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TRIMA47 drives gastric cancer cell proliferation 2
and invasion by regulating CYLD protein
stability
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Abstract

The expression of TRIM47, a member of the TRIM protein and E3 ubiquitin ligase families, is elevated in various
cancers, such as non-small cell lung cancer and colorectal cancer, and is linked to poor prognosis. This study
aimed to investigate the role of TRIM47 in gastric cancer development. Using The Cancer Genome Atlas-Stomach
Adenocarcinoma (TCGA-STAD) dataset and analysis of 20 patient samples from our center, TRIM47 was found to be
significantly up-regulated in gastric cancer tissues and associated with advanced N-stage and poor prognosis. We
constructed stable TRIM47 knockdown and overexpressing gastric cancer cell lines. CCK8, EDU, colony formation,
wound healing, and Transwell tests were used to evaluate the effects on cell proliferation, invasion, and migration.
The results showed that TRIM47 knockdown inhibited the proliferation, migration and invasion of gastric cancer
cells, while TRIM47 overexpression promoted these behaviors. These results were further confirmed in vivo. In

the mechanism part, we found that TRIM47 interacts with CYLD protein. Moreover, TRIM47 promotes K48-linked
ubiquitination, leading to the degradation of CYLD by the proteasome, thereby activating the NF-kB pathway and
regulating the biological behavior of gastric cancer cells. Taken together, our study demonstrated that TRIM47 is
involved in the proliferation and metastasis of gastric cancer through the CYLD/NF-kB pathway.
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Background

Gastric cancer (GC) is the most common type of gastro-
intestinal tumour in China and the fifth most prevalent
malignancy worldwide, with a persistently high mortal-
ity rate [1]. According to 2020 data, more than 1 million
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patient prognosis remains poor. The primary treatment
methods for gastric cancer include surgical tumour resec-
tion, radiotherapy, chemotherapy, and adjuvant therapy.
However, the prognosis of gastric cancer patients is influ-
enced not only by tumour cell proliferation, metastasis,
genetic diversity, and resistance to chemotherapy drugs,
but also by an insufficient understanding of the molecu-
lar pathways involved in the disease and the lack of sen-
sitive early detection and monitoring methods [5, 6].
Therefore, it is imperative to further explore the complex
mechanisms that drive the development and progression
of gastric cancer and to identify reliable early biomarkers.

The TRIM (tripartite motif-containing) family, which is
part of the E3 ubiquitin ligase family, is widely distributed
in eukaryotes and is notable for its structural conserva-
tion and rapid evolution [7, 8]. More than 80 proteins
belong to the TRIM family, and each features four com-
mon domains from the N-terminus to the C-terminus: a
RING-finger domain (R), a B-box1 domain (B1), a B-box2
domain (B2), and a coiled-coil domain (CC), which are
all collectively known as the RBCC motif [9]. The RING-
finger domain, characterized by its distinctive zinc-finger
structure, primarily regulates the ubiquitination process
of proteins, which precisely coordinates the transfer of
ubiquitin, a hallmark of many E3 ubiquitin ligases. As
crucial components of the E3 ubiquitin ligase family,
TRIM family members regulate various biological pro-
cesses, including immune responses, cell growth, devel-
opment, apoptosis, and host resistance to viral infections
10. Tripartite Motif-Containing 47 (TRIM47) is a
member of the TRIM protein family located on human
chromosome 17q25.1. This gene encodes a protein
comprising 630 amino acids, has a molecular weight of
approximately 69.5 kDa, and contains 4418 base pairs in
its gene sequence [11]. Research indicates that TRIM47
is involved in the pathogenesis and progression of vari-
ous diseases. For instance, TRIM47 overexpression may
exacerbate cerebral ischemia-reperfusion injury by pro-
moting apoptosis and inflammatory responses [12]. In
sepsis-induced acute lung injury, TRIM47 interacts with
TRAF2 and mediates K63-linked ubiquitination, which
activates the NF-kB and MAPK signaling pathways and
promotes inflammation and tissue damage [13]. Addi-
tionally, the role of TRIM47 in various cancers, including
non-small cell lung cancer, colorectal cancer, breast can-
cer, renal cell carcinoma, pancreatic cancer, and prostate
cancer, has been investigated [14—16]. However, to date,
no clear consensus has been reached on the specific role
and mechanisms of TRIM47 in gastric cancer. Therefore,
this study focused on TRIM47 to explore its potential
role in gastric cancer development and to reveal its possi-
ble molecular mechanisms. This study also aimed to pro-
vide new molecular markers for the early diagnosis and
targeted therapy of gastric cancer.
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In this study, we investigated the role of TRIM47
in gastric cancer. Our findings revealed that TRIMA47
expression is elevated in tumour tissues and is associated
with poor patient prognosis. Further in vivo and in vitro
experiments confirmed the oncogenic role of TRIM47.
Moreover, we discovered that TRIM47 promotes gastric
cancer progression by modifying CYLD with K48-linked
ubiquitin chains, which leads to its degradation via the
ubiquitin-proteasome system and subsequent activation
of the NF-kB pathway.

Materials and methods

Bioinformatics analysis

We utilized TIMER 2.0 (http://timer.cistrome.org/)
to analyse TRIM47 expression across 33 types of can-
cer using data from the TCGA database. RNA-Seq data
and clinical information of gastric cancer patients were
downloaded from the TCGA portal (https://portal.gdc.c
ancer.gov/). Survival information for these gastric cancer
patients was examined using the BEST website (https:/
/rookieutopia.com/app_direct/BEST/). = The  pathwa
y enrichment analysis was performed using GSEA soft-
ware. Finally, we investigated proteins interacting with
TRIM47 using the BioGRID database (https://thebiogrid
.org/).

Collection and handling of gastric cancer specimens

We collected 20 pairs of gastric cancer and adjacent tis-
sue samples from patients who underwent surgery at the
Renmin Hospital of Wuhan University (Wuhan, Hubei,
China) with patient consent. All tissue experiments were
approved by the Ethics Committee of the Renmin Hospi-
tal of Wuhan University. Some tissue samples were stored
in liquid nitrogen or at -80 °C before protein extraction
for Western blot experiments, while others were fixed
and preserved in paraformaldehyde solution for subse-
quent immunohistochemical experiments.

