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Tripartite motif containing 33 demonstrated anticancer effect
by degrading c-Myc: Limitation of glutamine metabolism
and proliferation in endometrial carcinoma cells
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Abstract. Tripartite motif containing 33 (TRIM33) has been
reported to be involved in various tumor progression. However,
its role in endometrial carcinoma (EC) remains to be eluci-
dated. By mining the publicly available databases UALCAN
and TIMER, low expression of TRIM33 was found in tumor
tissues of EC patients. Clinically,downregulation of TRIM33 in
EC tissues was positively correlated with the extensive muscle
invasion and poor differentiation grade. In vitro, experiments
performed on human HEC-1-A and AN3CA cells showed that
overexpression of TRIM33 inhibited the proliferation, migra-
tion and invasion of EC cells, whereas TRIM33 knockdown
resulted in the opposite results. Furthermore, upregulation
of TRIM33 significantly inhibited the glutamine uptake and
decreased the intracellular glutamate in EC cells, which is
evidenced by the reduction of solute carrier family 1 member
5 and glutaminase. In vivo, TRIM33 also dramatically inhib-
ited tumor growth and glutamine metabolism. Additionally,
co-immunoprecipitation assay confirmed the interaction
between TRIM33 and c-Myc. Overexpression of TRIM33
could reduce the protein stability of c-Myc by promoting its
degradation. In addition, upregulation of c-Myc could reverse
the effects of TRIM33 on EC cells. Together, the present study
demonstrated that TRIM33 acted as a tumor suppressor in EC,
which is manifested in its inhibition of glutamine metabolism
and cell growth via promoting c-Myc protein degradation.
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Introduction

Endometrial carcinoma (EC) is the result of the abnormal
growth of cells in the lining of the uterus or womb, which
commonly occurs following menopause (1). In 2022, cancer
statistics by the American Cancer Society showed that
EC newly occurred in ~65,950 women and the fatality rate
exceeded 4% (2). Although the incidence rate of EC appears
to have stabilized in recent years, the aging of population, the
rising obesity rates and the continued declines in the fertility
rate may also contribute to the increase in EC incidence.
Therefore, exploring reliable and potential therapeutic targets
is essential to treating patients with EC.

Tripartite Motif Containing 33 (TRIM33) is a chro-
matin-associated transcriptional repressor with an N-terminal
RING domain and a C-terminal plant homeodomain
(PHD)-bromodomain cassette structure, which interacts with
post-translationally modified histone tails (3). Studies have
confirmed that TRIM33 facilitates DNA repair (4), regulates
mitosis (5) and controls transcription elongation (6). A recent
study reported that TRIM33 promotes prostate tumor growth
by stabilizing Skp2-mediated androgen receptor degrada-
tion (7). By contrast, Herquel et al (8) demonstrated that
TRIM33 inhibits the progress of murine hepatocellular carci-
noma by forming regulatory complexes in combination with
other transcriptional cofactors. Overexpression of TRIM33
also suppresses the growth of renal clear cell carcinoma both
in vitro and in vivo (9). However, the expression and function
of TRIM33 in EC are not yet fully elucidated.

c-Myc, a helix-loop-helix leucine zipper transcription
factor, dimerizes with its partner protein Max to bind specific
DNA sequences and transactivate the downstream genes (10).
c-Myc serves a vital role in cell growth, differentiation and
apoptosis and its abnormal expression is associated with
oncogenesis (11). Previous studies showed that c-Myc was
highly expressed in various cancers, such as EC (12), prostate
cancer (13), epithelial ovarian carcinoma (14) and colorectal
cancer (15). Inhibition of c-Myc exhibits a significant
anti-proliferative effect and persistent tumor regression (16).
In addition, c-Myc can enhance tumor glutamine metabolism
to promote tumor cell growth (17,18). Although a previous
study suggested that TRIM33 could inhibit the expression of
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c-Myc (9), whether TRIM33 participates in the progress of EC
by directly affecting the stability of c-Myc deserves further
exploration.

The present study aimed to explore the role of TRIM33
in EC cell growth and glutamate metabolism. Furthermore,
in vitro cell experiments (HEC-1-A and AN3CA) and in vivo
xenograft model in BALB/c nude mice were established to
investigate its potential mechanisms.

