1 on ATM-TRIM37 interaction. It was observed
that knockdown of ASB16-AS1 reduced Flag-ATM in
the precipitates of HA and reduced HA-TRIM37 in the
precipitates of Flag, indicating that silencing ASB16-
AS1 reduced the interaction between ATM and TRIM37
(Fig. 4f, g). Meanwhile, we identified that ASB16-AS1
silence had no effects on mRNA and protein levels of ATM
(Fig. 4h). Besides, we knocked down ATM (Fig. S5D),
and identified that ATM knockdown could not influ-
ence ASB16-AS1 level (Fig. 41). It was documented that
TRIM37, TRAF6 and NEMO constituted the complex to
modulate NF-kB activity [26]. Expectedly, we confirmed
that ASB16-AS1 knockdown blocked the interaction of
HA-TRIM37 with TRAF6 and NEMO (Fig. 4j). Based

on these data, we reached the conclusion that ASB16-
AS1 synergistically work with ATM to promote TRIM37
phosphorylation.

TRIM37 participated in ASB16-AS1-mediated GC cell
proliferation, stemness and cisplatin resistance

Subsequently, we wondered whether TRIM37 could mediate
the regulation of ASB16-AS1 on GC cell proliferation and
stemness. Western blotting displayed that TRIM37 overex-
pression restored the levels of p-IKK, p-IkB and Nuclear
p65 reduced by ASB16-AS1 depletion (Fig. 5a). Then,
CCK-8 and colony formation assays revealed that TRIM37
up-regulation counteracted the prohibitive effect of ASB16-
ASI silence on GC cell proliferation (Fig. 5b, ¢). Moreover,
TRIM37 overexpression restored sphere formation efficiency
which was previously decreased by ASB16-AS1 knockdown
in GC cells (Fig. 5d). TRIM37 overexpression recovered
cisplatin resistance that was weakened by ASB16-AS1
knockdown in GC cells (Fig. Se, f). Thus, we concluded
that TRIM37 was a responsible mediator for ASB16-AS1
to influence proliferation, stemness and cisplatin resistance
in GC cells.