Cell culture and transfection

The gastric cancer cell lines AGS and HGC-27, along
with the normal gastric mucosal cell line GES-1, were
obtained from the China Center for Type Culture Collec-
tion (CCTCC). GES-1 and HGC-27 cells were cultured in
1640 medium (Servicebio, Wuhan, China) supplemented
with 10% Fetal Bovine Serum (Wuhan Tsingmu Biotech-
nology, muQ01SR). AGS cells were cultured in AGS-spe-
cific medium (Procell, Wuhan). All cells were maintained
in an incubator at 37 °C with 5% CO2. The TRIM47
plasmid and the packaging plasmids psPAX2 and pMD2
were cotransfected into HEK-293T cells using LIPO8000
(Beyotime) for virus packaging according to the manu-
facturer’s instructions. Viral supernatants were collected
48 h after transfection. Fresh viral supernatant samples
supplemented with 10 ug/mL polybrene (Biosharp) were
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added to exponentially growing AGS and HGC-27 cells.
The medium was replaced with fresh medium after 24 h.
Stable cell lines in which TRIM47 was overexpressed or
knocked down were selected using puromycin (10 pg/
mL, Biosharp) for one week.

Immunohistochemistry

The paraffin-embedded sections were first labelled and
then baked in an oven prior to deparaffinization. After
the sections were washed with ultrapure water, antigen
retrieval was performed for antigen unmasking. Sub-
sequently, the sections were blocked with hydrogen
peroxide, permeabilized, and incubated with primary
antibodies. The next day, after the slides were warmed to
room temperature and washed, the sections were incu-
bated with MaxVision reagent for the staining reaction,
which was followed by colour development. Nuclei were
stained with haematoxylin dye and differentiated, fol-
lowed by microscopic observation. Finally, the sections
were dehydrated to remove moisture, mounted, and
dried. Microscopic examination and image analysis were
performed to assess the immunohistochemistry results.

Western blotting

Total protein was extracted from cells using RIPA buf-
fer containing a phosphatase inhibitor and PMSF (RIPA:
cocktail: phosphatase inhibitors: PMSF=100:1:1:1).
Lysates were heated at 98 °C for 5-10 min with SDS
loading buffer. Protein abundance was analysed by SDS-
PAGE and Western Blotting. The signals were visualized
using Bio- Rad ChemiDoc MP. GAPDH was used as the
loading control. All antibodies used in this study are
listed in Table S1.

PCR

RNA was extracted from all samples using RNA-easy
Isolation Reagent (Vazyme, China). The samples were
digested and lysed with RNA-easy Isolation Reagent and
centrifuged at 12,000 rpm, after which the total RNA
was precipitated with isopropanol/ethanol. cDNA was
synthesized using HiScript® III RT SuperMix for qPCR
(Vazyme). RT-qPCR analysis was performed using
ChamQ Universal SYBR qPCR Master Mix (Vazyme).
Relative expression levels were calculated using the delta-
delta Ct method with B-actin as the internal control gene.
All primers used in the study are detailed in Table S2.

Cell counting Kit-8

Cell viability was measured using a Cell Counting Kit-8
(CCK8) (Biosharp, China). After synchronizing cells to
the M phase to avoid cell cycle stage differences, gastric
cancer cells were seeded in 96-well plates. After 24 h of
culture, 10 pL of CCKS8 reagent was added to each well,
after which the plates were incubated at 37 °C for 2 h.
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The absorbance at 450 nm was measured using a micro-
plate reader. The absorbance was measured at 24, 48,
and 72 h for each group. All experiments were repeated
three times, and GraphPad Prism software was used for
analysis.

EdU assay

We conducted EAU experiments using the EAQU Cell Pro-
liferation Kit 555 (Beyotime, Shanghai, China) according
to the manufacturer’s guidelines. The cells were labelled
with 10 uM EdU for 2 h at 37 °C. After labelling, the cells
were washed with PBS and fixed in 4% paraformalde-
hyde. The cells were then stained with Azide 555 reagent
for 30 min. Labelled cells were imaged with a fluores-
cence microscope and quantified using Image] software.
Each EdU experiment was repeated at least three times to
ensure reliability.

Colony formation assay

Gastric cancer cells were seeded in six-well plates at a
density of 500 cells per well and cultured for 2 weeks. The
cells were then fixed in 4% formaldehyde at room tem-
perature for 15 min and stained with 2% crystal violet
for 20 min. After washing with water and air-drying, the
plates were photographed. The images were then used to
count the number of colonies in each well.

Transwell assay

We performed Transwell migration and invasion assays
using Corning Transwell chambers with 0.8 pm pores.
For the migration assays, 5x10"5 cells were suspended
in serum-free medium and added to the upper cham-
ber, while the lower chamber contained medium supple-
mented with 10% FBS. For the invasion assays, 510”5
cells were seeded in the upper chamber precoated with
Matrigel and cultured in serum-free medium, while the
lower chamber contained medium supplemented with
10% FBS. After incubation for 24 h, the cells that had
migrated or invaded were stained with crystal violet and
observed by microscopy.

Wound healing assay

Gastric cancer cells were seeded in six-well plates
and cultured until they reached 80-90% confluence.
A Wound-Healing was made in the middle of each
well using a 1000 pL pipette tip. The medium was then
replaced with serum-free medium, and the cells were cul-
tured for 48 h to promote migration and healing within
the Wound-Healing area. The Wound-Healing distance
was measured in five different areas using a microscope
and image processing software (Photoshop). The percent-
age of Wound-Healing healing was calculated to evaluate
cell migration and healing.
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Apoptosis assay

The culture supernatants and wash solutions were col-
lected, and the cells were digested with trypsin and
neutralized with complete medium. The cells were then
washed multiple times with PBS and were centrifuged
and resuspended. Annexin V binding buffer was added
once the cell suspension was adjusted to a specific con-
centration. A portion of the cell suspension was stained
in the dark with Annexin V-APC and 7-AAD and incu-
bated. After the Annexin V binding buffer was added,
apoptosis was detected using flow cytometry. The control
groups included unstained cells and cells stained with
only Annexin V-APC or 7-AAD for comparative analysis.