Materials and methods

Clinical samples. The present study used 81 paraffin-embedded
tumor tissues and fresh-frozen tumor/normal endometrium
tissues (23/20) from patients with EC at the Shengjing
Hospital of China Medical University. Informed consent was
obtained from the participants. All experiments performed in
this study were completed in accordance with the Declaration
of Helsinki as revised in 2013 and approved by the ethics
committee of Shengjing Hospital of China Medical University
(approval no. 2018PS251K). Clinicopathological parameters of
patients are given in Table I.

Cell culture. Human EC cell lines (HEC-1-A and AN3CA)
were purchased from iCell Bioscience Inc. Cell lines were
identified by STR profiling. HEC-1-A cells were cultured in
the McCoy's 5SA medium (Wuhan Servicebio Technology Co.,
Ltd., China) supplemented with 10% fetal bovine serum (FBS;
Zhejiang Tianhang Biotechnology Co., Ltd.). AN3CA cells
were cultured in Minimum Essential Medium (MEM, Beijing
Solarbio Science & Technology Co., Ltd.) supplemented with
10% FBS. Both cell lines were cultured at a condition of 37°C
and 5% CO,.

Plasmid and lentivirus transduction. To overexpress c-Myc,
cells were seeded in 6-well plates at a density of 5x10° cells/well
and incubated in a 37°C, 5% CO, incubator for 24 h, followed
by transfection for 48 h at 37°C with 2.5 ug pDONR223-c-Myc
plasmid (cat. no. G152835; Youbao Biotech) using
Lipofectamine® 3000 (Invitrogen; Thermo Fisher Scientific,
Inc.) according to the manufacturer's protocol. Short-hairpin
(sh)RNAs targeting TRIM33 (TRIM33-1: 5'-GGUAUGUAC
UAGUUGUGAAGA-3'; TRIM33-2: 5'-CCAGCAAGUUGG
UGUAAUACG-3") or its negative control (shNC: 5'-UUC
UCCGAACGUGUCACGU-3") were constructed by General
Biology (Anhui) Co., Ltd. These shRNAs were inserted
into pLVX-shRNAI1 lentivirus vector (Lv; cat. no. VT1456;
Youbao Biotech) to construct Lv-TRIM33-shRNAI,
Lv-TRIM33-shRNA2 and Lv-shNC. To overexpress TRIM33,
the coding sequence of TRIM33 was inserted into the
pLVX-IRES-puro lentivirus vector (cat. no. VT1464; Youbao
Biotech) to construct Lv-TRIM33-OV. Lentivirus was pack-
aged in 293 T cells according to the manufacturer's protocol.
At 72 h later, the virus supernatant was collected and used for
cell infection. Briefly, HEC-1-A and AN3CA cells were seeded
in 6-well plates at a density of 1x10° cells/well. Subsequently,
10 ul of virus (titer=1x10® TU/ml) was added to the culture
medium of HEC-1-A cells while 20 ul virus was added to the
culture medium of AN3CA cells. After being transfected for
48 hata37°Cina 5% CO, incubator, 3 and 2 pg/ml puromycin
were added into the culture medium of HEC-1-A and AN3CA

cells, respectively. The stable express cells were obtained by
puromycin selection for 7 days.

CCK-8 assay. Cell viability was evaluated by a commercial
CCK-8 assay kit (cat. no. CA1210; Beijing Solarbio Science
& Technology Co., Ltd.). Cells were seeded in 96-well plates
at a density of 4x10° cells/well. After incubation for 0, 24,
48 and 72 h at 37°C, 5% CO,, 10 ul CCK-8 solution was added
to each well and incubated for 2 h. The absorbance of the
reactant at 450 nm was measured using a microplate reader
(BioTek Instruments, Inc.).

Colony forming assay. A total of 500 cells were seeded
in a petri dish and cultured in a condition of 37°C with 5%
CO,. At 2 weeks later, cells were fixed with 4% paraformal-
dehyde for 15 min at room temperature. The number of cell
colonies was then counted after staining by Wright-Giemsa
stain (cat. no. DMO0007; Beijing Leagene Biotech Co Ltd.) for
12 min at room temperature.

