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Background: Tripartite motif containing 37 (TRIM37) has been demonstrated to function
importantly during the progression of various cancers. However, the role of TRIM37 in gastric
cancer (GC) remains elusive.

Materials and methods: TRIM37 mRNA and protein expressions were determined by
qRT-PCR, Western blot, and immunohistochemical staining in GC specimens. The effects
of TRIM37 on GC cells behavior were evaluated by transwell assays in vitro and metastasis
assay in vivo, respectively. Besides, qRT-PCR, Western blot, and immunofluorescence staining
were employed to detect the expressions of TRIM37 and epithelial-mesenchymal transition
(EMT)-related markers.

Results: The present study revealed that TRIM37 mRNA or protein expression was significantly
increased in GC tissues compared with that in paracancerous control tissues, and its aberrant
overexpression was closely associated with clinical metastasis and poor prognosis in patients
with GC. TRIM37 knockdown significantly suppressed GC cells migration and invasion in vitro,
as well as metastasis in vivo. Inversely, TRIM37 overexpression exerted the opposite effects.
Mechanistic studies suggested that SIP1-mediated EMT might be responsible for TRIM37-
facilitated GC cells migration and invasion.

Conclusion: Our findings revealed that high TRIM37 expression was associated with clinical
metastasis and poor survival in patients with GC. TRIM37 promoted GC cells migration and
invasion via EMT, mediated by the transcription factor SIP1, thus providing a candidate target
for GC treatment.

Keywords: tripartite motif containing 37, gastric cancer, epithelial-mesenchymal transition

Introduction
Gastric cancer (GC) is one of the most common malignancies and the leading cause of
cancer-related deaths worldwide, especially in People’s Republic of China.!? Although
considerable progress has been made in early diagnosis and treatment of GC in recent
decades, including surgical techniques and chemotherapy, the prognosis of patients
with GC remains poor due to the high probability of metastasis and recurrence.** And
the molecular mechanisms responsible for GC metastasis remain poorly characterized.
Therefore, it is imperative to identify novel metastases-related gene targets and the
underlying mechanisms driving GC metastasis, aiming at developing target-specific
treatment for GC.

Recently, epithelial-mesenchymal transition (EMT) has emerged as a well-
documented molecular event that contributes to cancer cells invasion and metastasis.>
The idea that epithelial cells can downregulate epithelial properties and acquire
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mesenchymal features is commonly known as EMT to
focus on its transient nature. During EMT, cells transform
from an epithelial condition to a mesenchymal state, with
the loss of cohesiveness and apical—basal polarity, a change
of cell shape, a remodeling of the cytoskeleton, an increase
in motility, and the acquisition of an invasive phenotype,
which enables the upregulation of the epithelial marker
E-cadherin and the downregulation of the mesenchymal
marker N-cadherin.” As already reported, this switch in
cell differentiation and behavior could be controlled by
transcription factors, including SIP1, Snail, Slug, ZEBI
and Twist.® Given that mesenchymal—epithelial transi-
tion represents the reverse event, it deserves an intensive
exploration of targeted genes-induced reversal of EMT in
cancer metastasis.

Tripartite motif containing 37 (TRIM37), located in the
17g23 chromosomal region, contains RING finger region, a
hallmark of E3 ubiquitin ligases, and belongs to the TRIM
protein family, which functions importantly in cancer
progression.’ In consideration of its E3 ligase activity in
the ubiquitin—proteasome degradation system, TRIM37 has
been demonstrated to result in extensive changes in gene
expression, including multiple tumor suppressors in several
types of cancers.”!” Previous studies revealed that TRIM37
enhanced invasion and metastasis of cancer cells via EMT,
including colorectal cancer, hepatocellular carcinoma (HCC),
and glioma.!'* However, to our knowledge, the expression
pattern and the role of TRIM37 in GC progression have not
yet been elucidated.

Therefore, the present study aimed to examine the clinical
significances of TRIM37 expression in GC tissues and the
role and the underlying mechanism of TRIM37 in the inva-
sion and metastasis of GC.