Coimmunoprecipitation (Co-IP)

Protein-protein interactions were determined using
Co-IP. Gastric cancer cells or HEK-293T cells were cul-
tured in 10 cm dishes and lysed in 1 mL of IP lysis buffer
(PO013FE, Beyotime) supplemented with a protease inhibi-
tor cocktail and phosphatase inhibitors. The cells were
then sonicated and centrifuged, and nonspecific binding
was prevented by incubating the supernatant with Pro-
tein A/G Magnetic Beads. Subsequently, the supernatant
was incubated overnight with the corresponding anti-
body, followed by incubation with Protein A/G magnetic
beads on a rotating platform at 4 °C for 4 h. Finally, West-
ern Blotting experiments were conducted.

Ubiquitination assay

For this assay, gastric cancer cells or HEK-293T cells were
pretreated with the specified plasmids for 24 h, followed
by treatment with 20 uM MG-132 for 6 h. The cells were
then lysed in IP lysis buffer and fixed. The CYLD protein
was immunoprecipitated using an anti-Myc antibody and
Protein A/G magnetic beads and purified with a mag-
netic rack, after which the supernatant was discarded.
Immunoprecipitates were subsequently analysed by
Western Blotting.

Xenograft tumour model

Four-week-old female BALB/c nude mice were obtained
from Shulaibao (Wuhan) Biotechnology Co., Ltd. Twelve
mice were randomly divided into two groups, and
HGC-27 cells (5x1076 cells/100 pL) were subcutane-
ously injected bilaterally to establish a xenograft gastric
cancer model. Tumour size was monitored weekly, and
after 4 weeks, tumours were harvested. Tumour volume
was calculated according to the following formula: V
(cm®=1/2 x length x width® 17. All animal experiments
were approved by the Animal Care and Use Committee
of Wuhan University.
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Statistical analysis

Statistical analyses were conducted using SPSS 22.0 and
GraphPad Prism 9.0 software. Significant differences
between groups were assessed using t tests or one-way
ANOVA. The data from three independent experiments
are expressed as the means+SDs, and p values<0.05
indicate statistical significance.

Results

High TRIM47 expression in gastric cancer tissues is linked
to a poor prognosis

Using the TIMER database, we discovered a significant
increase in TRIM47 expression across various tumours,
including oesophageal cancer, head and neck cancer,
cholangiocarcinoma, and colon cancer. Conversely,
TRIM47 expression was lower only in renal clear cell car-
cinoma, prostate cancer, and endometrioid carcinoma
(Fig. 1A). Independent analysis of gastric cancer data
from the TCGA cohort revealed a notable upregulation
of TRIM47 transcription in gastric cancer tissues. Pair-
wise differential expression analysis further confirmed a
significant increase in TRIM47 expression in gastric can-
cer tissues (Fig. 1B and C). Immunohistochemical stain-
ing was performed to evaluate TRIM47 expression levels
in 20 pairs of gastric cancer tissues and adjacent nontu-
mor tissues from gastric cancer patients and revealed a
significant increase in TRIM47 protein in gastric cancer
tissues (P<0.05) (Fig. 1D and E). Subsequently, west-
ern blot results demonstrated that the protein level of
TRIM47 in gastric cancer was conspicuously higher than
that in adjacent normal gastric tissue (P<0.05) (Fig. 1F
and G). We analyzed the effect of TRIM47 upregula-
tion using the BEST website. The results demonstrated
that in most datasets, gastric cancer patients with high
TRIMA47 expression had shorter overall survival than
those with low TRIM47 expression(Fig. 1H). Finally, we
leveraged gastric cancer patient data from the TCGA
database (comprising 379 cases) and categorized patients
into TRIM47 high expression and low expression groups
based on the TRIM47 expression levels. Then, the rela-
tionship between TRIM47 expression and the gender,
age, tumor grade, tumor stage and TNM stage of patients
was analyzed. Table 1 shows the correlation between
TRIM47 expression level and N stage (P<0.05).

TRIM47 promotes the proliferation, invasion, and
migration of gastric cancer cells

We first examined the expression of TRIM47 in both
normal gastric mucosal epithelial cells (GES-1) and gas-
tric cancer cell lines (AGS and HGC-27). TRIM47 was
expressed at higher levels in AGS cells and at lower levels
in HGC-27 cells (Fig. 2A). Subsequently, we established
stable AGS cell lines in which TRIM47 was knocked
down. Meanwhile, AGS and HGC-27 cell lines in which
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Table 1 Correlations between expression of TRIM47 protein and
clinicopathological factors

Characteristics Number TRIM47 Expression PValue
Low(N=179) High(N=200)

Age P=0.266

<65 160 70 90

>=65 216 107 109

Gender P=0.861

MALE 241 115 126

FEMALE 138 64 74

Grade P=0.627

G1-2 149 67 82

G3-4 223 106 117

Stage P=0.076

Stage |-l 168 70 98

Stage llI-IV 188 96 92

T P=0.181

T1-2 104 43 61

13-4 267 131 136

M P=0.750

MO 339 159 180

M1 23 10 13

N P=0.019

NO-1 216 87 129

N2-3 146 77 69

TRIM47 was overexpressed. We validated these altera-
tions at the RNA and protein levels (Fig. 2B and C). The
CCK8 results indicated that TRIM47 overexpression
significantly enhanced cell proliferation, while TRIM47
knockdown inhibited proliferation (Fig. 2D). Consistent
with these findings, the results from the EDU assays fur-
ther supported this conclusion (Fig. 2E and F). Addition-
ally, TRIM47 overexpression promoted colony formation,
while TRIM47 knockdown inhibited colony formation
(Fig. 2G and H). These findings suggest that TRIM47
overexpression facilitates cell proliferation, while
TRIM47 knockdown suppresses proliferation, regardless
of the duration.

Subsequently, the effects of TRIM47 on migration
and invasiveness of gastric cancer cells were exam-
ined. Wound healing experiments showed that TRIM47
knockdown inhibited cell migration, while TRIM47
overexpression increased cell migration (Fig. 3A and
B). Consistent with these findings, Transwell experi-
ments showed that TRIM47 knockdown inhibited the
cells” ability to invade and migrate. Overexpression of
TRIM47 increased the invasion and migration of cells
(Fig. 3C and D). Since epithelial mesenchymal transi-
tion (EMT) is a hallmark of migration and metastasis, we
evaluated the expression of several EMT markers18. The
results showed that TRIM47 knockdown decreased the
expression of EMT transcription factor Snaill and mes-
enchymal markers N-cadherin, while epithelial mark-
ers Occludin and E-cadherin increased expression. In
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contrast, overexpression of TRIM47 had the opposite
effect (Fig. 3E and F). Overall, these results demonstrate
that TRIM47 is a key factor that promotes the prolifera-
tion, invasion, and migration of gastric cancer cells and
can induce the EMT process.