ASB16-AS1 facilitated GC tumor growth in vivo
through TRIM37

Finally, we explored the role of ASB16-AS1 in tumor
growth through in vivo study. Nude mice xenograft model
was established by subcutaneously injecting HGC-27
cells with different transfections. As illustrated in Fig. 6a,
ASB16-AS1 knockdown inhibited tumor growth, and
up-regulation of TRIM37 recovered tumor growth com-
pared with ASB16-AS1 knockdown group. Also, ASB16-
AS1 knockdown caused a decrease in tumor volume and
weight, but such effect was counteracted by co-transfection
of pcDNA3.1-TRIM37 (Fig. 6b, c¢). Besides, CD133™ cell
ratio in xenografts was decreased by ASB16-AS1 silence but
was restored by the co-transfection of pcDNA3.1-TRIM37
(Fig. 6d). Next, we confirmed that in these xenografts, both
ASB16-AS1 and TRIM37 levels were reduced by ASB16-
AS1 knockdown but overexpressing TRIM37 only recov-
ered TRIM37 level rather than ASB16-AS1 level (Fig. 6e,
f). Besides, TRIM37 overexpression recovered p-IKK, p-IxB
and Nuclear p65 levels that were reduced by ASB16-AS1
depletion (Fig. 6f). Immunohistochemistry staining assay
further indicated that Ki-67, PCNA and TRIM37 positivity
in the in vivo tumors was decreased by ASB16-AS1 deple-
tion but was rescued by the co-transfection of pcDNA3.1-
TRIM37 (Fig. 6g). In sum, ASB16-AS1 facilitated GC
tumor growth in vivo through a TRIM37-mediated way.
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Fig.4 ASB16-AS1 synergistically worked with ATM to modulate
TRIM37 at post-translational level. a RNA pull-down silver stain-
ing and mass spectrometry identified the proteins interacted with
ASB16-AS1. Results were further proven by western blot analysis.
b RIP assay detected the ASB16-AS1 enrichment precipitated by
anti-ATM relative to anti-IgG. ¢ FISH/IF verified that ASB16-AS1
and ATM were co-localized in the cytoplasm of GC cells. Scale bar:
10 pm. d Western blot of TRIM37 in the IP of ATM and ATM in the
IP of TRIM37 in GC cells. e Western blotting analysis of p-TRIM37
expression under ATM depletion. f, g HA-tagged TRIM37 and Flag-
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tagged ATM were transfected into GC cells for Co-IP assay, western
blot detected HA-TRIM37 in the IP of Flag and Flag-ATM in the IP
of HA under ASB16-AS1 depletion in GC cells. h qRT-PCR and
western blot analyses detected the influence of ASB16-AS1 depletion
on ATM expression. i qRT-PCR and northern blot detected the influ-
ence of ATM depletion on ASB16-AS1 expression. j Western blot
probed HA-tagged TRIM37, Flag-tagged ATM, TRAF6 and NEMO
in the IP of HA by ASB16-AS1 knockdown in GC cells. **P <0.01,
n.s. suggested no significance
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Fig.6 ASB16-AS1 facilitated GC tumor growth in vivo through
TRIM37. a GC cells with indicated transfections were injected into
the nude mice (5 mice in each group of 4 groups). Tumor growth
curves were produced by analyzing tumor volume every 4 days until
the 28th day. b, ¢ Tumor volume and weight in different groups were
determined at the 28th day. d Flow cytometry analysis revealed
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CD133* cell ratio in xenografts. ¢ qRT-PCR detected ASB16-AS1
and TRIM37 expressions in xenografts of different groups. f Western
blot analysis of TRIM37 and NF-kB pathway-associated proteins in
tumors of different groups. g Immunohistochemistry staining revealed
the positivity of Ki-67, PCNA and TRIM37 in different groups. Scale
bar: 100 pm. **P <0.01
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Discussion

GC is a prevalent malignancy worldwide. Recent years,
the functional molecules have been identified in GC
development by mechanistic investigations. For example,
HOXAT11 [27], STRAG6 [28] and USP22 [29] are identified
as the putative biomarkers for GC treatment. These find-
ings unveiled the importance of recognizing novel targets
for GC treatment. According to former studies, TRIM37
promotes drug resistance, proliferation, and metastasis
in various cancers, including GC [11, 12, 14, 15]. How-
ever, our current study was the first trying to explain
how TRIM37 was regulated in GC. Present study started
from TRIM37 and explored the upstream mechanism of
TRIM37 in GC. LncRNAs are well-known molecules
that regulate functional genes in tumor cells, including in
GC. Here, we searched for IncRNAs regulating TRIM37
in GC. Based on GEPIA database and results from qRT-
PCR assay, we identified ASB16-AS1 as an upregulated
IncRNA in GC, suggesting that the potential association
of ASB16-AS1 with GC. According to former studies,
IncRNASs can be transcriptionally activated in GC cells
by various mechanisms. For example, transcription factor
SP1 stimulated IncRNA TINCR transcription in GC [30].
LncRNA HOXC-AS3 was transcriptionally activated by
H3K4me3 and H3K27ac in GC cells [31]. Therefore, it is
possible that ASB16-AS1 could be transcriptionally acti-
vated through certain mechanism in GC cells. However,
this study focused on the downstream regulatory mecha-
nism ASB16-AS1.

Notably, we first discovered that ASB16-AS1 positively
regulated TRIM37 in GC cells. Previously, ASB16-AS1
has been proven as a facilitator for the proliferation and
migration of glioma cells and hepatocellular cancer cells
[21, 22]. Consistently, we illustrated that ASB16-AS1
induced GC cell proliferation. Besides, we provided novel
data that ASB16-AS1 strengthened stemness and cispl-
atin resistance in GC cells. However, ASB16-AS1 did not
stimulate proliferation, stemness and cisplatin resistance
in normal GES-1 cells. These data implied the possibility
that ASB16-AS1 participated in GC progression rather
than initiation.