Materials and methods

Patients, specimens, and cell lines
A total of 120 GC tissue samples were obtained from surgical
tissue blocks in the Fifth Affiliated Hospital of Nantong
University. Corresponding adjacent normal gastric mucosas
were used as control groups. None of these patients had
received preoperative chemotherapy or radiotherapy. Among
them, fresh tissues of 55 cases were used for the detection of
TRIM37 mRNA and protein expressions. Besides, 120 cases
were subjected to immunohistochemical stainings. This study
was approved by the Ethics Committee of the Fifth Affili-
ated Hospital of Nantong University, and written informed
consent was obtained from each patient.

The human GC cell lines (MKN45, MGC803, SGC7901,
KATO-IIL, BGC823, SNU216, and AGS) and normal gastric

epithelial GES-1 cells were obtained from the Type Culture
Collection of the Chinese Academy of Sciences (Shanghai,
People’s Republic of China). KATO-III cells were cultured
in 80% IMDM (ATCC, Manassas, VA, USA) supplemented
with 20% FBS (Gibco, Waltham, MA, USA). The other cell
lines were maintained in RPMI-1640 medium replenished
with 10% FBS. Cells were incubated in a humidified atmo-
sphere containing 5% CO, at 37°C.

RNA isolation and quantitative reverse

transcription polymerase chain reaction
(qQRT-PCR)

Total RNA was isolated from tissues and cells using Trizol
reagent (Thermo Fisher Scientific, Waltham, MA, USA) and
was converted into cDNA using the PrimeScript RT Reagent
Kit (TaKaRa, Japan). The expression level of mRNA was
determined by qRT-PCR using the SYBR Green assay kit
(Takara, Japan). The relative mRNA level was calculated
using the 2724 method. PCR primer sequences are shown
in Table S1.

Western blot analysis

Western blot was conducted using standard procedures as
described previously.'* Briefly, equal amounts of protein
from tissues or cell lysates were separated on SDS-PAGE
and then transferred to polyvinylidene fluoride membranes
(EMD Millipore, Billerica, MA, USA). Membranes were
incubated in 5% defatted dry milk to diminish nonspecific
binding, followed by incubation with a primary antibody
at 4°C overnight. Afterward, membranes were incubated
with a secondary antibody. The bands were detected by the
enhanced chemiluminescence detection reagent (Thermo
Fisher Scientifc, Waltham, MA, USA).

Primary antibody against TRIM37 was purchased
from Abcam (Cambridge, UK). EMT-related antibodies
(E-cadherin, SIP1, Snail, Slug, ZEB1, Twist, and N-cadherin)
were purchased from CST (MA, USA). GAPDH antibody,
used as the loading control, was bought from Bioworld
Technology (MN, USA).

Immunohistochemistry (IHC) and

evaluation

The approach for IHC was carried out as described previ-
ously." Briefly, after deparaffination, rehydration, antigen
retrieval, and block, the slides were incubated overnight with
the primary antibody TRIM37, followed by HRP-conjugated
secondary antibody. Then, the slides were stained with DAB,
counterstained with hematoxylin, and observed under the
microscope by two independent pathologists.
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The staining intensity score was defined as follows:
0 = negative; 1 = weak intensity; 2 = moderate intensity;
3 = strong intensity, and the staining area was scored as
follows: 0 =0%—5%, 1 =6%-25%, 2 =26%—-50%, 3 = more
than 50%. The final score was the sum of the intensity and
extension scores. Scores of 0—2 were expected negative,
and scores of 3—6 were expected positive.

Lentivirus infection

Commercially available TRIM37 short hairpin RNA
(shRNA) and overexpression constructs were pur-
chased from Genechem (Shanghai, People’s Republic of
China). Scrambled sequence or empty vector was used
as a control. The sequence-specific ShRNA to SIP1 was
5’-GAAGGAAGATTATGACACTATG-3'. Cell transfec-
tion was conducted using Lipofectamine 2000 following
the manufacturer’s protocols. The TRIM37 expression was
determined by Western blot. The transfection efficiency was
assessed by Western blot analysis.