TRIM47 suppresses apoptosis in gastric cancer cells

To further investigate the effect of TRIM47 on apopto-
sis in gastric cancer cells, flow cytometry was performed.
The results showed that the apoptosis rate of gastric can-
cer cells was significantly increased after TRIM47 knock-
down, and overexpression of TRIM47 could reduce the
apoptosis rate of gastric cancer cells (Fig. 4A-C). Subse-
quently, Western Blotting was used to detect the expres-
sion of apoptosis-related markers. The results showed
that in cells where TRIM47 was knocked out, the expres-
sion levels of Bax and cleaved caspase-3 were increased,
while the expression of Bcl-2 was decreased. Conversely,
in cells overexpressed with TRIM47, Bax and cleaved
caspase-3 expression were decreased, and Bcl-2 expres-
sion was increased (Fig. 4D). These observed trends at
the protein level further emphasize the role of TRIM47 in
promoting apoptosis when knocked down and inhibiting
apoptosis when overexpressed.

TRIMA47 regulates the proliferation, invasion, and migration
of gastric cancer cells via the NF-kB pathway

To elucidate the regulatory mechanism of TRIM47 in
gastric cancer progression, we first conducted gene
set enrichment analysis (GSEA) on RNA-seq data,
which revealed a significant overlap between genes tar-
geted by the NF-kB signaling pathway and dysregulated
TRIMA47 expression (Fig. 5A). Considering the critical
role of I-kBa and P65 in the NF-kB signaling pathway,
we detected total protein expression and phosphoryla-
tion levels of I-kBa and P65 in TRIM47 overexpression
and knockdown gastric cancer cells by Western blot
assay. The results showed that the phosphorylation lev-
els of I-kBa and P65 were significantly reduced in AGS
cells with TRIM47 knockdown, while the phosphoryla-
tion levels of I-kBa and P65 were increased in AGS and
HGC-27 cells with TRIM47 overexpression (Fig. 5B). It
is suggested that TRIM47-mediated promotion of gastric
cancer cell proliferation and invasion may depend on the
activation of NF-kB pathway. To verify this possibility, we
performed rescue experiments. Stably transfected AGS
and HGC-27 cells were treated with the NF-kB pathway
inhibitor BAY 11-7085 (10 umol/L). The results showed
that the addition of BAY 11-7085 inhibited the biology of
gastric cancer cells and was able to rescue overexpression
of TRIM47 on the proliferation, invasion and migration
of gastric cancer cells (Fig. 5C-I). Besides, BAY 11-7085
inhibited the EMT process in gastric cancer cells and res-
cued the ability of TRIM47 overexpression to promote
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the EMT process in these cells (Fig. 5J). In summary,
TRIM47 may regulate gastric cancer cell proliferation,
migration, invasion, and EMT through activation of the
NEF-«B pathway.

TRIMA47 regulates the proliferation, invasion, and migration
of gastric cancer cells by modulating the Lys48-linked
ubiquitination of CYLD
To further elucidate the downstream targets of TRIM47,
we explored potential interacting proteins using the
BioGRID website (Fig. 6A). CYLD has been implicated
in the NF-kB pathway and is thus a candidate for fur-
ther investigation. Immunoprecipitation experiments
using HEK-293T cells revealed that TRIM47 antibody-
purified cell proteins contained the CYLD protein, and
vice versa, which confirms their interaction in HEK-
293T cells (Fig. 6B). Additionally, we verified the interac-
tion between TRIM47 and CYLD in the gastric cancer
cell lines AGS and HGC-27 (Fig. 6C). To investigate the
upstream-downstream relationship between TRIM47
and CYLD, we extracted proteins and RNA from
TRIM47-overexpressing or TRIM47-knockdown AGS
and HGC-27 cells and control cells. Western blot and
qPCR experiments showed that TRIM47 overexpression
led to a decrease in CYLD protein levels, while TRIM47
knockdown resulted in an increase, although CYLD RNA
levels remained unchanged with variations in TRIM47
expression (Fig. 6D and E). Subsequently, we further
validated the impact of TRIM47 on CYLD protein sta-
bility through a series of experiments. Initially, Western
blot experiments revealed that as TRIM47 expression
increased, CYLD protein levels gradually decreased in
AGS and HGC-27 cells (Fig. 6F). To confirm the effect
of TRIM47 on CYLD protein stability, we treated gastric
cancer cells with the protein synthesis inhibitor cyclohex-
imide (CHX) and monitored changes in the CYLD pro-
tein half-life. The results showed that following TRIM47
overexpression, the degradation rate of the CYLD protein
in gastric cancer cells significantly increased over time
compared with that in control cells (Fig. 6G and H).
Next, we treated AGS and HGC-27 gastric cancer
cells with the lysosomal inhibitor chloroquine (CQ) or
the proteasome inhibitor MG-132. We observed that
TRIM47 overexpression significantly reduced CYLD
protein levels and that the addition of MG-132 reversed
the decrease in CYLD protein levels induced by TRIM47
overexpression, while CQ did not (Fig. 7A). In summary,
we speculate that TRIM47 affects the protein stability of
CYLD by regulating its ubiquitination level. To validate
this speculation, we transfected the corresponding ubigq-
uitin plasmids and CYLD overexpression plasmids into
AGS and HGC-27 cells stably transfected with TRIM47
or empty vector. We then performed Western blot exper-
iments to detect the ubiquitination level of the CYLD
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protein. The results showed that TRIM47 overexpression
increased the ubiquitination level of CYLD protein in
gastric cancer cells (Fig. 7B). Eight different polyubiquitin
chains are common (seven lysine residues: K6, K11, K27,
k29, k33, K48, k63, and one methionine residue, M1). We
performed co-immunoprecipitation experiments with
HEK-293T cells transfected with UB-K6R, UB-KI11R,
UB-K27R, UB-K33R, UB-K48R and UB-K63R plasmids,
and the results showed that K48R mutation reduced the
ubiquitination level of CYLD. This suggests that TRIM47
primarily stimulates Lys48-linked CYLD ubiquitina-
tion (Fig. 7C and Fig. S1). In addition, Western Blotting
showed that TRIM47 overexpression only increased the
ubiquitination level of CYLD in 293T cells transfected
with UB-K48, while TRIM47 knockdown only decreased
the ubiquitination level of CYLD in 293T cells trans-
fected with UB-K48 (Fig. 7D and E).