Wound-healing assay. Wound-healing assay was performed
to assess the cell migration ability. Cells were cultured in a
serum-free medium and treated with 1 yg/ml mitomycin C for
1 h. Scratches were made in each well using a 200 ul pipette
tip. After culturing for 24 h, the migration distance of cells was
recorded by an inverted microscope (Olympus Corporation).

Transwell assay. Transwell assay was performed to assess the
cell invasion ability. Cells were pipetted into the top of the
Transwell chambers, which were pre-treated with Matrigel
for 2 h at 37°C. The culture medium supplemented with 10%
FBS was added to the bottom chambers. After incubating
for 24 h, cells in the lower membrane were fixed with 4%
paraformaldehyde for 25 min at room temperature, and then
stained with 0.1% crystal violet for 5 min at room temperature.
Cells were observed by a IX53 optical microscope (Olympus
Corporation).

Glutamate and glutamine assays. According to the manufac-
turer's instructions, the contents of glutamine and glutamate
were analyzed by a Glutamine Assay Kit (cat. no. A073-1;
Nanjing Jiancheng Bioengineering Institute) and a Glutamate
Assay Kit (cat. no. AO74-1; Nanjing Jiancheng Bioengineering
Institute), respectively.

Immunohistochemistry (IHC). Tissue sections (5 uym
thick) were sequentially subjected to xylene and graded
ethanol solution (100, 95, 85 and 75%) for dewaxing and
rehydration, followed by treatment with antigen retrieval
solution at 100°C for 10 min. Subsequently, sections were
incubated with 3% H,0, for 15 min and then blocked with
1% bovine serum albumin (Sangon Biotech Co., Ltd.).
After incubation with the primary antibodies anti-Ki67
(cat. no. A2094; 1:100; ABclonal Biotech Co., Ltd.)
and anti-TRIM33 (cat. no. sc-101179; 1:100; Santa Cruz
Biotechnology, Inc.) at 4°C overnight, the sections were
incubated with the HRP-Goat anti-Rabbit IgG secondary
antibody (cat. no. 31460; 1:500; Thermo Fisher Scientific,
Inc.) or HRP-Goat anti-Mouse IgG secondary antibody
(cat. no. 31430; 1:500; Thermo Fisher Scientific, Inc.)
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Table I. Correlation between TRIM33 expression and clinicopathological parameters of patients with endometrial carcinoma.

TRIM33 expression level

Clinical parameters Low High Total P-value
Age 0.339
<62 27 21 48
>62 15 18 33
Menopause 0.889
Yes 36 33 69
No 6 6 12
FIGO stage 0.374
/I 35 36 71
v 7 3 10
Muscular invasion endomembrane 0.005¢
<12 16 27 43
>1/2 26 12 38
Differentiated degree 0.018*
Low 10 4 14
Middle 16 8 24
High 16 27 43

Statistically significant. TRIM33, tripartite motif containing 33; FIGO, Federation International of Gynecology and Obstetrics.

at 37°C for 60 min and then stained with a DAB Horseradish
Peroxidase Color Development Kit (cat. no. DAB-1031;
MXB Biotechnologies). Finally, the sections were counter-
stained with hematoxylin for 3 min at room temperature
and observed by a BX53 optical microscope (Olympus
Corporation).

For the evaluation of clinical IHC staining an estab-
lished semi-quantitative approach [Histoscore (H-score)]
was performed as previously described (19). Briefly, The
H-score was calculated by both the intensity of staining and
the percentage of TRIM33 positive cells in tumor cells. The
average of H-score for all clinical cases was calculated using
the following formula: H-score=[1 x (% of cells stained at
intensity category 1) + 2 x (% of cells stained at intensity
category 2) + 3 x (% of cells stained at intensity category 3)].
The intensity categories 1, 2 and 3 represent the weak (less
than 1%), intermediate (0-49%) and strong staining (>49%) of
TRIM33 in tumor cells, respectively. Cases with an H-score
higher than the average score were regarded as high expression
of TRIM33, while cases with an H-core equal or less than the
average are considered as low expression.