Immunofluorescence staining

Following fixation with 4% paraformaldehyde and per-
meabilization with 0.2% Triton X-100, cells were blocked
by 5% BSA. Subsequently, cells were incubated overnight
at 4°C with indicated antibodies against E-cadherin (CST)
and N-cadherin (CST). After washes, cells were incubated
with Alexa Fluor-conjugated secondary antibody (Bioworld
Technology, St Louis Park, MN, USA) and counterstained
with DAPI. Finally, cells were visualized and photographed
using a fluorescence microscope.

Cell migration and invasion assays

Cell migration and invasion assays were conducted as
described previously.'® Briefly, for cell migration assay,
cells were seeded in serum-free medium and added to the top
chamber (8 mm pore size; Corning Incorporated, Corning,
NY, USA). For cell invasion assay, each chamber was coated
additionally with Matrigel (BD Biosciences, San Jose, CA,
USA). The medium with 20% FBS was seeded in the lower
chamber as a chemoattractant. Following incubation for 24
hours, cells on the underside of each chamber were fixed by
using 4% paraformaldehyde, stained with 0.5% crystal violet,
and calculated in five random fields under a microscope.

In vivo tumorigenesis

To determine the effect of TRIM37 on tumor metastasis
in vivo, cells were injected intravenously into the tail vein
of 6-week-old male BALB/c nude mice. Four weeks after
injection, the lungs of nude mice were harvested for the

count of metastatic foci and subsequently processed for
H&E staining and Western blot analysis. The experimental
procedures were approved by the Ethics Committee of the
Fifth Affiliated Hospital of Nantong University and were
carried out according to the institutional guidelines.

Statistical analyses

Chi-squared test was conducted to analyze clinicopatho-
logical characteristics of patients between different groups.
Kaplan—Meier method and log-rank test were carried out to
analyze the survival probabilities. All data were presented
as the mean = SD and were analyzed by Student’s #-test. All
of the statistical analyses were performed using SPSS 21.0
software (IBM Corporation, Armonk, NY, USA). P<0.05
was considered statistically significant.

Results
TRIM37 expression is upregulated in GC
tissues and correlated with the prognosis

of patients with GC

To ascertain the function of TRIM37 in patients with GC,
we first detected the expression levels of TRIM37 mRNA
and protein in 55 pairs of GC tissues and paracancerous
control tissues, respectively, by qRT-PCR and Western blot.
As shown in Figure 1A and B, the qRT-PCR result revealed
that the relative expression level of TRIM37 mRNA was
significantly higher in tumor tissues compared with that in
paracancerous control tissues. Similar results were observed
in the TRIM37 protein analysis (Figure 1C). Furthermore,
we performed the further verification with 120 GC patient
specimens through IHC assay (Figure 1D). The result indi-
cated that TRIM37 expression was stably higher expressed
in tumor tissues compared with that in paracancerous control
tissues (Figure 1E), especially in metastatic tumor tissues
(Figure 1F).

Next, a clinicopathological correlation study manifested
that TRIM37 was significantly associated with T stage,
pTNM stage, and lymph node metastasis, respectively
(P<<0.001, P=0.001, and P<<0.001) (Table 1), implying that
TRIM37 might function importantly in cancer metastasis.
More interestingly, the Kaplan—Meier curve demonstrated
that positivity for TRIM37 was associated with shorter
overall survival in patients with GC (Figure 1G).

TRIM37 expression in GC cell lines

The clinical data analysis demonstrated that TRIM37 over-
expression was positively associated with tumor metastasis
and unfavorable prognosis, which inspired us to investigate
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Figure | Relative TRIM37 expression in GC tissues and its clinical significances.

Notes: (A, B) qRT-PCR analysis of TRIM37 mRNA expression in GC tumor tissues and paracancerous control tissues. (C) Western blot analysis of TRIM37 protein
expression in GC tumor tissues and paracancerous control tissues. (D) Representative IHC images of TRIM37 protein expression in clinical GC samples with or without
metastasis and paracancerous control tissues. (E) Quantitative evaluation of TRIM37 protein expression in tumor tissues and paracancerous control tissues on the basis of
staining scores. (F) Scatterplots of the average staining scores of TRIM37 expression in patients without or with metastasis. (G) Kaplan—Meier analysis of the correlation
between TRIM37 expression and the overall survival of patients with GC. *P<0.05.