To investigate the role of CYLD in TRIM47-mediated
malignant transformation of gastric cancer cells, we per-
formed corresponding rescue experiments. Our CCK-8
experiments showed that TRIM47 overexpression signifi-
cantly enhanced the viability of gastric cancer cells, while
CYLD overexpression restored its role (Fig. 8A). Similar
results were observed in EAU experiments (Fig. 8B and
Fig. S2A). In addition, Wound healing and transwell
assays showed that CYLD overexpression rescued the
effects of TRIM47 on migration and invasion of gastric
cancer cells (Fig. 8C-D and Fig. S2B-C). Further western-
blotting experiments showed that TRIM47 overexpres-
sion promoted the expression of EMT markers, whereas
CYLD overexpression restored its role (Fig. 8E).

TRIM47 promotes tumour growth in gastric cancer in vivo

To further investigate the role of TRIM47 in tumour pro-
gression, we employed an in vivo model. Specifically, we
performed a subcutaneous injection of HGC-27 cells that
either stably overexpressed TRIM47 or that were trans-
fected with an empty vector control into the flanks of
nude mice. We meticulously measured the tumour vol-
ume and weight. The results showed that TRIM47 over-
expression significantly promoted tumour growth in this
subcutaneous xenograft model (Fig. 9A and B), and both
tumour weight and tumour volume were significantly dif-
ferent (Fig. 9C and D). IHC and Western blot confirmed
the effective overexpression of TRIM47 in the xeno-
graft tumours. Notably, TRIM47 overexpression also
led to significant downregulation of CYLD expression
in xenograft tumours. Ki-67 staining revealed a marked
increase in the proliferation index of tumour cells in the
TRIM47 overexpression group, while the expression level
of E-cadherin was decreased (Fig. 9E-G). In summary,
these in vivo experiments further support the conclusion
that TRIM47 overexpression promotes tumour growth
and proliferation and induces EMT in tumour cells. This
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study demonstrated that TRIM47 modified CYLD pro-
tein by ubiquitination, promoted CYLD degradation
through the ubiquitin-proteasome system, and activated
the NF-«B pathway to regulate the biological behavior of
gastric cancer(Fig. S3).

Discussion

Gastric cancer remains one of the most common malig-
nant tumours and a leading cause of cancer-related
deaths worldwide. In recent years, the incidence and
mortality rate of gastric cancer remain high, which
brings serious economic pressure and social burden [1].
Although the overall incidence of gastric cancer is declin-
ing, significant variations in incidence and mortality rates
persist across different countries. However, the lack of

early diagnostic markers, limited treatment options, and
delays in the development of targeted therapies empha-
size the urgent need for more reliable diagnostic indica-
tors and more effective treatment strategies.

Tripartite Motif-Containing 47 (TRIM47) is a mem-
ber of the TRIM protein family [11]. Previous studies
have shown that TRIM47 is involved in the pathogen-
esis and progression of a variety of diseases, especially
its abnormal expression in a variety of tumors [14—16].
In this study, we used bioinformatics methods to verify
that TRIM47 is highly expressed in most cancers. We
then analysed TRIM47 expression levels in 20 pairs of
gastric cancer and adjacent noncancer tissues collected
from patients at our centre. Both the immunohistochem-
istry and Western blot results indicated that TRIM47
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is highly expressed in gastric cancer tissues. Analysis of
clinical data from the TCGA database further revealed
that TRIM47 is associated with lymph node metastasis in
gastric cancer.

To further investigate the role of TRIM47 in gastric
cancer, we constructed stable cell lines with TRIM47
overexpression or knockdown and conducted a series of
functional assays. TRIM47 overexpression significantly
promoted the proliferation, invasion, and migration of
gastric cancer cells, whereas TRIM47 knockdown had
the opposite effects. Additionally, our in vivo experi-
ments confirmed that the subcutaneous tumour volume
and weight in the TRIM47-overexpressing group were
significantly greater than those in the control group.
Immunohistochemical staining of tumour tissues from
nude mice also indicated increased expression of prolif-
eration-related markers in the TRIM47 overexpression
group. These findings suggest that TRIM47 plays a cru-
cial role in promoting the proliferation, invasion, and
migration of gastric cancer cells. Previous studies have
demonstrated that TRIM47 overexpression promotes
tumour proliferation, invasion, and migration in renal
cell carcinoma, breast cancer, glioma, and pancreatic
cancer, while TRIM47 knockdown inhibits these malig-
nant behaviours [15, 19-22]. These results align with our
finding, which indicate that TRIM47 plays a vital role in
promoting the malignant biological behaviours of gastric
cancer. In this study, we used Western Blotting to verify
the effect of TRIM47 on EMT [23, 24]. We observed that
TRIM47 overexpression enhanced the EMT process in
gastric cancer cells. Conversely, TRIM47 knockdown
inhibited the ability of gastric cancer cells to acquire an
EMT phenotype.

The NF-«B (nuclear factor-kappa B) pathway is a cru-
cial cellular signaling pathway involved in the regula-
tion of various biological processes, such as immune
responses, cell survival, and inflammation [25]. The
NF-xB family consists of five members: p65 (RelA),
RelB, c-Rel, p50, and p52. These members form different
dimers, primarily p50/p65 and p52/RelB, which regu-
late gene transcription and mediate cellular responses to
various stimuli [26, 27]. Abnormal activation of NF-kB
is closely associated with autoimmune diseases, various
inflammatory conditions, and tumorigenesis [28-30].
In this study, we found that TRIM47 may influence gas-
tric cancer progression through the NF-kB pathway. The
western blot results indicated that TRIM47 overexpres-
sion promoted activation of the NF-kB pathway, while
TRIM47 knockdown had the opposite effect. Further-
more, treatment of TRIM47-overexpressing gastric can-
cer cells (AGS and HGC-27) with the NF-kB pathway
inhibitor BAY 11-7085 reversed the TRIM47-induced
increase in cell proliferation, migration, and invasion.
This finding was further confirmed by the protein levels
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of EMT-related markers. In summary, TRIM47 regulates
the malignant biological behaviour of gastric cancer cells
by activating the NF-«B signaling pathway.