Co-immunoprecipitation (Co-IP). HEC-1-A and AN3CA
cells were collected and lysed in the cell lysis buffer
for western and IP (cat. no. POO13, Beyotime Institute
of Biotechnology). A BCA protein assay kit (Beyotime
Institute of Biotechnology) was used to measure the protein
concentration. Next, CO-IP assay was performed using a
Pierce™ Co-IP Kit (cat. no. 26149, Thermo Fisher Scientific
Inc.) according to the manufacturer's instructions. Briefly,
anti-TRIM33 (cat. no. sc-101179; Santa Cruz Biotechnology,
Inc.) or anti-c-Myc antibody (cat. no. 10828-1-AP; Proteintech

Group, Inc.) was immobilized onto a spin column using
coupling resin separately. Then, 500 ul cell lysates (1 pug
protein/ul; Input) were added to the indicated spin column
and kept on a rotator for 2 h at 37°C, respectively. The spin
columns were collected and incubated with 200 ul IP cell
lysis buffer. After centrifuging (1,000 x g for 1 min at room
temperature), washing with modified Dulbecco's PBS (pH 7.4)
and eluting with elution buffer, the eluent was collected for
immunoblotting by anti-TRIM33 and anti-c-Myc antibodies.
Briefly, 20 ul electrophoretic loading solution was separated
by 8 or 12% SDS-PAGE electrophoresis and transferred to
the polyvinylidene difluoride membranes (MilliporeSigma).
After blocking with 5% skimmed milk at room temperature
for 1 h, the membranes were incubated with the primary
antibodies anti-TRIM33 (cat. no. sc-101179, 1:300, Santa Cruz
Biotechnology, Inc.) and anti-c-Myc (cat. no. 10828-1-AP,
1:1,000, Proteintech) at 4°C overnight and then conjugated
with the HRP-labeled Goat Anti-Mouse IgG secondary
antibody (cat. no. A0216; 1:5,000; Beyotime Institute of
Biotechnology) or HRP-labeled Goat Anti-Rabbit IgG
(cat. no. A0208; 1:5,000; Beyotime Institute of Biotechnology)
for 45 min at 37°C. Subsequently, the protein bands were
detected by ECL chemiluminescent substrate (cat. no. PO018;
Beyotime Institute of Biotechnology) and observed by a gel
image processing system (cat. no. WD-9413B; Beijing Liuyi
Biotechnology Co., Ltd.).

Reverse transcription-quantitative (RT-q) PCR. Total RNA
was extracted from tissues or 2x10° cells using TRIpure
reagent (RP1001, BioTeke, Beijing, China) according to the
manufacturer's protocols. The concentration of the RNA
was determined with a NANO 2000 spectrophotometer
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(Thermo Fisher Scientific, Inc.). The BeyoRT II M-MLV
reverse transcriptase (cat. no. D7160L; Beyotime Institute of
Biotechnology) was used for reverse transcription according
to the manufacturer's protocols. SYBR-Green PCR Master
Mix (cat. no. PC1150; Beijing Solarbio Science & Technology
Co., Ltd.) and the Exicycler 96 Real-Time PCR Detection
System (Bioneer Corporation) were employed for RT-qPCR
according to the manufacturer's protocols. The cycling condi-
tions comprised an initial denaturation step for 5 min at 94°C,
followed by 40 cycles at 94°C for 15 sec (denaturation) and
annealing at 60°C for 25 sec and elongation at 72°C for 30 sec.
The primers used were as follows: TRIM33 (forward: 5'-AAC
CCAACGAGCCCTAC-3', reverse: 5-TGAGCCAGCATC
TTCCA-3'); solute carrier family 1 member 5 (SLC1AS;
forward: 5'-CACTGCCTTTGGGACCTCT-3', reverse: 5'-CAG
GATGAAACGGCTGATGT-3'); glutaminase (GLS; forward:
5'-CCAAAGTTCCCTTCTGT-3', reverse: 5-CTTAGTCCA
CTCGGCTC-3"); and c-Myc (forward: 5'-CACCCTTCTCCC
TTCGG-3, reverse: 5'-CAGTCCTGGATGATGATGTTT-3").
The relative quantification of target genes in fresh-frozen
tumor/normal endometrium tissues and the cultured EC cells
was calculated by 22% and 2244 methods (20), respectively.
[-actin was used as an internal control.

c-Myc protein degradation assay. Prior to cell lysis,
HEC-1-A cells were treated with CHX (50 pg/ml) for O,
20, 40, 60 and 80 min to block new protein synthesis.
Lv-Vector/Lv-TRIM33-0OV infected HEC-1-A cells were
treated with 50 yg/ml CHX for 80 min in the absence or pres-
ence of 20 uM MG132. MG132 was used to block proteasomal
protein degradation. Then, the treated cells were subjected to
western blot analysis to detect the expression of c-Myc protein,
as described below.