Abbreviations: GC, gastric cancer; IHC, immunohistochemistry; qRT-PCR, quantitative reverse transcription polymerase chain reaction; TRIM37, tripartite motif containing 37.

the functional role of TRIM37 in GC cell lines. We detected  upregulated in GC cells (Figure 2A). Additionally, MKN45
the endogenous expression of TRIM37 in six GC cell lines  and MGC803 cells with the highest TRIM37 expression were
and normal gastric epithelial GES-1 cells by Western blot.  selected for transfection with shRNA lentivirus vector toward
Compared to GES-1 cells, TRIM37 expression was distinctly ~ TRIM37 (Figure 2B), and KATO-IIT and AGS cells with the
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Table | Correlation with the clinicopathological features and
TRIM37 expression in patients with GC

Features n | TRIM37 P-value
Negative | Positive

Age (years)
=60 80 |29 51 0.507
<60 40 | 17 23

Gender
Male 79 | 34 45 0.141
Female 41 |12 29

Tumor size (cm)
=5 69 |22 47 0.091
<5 51 |24 27

Lauren’s classification
Diffuse 30 |9 21 0.278
Intestinal 90 |37 53

Lymphatic vessel invasion
With 49 | 15 34 0.148
Without 71 | 31 40

T stage
T +T, 54 | 30 24 <0.001*
T,+T, 66 | 16 50

pTNM stage
I+1 51 |28 23 0.001*
I+ 1v 69 | 18 51

Lymph node metastasis
With 71 | 14 57 <0.001*
(N, +N,+N,)
Without (N,) 49 |32 17

Note: *Mean P<<0.05. Bold text represents T stage: P=0.000; pTNM stage: P=0.001;
and Lymph node metastasis: P=0.000.
Abbreviations: GC, gastric cancer; TRIM37, tripartite motif containing 37.

lowest TRIM37 expression were selected for transfection
with TRIM37-overexpression vector (Figure 2C).

TRIM37 facilitates GC cells migration,
invasion and metastasis in vitro and

in vivo

In the process of tumor metastasis, cancer cells tend to
have stronger migration, invasion, and metastasis abilities.?
To characterize the effect of TRIM37 on GC cells invasion
and metastasis, we noticed that TRIM37 knockdown in
MKN45 cells resulted in morphological alteration, from
a more elongated and spindle-like mesenchymal shape to
a rounded and cuboidal-like epithelial shape. Conversely,
ectopic overexpressing of TRIM37 in AGS cells led to
the opposite phenomenon (Figure 3A). Meanwhile, down-
regulation of TRIM37 expression suppressed MKN45
cells migration and invasion, whereas upregulation of
TRIM37 expression accelerated AGS cells migration and

invasion (Figure 3B). Together, these results indicated that
TRIM37 promoted GC cells migration and invasion in vitro.

To further elucidate the role of TRIM37 in cells metastatic
potential in vivo, the lung metastasis model was established
via the injection of GC cells into the caudal vein in nude mice.
The results revealed that TRIM37 knockdown in MKN45
cells hindered cells metastasis in vivo, as evidenced by a sig-
nificantly less number of lung metastatic nodules (Figure 3C)
and a conspicuous reversal of EMT (Figure 3D). As expected,
TRIM37 overexpression had imposed remarkably opposite
effects on AGS cells metastasis in vivo (Figure 3C and D).
In summary, these results suggested that TRIM37 could
promote GC cells metastasis in vivo.

TRIM37 promotes GC cells invasion
through SIP|-mediated EMT

Accumulating evidences have established a vital role of
aberrant EMT activation in many cancers metastasis pro-
cess by endowing epithelial cells with their migratory and
invasive attributes.’ In this study, we found that TRIM37
knockdown in MKN45 cells resulted in the upregulation of
endogenous E-cadherin mRNA level and the downregulation
of endogenous SIPI and N-cadherin mRNA levels. Whereas
TRIM37 overexpression showed the opposite results in AGS
cells. However, the mRNA levels of transcription factors
(Snail, Slug, ZEB1, and Twist) were not observably affected
in GC cells (Figure 4A). Besides Western blot analysis and
immunofluorescence staining further demonstrated similar
results (Figure 4B and C). Hence, we reasoned that TRIM37
might accelerate GC cells migration and invasion through
EMT probably mediated by EMT-related transcription
factor SIP1.