Based on previous research, we established that
TRIMA47 regulates gastric cancer progression by acti-
vating the NF-«B signaling pathway. Additionally, we
identified a potential interaction between TRIM47 and
CYLD. A review of the literature indicated that CYLD
downregulation can promote breast cancer metastasis by
activating the NF-kB pathway [31]. CYLD is a deubiquiti-
nating enzyme that negatively regulates the NF-kB path-
way through TNFR family members 32. Furthermore, the
tumour suppressor CYLD interacts with TRIP to coregu-
late the negative activation of the NF-kB pathway [33].
Therefore, we hypothesized that CYLD might mediate
TRIMA47-induced activation of the NF-«B pathway. To
test this hypothesis, we conducted Co-IP assays and con-
firmed the interaction between TRIM47 and CYLD.

Ubiquitination is a crucial intracellular mechanism for
protein degradation and regulation and is facilitated by
the ubiquitin-proteasome system. This system includes
ubiquitin proteins, ligases, substrate proteins, and pro-
teasomes, which collectively regulate the content and
function of intracellular proteins [34]. Ubiquitination
modulates a range of vital biological processes, including
cell proliferation, apoptosis, and DNA repair, by regulat-
ing key signaling pathway proteins, cell cycle proteins,
and inhibitory regulatory proteins [35]. In gastric can-
cer, POU5F1 promotes cell proliferation, migration, and
invasion by reducing the ubiquitination level of TRAF6
[36]. TRIM29 enhances the ubiquitination of IGF2BP1
in gastric cancer, which leads to the downregulation of
PD-L1 and the promotion of antitumour immunity [37].
TRIM31 promotes gastric cancer cell proliferation and
invasion by regulating Axinl protein stability and acti-
vating the Wnt/p-catenin pathway [38]. Eight types of
ubiquitin chains have been identified (K6, K11, K27, K29,
K33, K48, K63, and M1), and each leads to different out-
comes for the proteins involved [39]. In this study, we
found that TRIM47 is involved in the proteasome-medi-
ated degradation of CYLD. Ubiquitination assays showed
that TRIM47 overexpression increased the level of ubiq-
uitinated CYLD in the gastric cancer cell lines AGS and
HGC-27. Additionally, we discovered that TRIM47 pro-
motes CYLD degradation through the ubiquitin—pro-
teasome system by modifying CYLD with K48-linked
ubiquitin chains.

In conclusion, this study demonstrated that TRIM47
promotes gastric cancer cell proliferation and inva-
sion by modifying CYLD with K48-linked ubiquitin
chains, thereby activating the NF-«B signaling pathway.
Our findings indicate that TRIM47 may act as a novel
oncogene and provide a theoretical basis for the diag-
nosis and treatment of gastric cancer. Although in vitro
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experiments have confirmed that TRIM47 promotes gas-
tric cancer progression through the CYLD/NF-«B signal-
ing pathway, further in vivo functional studies are needed
to validate these results. Therefore, more comprehensive
research is required to address these questions in future
studies.

Supplementary Information
The online version contains supplementary material available at https://doi.or
g9/10.1186/513062-024-00555-1.

Supplementary Material 1
Supplementary Material 2

Supplementary Material 3

Supplementary Material 4
Supplementary Material 5

Supplementary Material 6

Acknowledgements
All authors reviewed and approved the final manuscript.

Author contributions

Jw., c.c. and w.w. designed the study. J.w., jy., and rl. performed the
experiments. J. w. and jiy. analyzed and counted the experimental data. c.c.
and rl. wrote the article.All authors reviewed the manuscript.

Funding

Foundation Project: Natural Science Foundation of Hubei Province
(No.2023AFB734) and the Research support fund of Hubei Microcirculation
Society (Grant No: HBWXH2024(1)-1).

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate

This study was approved by the Ethics Committee of Renmin Hospital of
Wuhan University and the Animal Research Ethics Committees at Renmin
Hospital of Wuhan University.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 16 July 2024 / Accepted: 28 October 2024
Published online: 08 November 2024

References

1.

Sung H, Ferlay J, Siegel RL, et al. Global Cancer statistics 2020: GLOBOCAN
estimates of incidence and Mortality Worldwide for 36 cancers in 185 coun-
tries. CA Cancer J Clin. 2021;71(3):209-49. https://doi.org/10.3322/caac.21660.

2. Machlowska J, Baj J, Sitarz M, Maciejewski R, Sitarz R. Gastric Cancer: epidemi-
ology, risk factors, classification, genomic characteristics and treatment strat-
egies. Int J Mol Sci. 2020,21(11):4012. https://doi.org/10.3390/ijms21114012.
Published 2020 Jun 4.

3. Siegel RL, Miller KD, Fuchs HE, Jemal A, Cancer, Statistics. 2021 [published

correction appears in CA Cancer J Clin. 2021;71(4):359. https://doi.org/10.332
2/caac.21669]. CA Cancer J Clin. 2021;71(1):7-33. doi: https://doi.org/10.3322/
caac.21654.

20.

21.

23.

Page 17 of 18

Shan C, Zhang Y, Hao X, Gao J, Chen X, Wang K. Biogenesis, functions and
clinical significance of circRNAs in gastric cancer. Mol Cancer. 2019;18(1):136.
Published 2019 Sep 13. https://doi.org/10.1186/512943-019-1069-0

Guan WL, He Y, Xu RH. Gastric cancer treatment: recent progress and future
perspectives. J Hematol Oncol. 2023;16(1):57. https://doi.org/10.1186/51304
5-023-01451-3. Published 2023 May 27.

Qiu H, Cao S, Xu R. Cancer incidence, mortality, and burden in China: a time-
trend analysis and comparison with the United States and United Kingdom
based on the global epidemiological data released in 2020. Cancer Commun
(Lond). 2021;41(10):1037-48. https://doi.org/10.1002/cac2.12197.

Zhao G, et al. The translational values of TRIM family in pan-cancers:
Fromfunctions and mechanisms to clinics. PharmacolTher 2021;227:107881.
https://doi.org/10.1016/j.pharmthera.2021.107881.