Later, we first explained how ASB16-AS1 regulated
TRIM37 in GC cells. We identified the main distribution
of ASB16-ASI1 in the cytoplasm of GC cells, and showed
that ASB16-AS1 could not regulate the promoter activ-
ity of TRIM37, excluding the transcriptional regulation
of ASB16-AS1 on TRIM37. Also, we excluded the direct
interaction between ASB16-AS1 and TRIM37 mRNA.
LncRNAs have been widely demonstrated to be control-
lers of their downstream targets by serving as a ceRNA
in GC [18, 32, 33]. Formerly, ASB16-AS1 functioned as

a ceRNA to regulate miR-1874/FZD4 in hepatocellular
cancer [21]. Herein, this study first identified miR-3918
and miR-4676-3p as two downstream miRNAs for ASB16-
AS1 in GC. A previous study has reported that miR-3918
can cooperate with its sponge circ-BIRC6 to regulate
hepatocellular carcinoma progression [34]. As for miR-
4676-3p, it has not been studied in any diseases. Therefore,
the present study first linked miR-3918 and miR-4676-3p
to ASB16-AS1 in GC cells. Moreover, we proved that
miR-3918 and miR-4676-3p were downregulated in GC
samples. Importantly, the negative correlation of ASB16-
AS1 with miR-3918 and miR-4676-3p was analyzed in
GC tissues.

Furthermore, TRIM37 has been reported to activate
NF-«xB pathway and facilitate the aggressiveness of non-
small-cell lung cancer [12]. NF-kB pathway is a common
oncogenic pathway in various cancers. For instance, Morin
suppresses cell growth in ovarian cancer through inhibition
of NF-«xB signaling [35]. Ubiquitination of IxBa facilitates
p65 nuclear translocation, therefore triggering NF-xB path-
way activation and inducing EMT process in colorectal can-
cer cells [36]. MiR-204-5p inactivates NF-xB signaling to
repress bone metastasis in prostate cancer [37]. ZBTB20
promotes GC cell migration and invasion through inhibit-
ing IkBa to trigger NF-kB pathway [38]. Currently, we first
showed that ASB16-AS1 activated NF-xB pathway in GC
cells. Statistics showed that co-inhibition of miR-3918 and
miR-4676-3p fully rescued the repressive effect of depleted
ASB16-AS1 on TRIM37 level, indicating that miR-3918 and
miR-4676-3p might be the main targets for ASB16-AS1 to
modulate TRIM37 in GC cells. In the meantime, the par-
tial recovery of NF-kB pathway activity by co-suppressed
miR-3918 and miR-4676-3p in GC cells with ASB16-AS1
knockdown suggested that ASB16-AS1 might have alterna-
tive ways to regulate NF-xB pathway.

Herein, we stick to the regulation on TRIM37, so we
wondered whether ASB16-AS1 regulated TRIM37 through
other mechanisms. Our data preliminarily excluded the
possibility that ASB16-AS1 regulated TRIM37 mRNA
and protein stability. Interestingly, we identified ATM as a
protein interacting with ASB16-AS1 in GC cells. ATM has
been reported to be an inducer of TRIM37 phosphorylation
[26]. Present study first verified that ASB16-AS1 interacted
with ATM to induce TRIM37 phosphorylation. Finally, we
proved that TRIM37 mediated the influence of ASB16-AS1
on cell proliferation, stemness, drug resistance and tumor
growth in GC cells.

In conclusion, the present study first demonstrated that
ASB16-AS1 enhanced TRIM37 expression through seques-
tering miR-3918/miR-4676-3p and facilitated TRIM37
phosphorylation via recruiting ATM. Afterwards, ASB16-
AS1 depended on TRIM37 to activate NF-xB pathway to
facilitate cell proliferation, stemness, cisplatin resistance and
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tumor growth in GC. These findings possibly offered new
inspirations to GC treatment. However, the upregulation of
ASB16-AS1 in GC cells was not clearly explained in this
study, which is also a limitation of our current study. We
will put more efforts to further explain the regulation of
ASB16-AS1 on TRIM37 and other potential targets in GC.
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