Next, to confirm the involvement of SIP1 in TRIM37-
mediated GC cells invasion and EMT, the SIP1 expression
was silenced in GC cells (shNC/vector and transfected cells).
We found that SIP1 silencing enhanced shTRIM37-mediated
increase in E-cadherin and decrease in N-cadherin (Figure 5A)
and significantly potentiated shTRIM37-inhibited cell inva-
sion (Figure 5B). Furthermore, shSIP1 led to a substantial
reversal of TRIM37-induced EMT (Figure 5C) and partially
reverted TRIM37-facilitated cell invasion (Figure 5D). Taken
together, these data revealed that TRIM37 promoted GC
cells invasion and EMT, at least in part, via the activation
of transcriptional factor SIP1.

Discussion

Despite great achievements have been made in early diag-
nosis, surgical skills, and chemoradiotherapy over the past
few decades, GC is still one of the most lethal malignancies

OncoTargets and Therapy 2018:1 |
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Abbreviations: GC, gastric cancer; TRIM37, tripartite motif containing 37.

worldwide, especially in People’s Republic of China, where
its morbidity and mortality have demonstrated a troubling
health trend."'” Metastasis remains a dominating impediment
to the curative treatment and bears a major responsibility for
postsurgery recurrence and death in patients with GC.'® Con-
sidering that the spread of cancer cells to distant organs, from
a relatively immobile type to a more invasive phenotype, is
generally considered a key event during cancer progression
and metastasis, novel effective strategies are urgently needed
to restrain the metastatic dissemination of cancer cells. Con-
sequently, the identification of novel therapeutic targets and
a better understanding of the mechanisms involved in GC

cells invasion and metastasis may be conducive to improving
treatment efficacy.

Interestingly, mounting evidences demonstrated that
TRIM37 was aberrantly upregulated in multiple types of
cancer and identified as a key player influencing cancer
cells migration, invasion, and metastasis.!'"'3 For example,
a previous study has reported that TRIM37 was notably
upregulated in human HCC tissues and was closely associated
with clinical metastasis, and TRIM37 overexpression signifi-
cantly enhanced the invasion and metastasis of HCC cells.!?
In pancreatic cancer, TRIM37 was found to be noticeably
higher in pancreatic cancerous tissues compared with that
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Abbreviations: GC, gastric cancer; TRIM37, tripartite motif containing 37.

in matched normal samples. Function analysis demonstrated
that TRIM37 knockdown inhibited pancreatic cancer cells
migration, while TRIM37 overexpression led to the oppo-
site effect, suggesting the key role of TRIM37 in pancreatic
cancer cells migration, and a potential target for pancreatic
cancer treatment.!” Hu and Gan also revealed that TRIM37
enhanced invasion and metastasis of colorectal cancer via
EMT signaling.!' Collectively, these results inspired us to
investigate the specific function of TRIM37 in GC inva-
sion and metastasis and clarify its molecular mechanism.
To test this idea, we first determined TRIM37 expression
in tissues samples. The results demonstrated that TRIM37
expression was dramatically increased in GC samples com-
pared with that in paracancerous control tissues and was
closely correlated with advanced stage, which all suggested

a poor prognosis. We next assessed whether TRIM37 could
influence GC cells behavior. Our current study indicated
that TRIM37 might promote the invasion and metastasis of
GC cells via activating EMT signaling. Thus, it deserved a
further analysis of the relationship between TRIM37 and
EMT.