Western blot analysis. Proteins were extracted from tissues
or cells using the cell lysis buffer for western blotting and
IP (cat. no. PO0O13; Beyotime Institute of Biotechnology).
The protein concentration was determined using a BCA
protein assay kit (cat. no. POO11, Beyotime Institute of
Biotechnology). An equivalent amount of protein (40 ug)
was separated by 8, 10 or 12% SDS-PAGE electrophoresis
and transferred to the polyvinylidene difluoride membranes
(MilliporeSigma). After blocking with 5% skimmed milk at
room temperature for 1 h, the membranes were incubated
with the primary antibodies anti-f3-actin (cat. no. AF0003,
1:1,000; Beyotime Institute of Biotechnology), anti-TRIM33
(cat. no. sc-101179; 1:300; Santa Cruz Biotechnology, Inc.),
anti-SLC1AS5 (cat. no. AF6610; 1:1,000; Affinity Biosciences),
anti-GLS (cat. no. DF13334, 1:1,000; Affinity Biosciences)
or anti-c-Myc (cat. no. 10828-1-AP; 1:1,000; Proteintech
Group, Inc.) at 4°C overnight and then conjugated with the
HRP-labeled Goat Anti-Rabbit IgG (cat. no. A0208; 1:5,000;
Beyotime Institute of Biotechnology) or HRP-labeled
Goat Anti-Mouse IgG secondary antibody (cat. no. A0216;
1:5,000; Beyotime Institute of Biotechnology) for 2 h
at 37°C. Subsequently, the protein bands were detected by
ECL chemiluminescent substrate (Beyotime Institute of
Biotechnology) and observed by the gel image processing
system (cat. no. WD-9413B; Beijing Liuyi Biotechnology
Co., Ltd.). The molecular weight marker was the PageRuler

pre-stained protein ladder (10-180 kDa) from Thermo Fisher
Scientific, Inc.

Animal model. A total of 25 female BALB/c nude mice
(4-weeks old) were purchased from Cavensla Laboratory
Animal Co., Ltd. All mice were housed in a 12-h light/dark
cycle laboratory animal room of 22+1°C and 45-55% humidity,
with free access to food and water. According to the experi-
mental protocol, the 25 mice were randomly divided into
5 groups (5 mice per group), TRIM33-overexpressed or
-silenced HEC-1-A cells were injected into the subcutis of
mice in the corresponding group. Tumor size was measured
every 3 days and then calculated according to the formula:
Tumor volume=0.5 x length x (width)*. At 24 days later, all the
mice were humanely sacrificed via carbon dioxide inhalation
(50% volume displacement/min) and the tumor tissues were
excised for further analysis.

Statistical analysis. Statistical data was presented as
mean + SD. All analyses were performed using GraphPad
Prism 9.0 (Dotmatics). The association between two categorical
variables were compared using Chi-square test. Student's t-test
or one-way ANOVA with Tukey's multiple comparisons test
was used to compare groups for continuous variables. In addi-
tion, the public Tumor IMmune Estimation Resource database
(TIMER?2.0, http://timer.cistrome.org/) and UALCAN data
portal (http://ualcan.path.uab.edu/analysis.html) were used to
analyze the expression of TRIM33 in EC patients. P<0.05 was
considered to indicate a statistically significant difference.

Results

Association between TRIM33 expression and the clinico-
pathological features of patients with EC. Data from the
TIMER?2.0 database and UALCAN data portal showed that
TRIM33 was significantly downregulated in EC tissues
(Fig. 1A and B). However, there was no significant correlation
(P=0.25) between TRIM33 expression and patient outcome
s (Fig. 1C). In addition, downregulation of TRIM33 was
consistently observed in tumor tissues of patients with EC,
regardless of age (Fig. 1D). Similar mRNA levels of TRIM33
were also detected in the collected EC tissues (Fig. 1E). In
addition, it was found that the lower expression of TRIM33
in EC tissues was positively associated with the extensive
muscle invasion and poor differentiation grade (Table I),
but not with the age and the Federation International of
Gynecology and Obstetrics (FIGO) stage (19). The represen-
tative images of IHC staining of TRIM33 in EC tissues are
shown in Fig. 1F.