Huang N, et al. TRIMfamily contribute to tumorigenesis, cancer development,
and drug resistance. Exp Hematol Oncol11. 2022;75. https://doi.org/10.1186/
s40164-022-00322-w

Gu J, Chen J, Xiang S, Zhou X, Li J. Intricate confrontation: Research progress
and application potential of TRIMfamily proteins in tumor immune escape.
JAdv Res 2023,54:147-179. https;//doi.org/10.1016/j jare.2023.01.011
Hatakeyama S.TRIM Family Proteins: Roles inAutophagy, Immunity, and
Carcinogenesis. TrendsBiochem Sci 2017;42:297-311. https://doi.org/10.1016
/j1ibs.2017.01.002.

Vandeputte DA, Meije CB, van Dartel M, et al. GOA, a novel gene encoding

a ring finger B-box coiled-coil protein, is overexpressed in astrocytoma.
Biochem Biophys Res Commun. 2001,286(3):574-9. https://doi.org/10.1006/b
brc.2001.5431.

Hao MQ, Xie LJ, Leng W, Xue RW. Trim47 is a critical regulator of cerebral
ischemia-reperfusion injury through regulating apoptosis and inflammation.
Biochem Biophys Res Commun. 2019;515(4):651-7. https://doi.org/10.1016/].
bbrc.2019.05.065.

Qian'Y,Wang Z, Lin H et al. TRIM47 is a novel endothelial activation factor that
aggravates lipopolysaccharide-induced acute lung injury in mice via K63-
linked ubiquitination of TRAF2. Signal Transduct Target Ther. 2022,7(1):148.
Published 2022 May 6. https://doi.org/10.1038/541392-022-00953-9

Azuma K; lkeda K, Suzuki T, Aogi K, Horie-Inoue K, Inoue S. TRIM47

activates NF-kB signaling via PKC-¢/PKD3 stabilization and contributes to
endocrine therapy resistance in breast cancer. Proc Natl Acad Sci U S A.
2021;118(35):2100784118. https://doi.org/10.1073/pnas.2100784118.
LiL,YuY, Zhang Z, et al. TRIM47 accelerates aerobic glycolysis and tumor
progression through regulating ubiquitination of FBP1 in pancreatic cancer.
Pharmacol Res. 2021;166:105429. https://doi.org/10.1016/j.phrs.2021.105429.
Han'Y, Tian H, Chen P, Lin Q. TRIM47 overexpression is a poor prognostic
factor and contributes to carcinogenesis in non-small cell lung carcinoma.
Oncotarget. 2017;8(14):22730-40. https://doi.org/10.18632/oncotarget.15188

Qin S, et al. INcRNA FGD5-AS1 is required for gastric cancer proliferation
byinhibiting cell senescence and ROS production via stabilizing YBX1. J Exp
Clin Cancer Res 2024;43:188. https://doi.org/10.1186/513046-024-03103-x.

Li D, et al. Heterogeneity and plasticity of epithelial-mesenchymal transition
(EMT)in cancer metastasis: Focusing on partial EMT and regulatory mecha-
nisms. Cell Prolif 2023;56:€13423. https://doi.org/10.1111/cpr.13423.

Chen JX, Xu D, Cao JW, et al. TRIM47 promotes malignant progression of renal
cell carcinoma by degrading P53 through ubiquitination. Cancer Cell Int.
2021;21(1):129. https://doi.org/10.1186/512935-021-01831-0. Published 2021
Feb 23.

Wei H, Ding C, Zhuang H, Hu W.TRIM47 promotes the development of
glioma by Ubiquitination and Degradation of FOXO1. Onco Targets Ther.
2020;13:13401-11. https://doi.org/10.2147/0TT.5264459. Published 2020 Dec
31

Wang Y, Liu C, Xie Z, Lu H. Knockdown of TRIM47 inhibits breast cancer
tumorigenesis and progression through the inactivation of PI3K/Akt pathway.
Chem Biol Interact. 2020;317:108960. https://doi.org/10.1016/j.cbi.2020.1089
60.

Liu F, Xie B, Ye R et al. Overexpression of tripartite motif-containing 47
(TRIM47) confers sensitivity to PARP inhibition via ubiquitylation of BRCA1

in triple negative breast cancer cells. Oncogenesis. 2023;12(1):13. Published
2023 Mar 11. https://doi.org/10.1038/541389-023-00453-7

Dong D, et al. Cellular and molecular mechanisms of gastrointestinal cancer
livermetastases and drug resistance. DrugResist Updat 2024;77:101125.
https://doi.org/10.1016/j.drup.2024.101125.


https://doi.org/10.1186/s13062-024-00555-1
https://doi.org/10.1186/s13062-024-00555-1
https://doi.org/10.3322/caac.21660
https://doi.org/10.3390/ijms21114012
https://doi.org/10.3322/caac.21669
https://doi.org/10.3322/caac.21669
https://doi.org/10.3322/caac.21654
https://doi.org/10.3322/caac.21654
https://doi.org/10.1186/s12943-019-1069-0
https://doi.org/10.1186/s13045-023-01451-3
https://doi.org/10.1186/s13045-023-01451-3
https://doi.org/10.1002/cac2.12197
https://doi.org/10.1016/j.pharmthera.2021.107881
https://doi.org/10.1186/s40164-022-00322-w
https://doi.org/10.1186/s40164-022-00322-w
https://doi.org/10.1016/j.jare.2023.01.011
https://doi.org/10.1016/j.tibs.2017.01.002
https://doi.org/10.1016/j.tibs.2017.01.002
https://doi.org/10.1006/bbrc.2001.5431
https://doi.org/10.1006/bbrc.2001.5431
https://doi.org/10.1016/j.bbrc.2019.05.065
https://doi.org/10.1016/j.bbrc.2019.05.065
https://doi.org/10.1038/s41392-022-00953-9
https://doi.org/10.1073/pnas.2100784118
https://doi.org/10.1016/j.phrs.2021.105429
https://doi.org/10.18632/oncotarget.15188
https://doi.org/10.1186/s13046-024-03103-x
https://doi.org/10.1111/cpr.13423
https://doi.org/10.1186/s12935-021-01831-0
https://doi.org/10.2147/OTT.S264459
https://doi.org/10.1016/j.cbi.2020.108960
https://doi.org/10.1016/j.cbi.2020.108960
https://doi.org/10.1038/s41389-023-00453-7
https://doi.org/10.1016/j.drup.2024.101125

Wang et al. Biology Direct

24,

25.
26.
27.
28.

29.

30.

32.

33.