A well-known function of EMT is thought to act as a
key contributor to cells invasion and metastasis in some
cancers by the transition to a cell phenotype with a more
spindle-like morphology, which reinforces the motility of
individual cells and enables the development of an invasive
phenotype. Hence, targeting EMT in cancer is increas-
ingly accepted as a novel therapeutic strategy to prevent
tumor dissemination in patients at high risk of developing
metastatic lesions or to eradicate existing metastatic cancer
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Notes: (A, C) Western blot analysis of the SIPI-dependent mechanism of TRIM37-inducing GC cells EMT. (B, D) Confirmation of the SIPI-dependent mechanism of

TRIM37-inducing GC cells invasion by transwell assay. *P<<0.05.

Abbreviations: EMT, epithelial-mesenchymal transition; GC, gastric cancer; TRIM37, tripartite motif containing 37.

cells in patients with more advanced stage.?’ Noticeably,
substantial efforts have been made to screen novel targeted
genes that accelerate tumor cell evolution via activating
EMT signaling.?!

Here, we found that TRIM37 overexpression promoted
the EMT process together with the decreased expression of
E-cadherin and increased expression of N-cadherin, whereas
TRIM37 knockdown achieved a reversal of EMT with the
suppression of GC cells invasion and metastasis. Addition-
ally, extensive evidence has confirmed that transcription
factor (such as SIP1, Snail, Slug, ZEBI, and Twist), as a
regulator of EMT, was activated in many types of cancer,
thus facilitating cells invasion and metastasis.?® In this study,

the results showed that TRIM37 overexpression led to the
upregulated expression of SIP1 and in turn accelerated EMT
progression, thereby strengthening the migration and invasion
abilities of GC cells. Inversely, TRIM37 silencing resulted in
the opposite effects. To validate that SIP1 was involved in
TRIM37-induced EMT, the endogenous SIP1 expression was
reduced in GC cells, which weakened TRIM37-induced EMT
and cell invasion and enhanced shTRIM37-inhibited EMT
and cell invasion. Therefore, we could reasonably assume
that TRIM37 promoted GC cells invasion and metastasis by
regulating SIP1-mediated EMT.

However, the mechanism of SIP1 regulating EMT
in this study remains elusive. Transcription factors have
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distinguishing expression profiles; their contributions to
EMT depend on the cell or tissue type involved and the
signaling pathways that drive EMT. They often regulate the
expression of each other and functionally cooperate at target
genes, and additional transcription factors further define the
EMT transcription program and initiate EMT progression.
Taken together, transcription factors coordinate the repres-
sion of epithelial genes and the induction of mesenchymal
genes, and often the same transcription factors direct both
repression and activation.’ Although the further exploration
of the direct or indirect relationship between SIP1 and EMT
is very complex, this deserves an in-depth study in the fol-
lowing research.

Conclusion

In summary, this present study revealed that TRIM37 was
overexpressed in GC tissues and was significantly associ-
ated with clinical metastasis and an unfavorable prognosis
of patients with GC. Besides TRIM37 could promote GC
cells invasion and metastasis via activation of SIP1-indcued
EMT, thus possibly providing a potential specific target for
patients with GC.
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Table S| Primers designed for qRT-PCR

Genes Sequence (5'-3')
Sense Antisense

TRIM37 TCAGCTGTATTAGGCGCTGG ACTTCTTCTGCCCAACGACA
E-cadherin CGAGAGCTACACGTTCACGG GGGTGTCGAGGGAAAAATAGG
SIPI CAAGAGGCGCAAACAAGCC GGTTGGCAATACCGTCATCC
Snail AAGGCCTTCTCTAGGCCCT CGCAGGTTGGAGCGGTCAG
Slug TTCGGACCCACACATTACCT GCAGTGAGGGCAAGAAAAAG
ZEB| GATGATGAATGCGAGTCAGATGC ACAGCAGTGTCTTGTTGTTGT
Twist CAGCTACGCCTTCTCGGTCT CTGTCCATTTTCTCCTTCTCTGGA
N-cadherin TCAGGCGTCTGTAGAGGCTT ATGCACATCCTTCGATAAGACTG
GAPDH AGGGGCCATCCACAGTCTTC AGAAGGCTGGGGCTCATTTG
Abbreviation: gqRT-PCR, quantitative reverse transcription polymerase chain reaction.
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