(2024) 19:106

Zhang YE, Stuelten CH. Alternative splicing in EMT and TGF-B signaling dur-
ing cancer progression. Semin Cancer Biol. 2024;101:1-11. https://doi.org/10.
1016/j.semcancer.2024.04.001.

Baud, V. & Karin, M. Is NF-kappaB a good target for cancertherapy? Hopes and
pitfalls. Nat Rev DrugDiscov 2009;8:33-40. https://doi.org/10.1038/nrd2781.
Sun, S-C. The non-canonical NF-kB pathway inimmunity and inflammation.
Nat Revimmunol 2017;17:545-558. https://doi.org/10.1038/nri.2017.52.
Bonizzi G, Karin M. The two NF-kappaBactivation pathways and their role in
innate and adaptive immunity. Trends Immunol 2004;25:280-288.

Taniguchi K, Karin, M. NF-kB, inflammation, immunity andcancer: coming of
age. Nat Rev Immunol2018;18:309-324. https://doi.org/10.1038/nri.2017.142.
Hayden MS, Ghosh S. NF-kB, the first quarter-century: remarkable progress
and outstanding questions. Genes Dev. 2012,26(3):203-34. https://doi.org/10.
1101/9ad.183434.111.

LiuT, Zhang L, Joo D, Sun SC. NF-kB signaling in inflammation. Signal Trans-
duct Target Ther. 2017;2:17023. https://doi.org/10.1038/sigtrans.2017.23.
Hayashi M, Jono H, Shinriki S, et al. Clinical significance of CYLD downregula-
tion in breast cancer. Breast Cancer Res Treat. 2014;143(3):447-57. https://doi.
0rg/10.1007/510549-013-2824-3.

Trompouki E, Hatzivassiliou E, Tsichritzis T, Farmer H, Ashworth A, Mosialos

G. CYLD is a deubiquitinating enzyme that negatively regulates NF-kappaB
activation by TNFR family members. Nature. 2003;424(6950):793-6. https://do
1.0rg/10.1038/nature01803.

Regamey A, Hohl D, Liu JW, et al. The tumor suppressor CYLD interacts with
TRIP and regulates negatively nuclear factor kappaB activation by tumor
necrosis factor. J Exp Med. 2003;198(12):1959-64. https://doi.org/10.1084/jem
.20031187.

34.

35.

36.

37.

38.

39.

Page 18 of 18

Liu F, et al. Ubiquitination and deubiquitination in cancer: from mechanisms
to noveltherapeutic approaches. Mol Cancer. 2024;23:148. https://doi.org/10.
1186/512943-024-02046-3.

Mani A, Gelmann EP. Theubiquitin-proteasome pathway and its role in cancer.
J Clin Oncol 2005;23:4776-4789.

Yang W, Cui X, Sun D, et al. POU5F1 promotes the proliferation, migration,
and invasion of gastric cancer cells by reducing the ubiquitination level of
TRAF6. Cell Death Dis. 2023;14(12):802. https://doi.org/10.1038/s41419-023-0
6332-8. Published 2023 Dec 7.

Jiang T, Xia Y, LiY, et al. TRIM29 promotes antitumor immunity through
enhancing IGF2BP1 ubiquitination and subsequent PD-L1 downregulation in
gastric cancer. Cancer Lett. 2024;581:216510. https://doi.org/10.1016/j.canlet.
2023.216510.

Feng Q, Nie F, Gan L et al. Tripartite motif 31 drives gastric cancer cell
proliferation and invasion through activating the Wnt/B-catenin pathway by
regulating Axin1 protein stability. Sci Rep. 2023;13(1):20099. Published 2023
Nov 16. https://doi.org/10.1038/541598-023-47139-z

Xu P, Duong DM, Seyfried NT, et al. Quantitative proteomics reveals the func-
tion of unconventional ubiquitin chains in proteasomal degradation. Cell.
2009;137(1):133-45. https://doi.org/10.1016/j.cell.2009.01.041.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1016/j.semcancer.2024.04.001
https://doi.org/10.1016/j.semcancer.2024.04.001
https://doi.org/10.1038/nrd2781
https://doi.org/10.1038/nri.2017.52
https://doi.org/10.1038/nri.2017.142
https://doi.org/10.1101/gad.183434.111
https://doi.org/10.1101/gad.183434.111
https://doi.org/10.1038/sigtrans.2017.23
https://doi.org/10.1007/s10549-013-2824-3
https://doi.org/10.1007/s10549-013-2824-3
https://doi.org/10.1038/nature01803
https://doi.org/10.1038/nature01803
https://doi.org/10.1084/jem.20031187
https://doi.org/10.1084/jem.20031187
https://doi.org/10.1186/s12943-024-02046-3
https://doi.org/10.1186/s12943-024-02046-3
https://doi.org/10.1038/s41419-023-06332-8
https://doi.org/10.1038/s41419-023-06332-8
https://doi.org/10.1016/j.canlet.2023.216510
https://doi.org/10.1016/j.canlet.2023.216510
https://doi.org/10.1038/s41598-023-47139-z
https://doi.org/10.1016/j.cell.2009.01.041

	﻿TRIM47 drives gastric cancer cell proliferation and invasion by regulating CYLD protein stability
	﻿Abstract
	﻿Background
	﻿Materials and methods
	﻿Bioinformatics analysis
	﻿Collection and handling of gastric cancer specimens
	﻿Cell culture and transfection
	﻿Immunohistochemistry
	﻿Western blotting
	﻿PCR
	﻿Cell counting Kit-8
	﻿EdU assay
	﻿Colony formation assay
	﻿Transwell assay
	﻿Wound healing assay
	﻿Apoptosis assay
	﻿Coimmunoprecipitation (Co-IP)
	﻿Ubiquitination assay
	﻿Xenograft tumour model
	﻿Statistical analysis

	﻿Results
	﻿High TRIM47 expression in gastric cancer tissues is linked to a poor prognosis
	﻿TRIM47 promotes the proliferation, invasion, and migration of gastric cancer cells
	﻿TRIM47 suppresses apoptosis in gastric cancer cells
	﻿TRIM47 regulates the proliferation, invasion, and migration of gastric cancer cells via the NF-κB pathway
	﻿TRIM47 regulates the proliferation, invasion, and migration of gastric cancer cells by modulating the Lys48-linked ubiquitination of CYLD
	﻿TRIM47 promotes tumour growth in gastric cancer in vivo

	﻿Discussion
	﻿References