Effect of TRIM33 on EC cell proliferation, migration and
invasion in vitro. To further investigate the role of TRIM33
in EC progress, TRIM33 overexpressed or silenced HEC-1-A
and AN3CA cell lines were successfully constructed, as
confirmed by the RT-qPCR and western blot assays (Fig. 2A).
CCK-8 assay showed that cell viability was clearly decreased
after TRIM33 overexpression but was increased after TRIM33
knockdown (Fig. 2B). Consistently, colony formation assay
indicated that knockdown of TRIM33 promoted cell prolif-
eration (Fig. 2C and D), whereas overexpression of TRIM33
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Figure 1. TRIM33 is downregulated in tumor samples of patients with EC. (A) The expression of TRIM33 in pan-cancer accessible at the Tumor IMmune
Estimation Resource database (https://cistrome.shinyapps.io/timer/). TRIM33 expression in UCEC is highlighted by the green rectangle. (B) TRIM33 expres-
sion levels in normal and EC tumor samples. Data was derived from UALCAN website (https://ualcan.path.uab.edu/analysis.html) based on The Cancer
Genome Atlas database. (C) Relationship between TRIM33 levels and the survival probabilities of patients with UCEC (data source, UALCAN). (D) The
expression of TRIM33 in UCEC patients at different ages (data source, UALCAN). (E) Expression of TRIM33 at mRNA level in collected 20 normal endo-
metrial tissues and 23 EC tumor samples. (F) Immunohistochemical staining for TRIM33 in EC tissues; five representative images for high and low TRIM33
expression, respectively (magnification, x400). EC, endometrial carcinoma. "P<0.05; “P<0.01; ““P<0.001 and ®P<0.05. TRIM33, tripartite motif containing
33; UCEC, uterine corpus endometrial carcinoma; EC, endometrial carcinoma; IHC, immunohistochemistry; TCGA, The Cancer Genome Atlas database.

suggested that downregulation of TRIM33 enhanced the

inhibited cell proliferation (Fig. 2C and E). Next, results of
migration and invasion abilities of HEC-1-A and AN3CA

wound healing (Fig. 3A-C) and Transwell assays (Fig. 3D-F)
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Figure 2. TRIM33 overexpression inhibits HEC-1-A and AN3CA cell proliferation in vitro. (A) Reverse transcription-quantitative PCR and western blotting
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cells. By contrast, upregulation of TRIM33 could inhibit cell
migration and invasion.

Effect of TRIM33 on glutamine metabolism of EC cell
in vitro. The present study also found that overexpression of
TRIM33 significantly inhibited the glutamine uptake and
intracellular glutamate production in HEC-1-A and AN3CA

cells, whereas TRIM33 knockdown resulted in the opposite
effects (Fig. 4A and B). As a well-known sodium-dependent
glutamine transporter, an increase of SLC1AS5 was observed
in TRIM33-silenced cells (Fig. 4C), but a decrease in
TRIM33-overexpressed cells (Fig. 4D). Meanwhile, RT-qPCR
and western blot assays also confirmed that GLS, a key
amidohydrolase in the rate-limiting step of glutamine-based
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anaplerosis (21), was consistently upregulated after TRIM33  c-Myc mediates the effect of TRIM33 on EC cell in vitro.
knockdown but downregulated after TRIM33 overexpression  Furthermore, the expression of c-Myc in HEC-1-A and
(Fig. 4C and D). AN3CA cells was clearly downregulated following TRIM33
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overexpression, but upregulated following TRIM33 knock-
down (Fig. 5A and B). In addition, the interaction between
TRIM33 and c-Myc was verified in HEC-1-A and AN3CA
cells by Co-IP assay (Fig. 5C). As shown in Fig. 5D, TRIM33
inhibited c-Myc expression at the protein level and blockade
of new protein synthesis by cycloheximide (CHX) suggested
that TRIM33 expression inhibited the stability of c-Myc.
MG132 was then used to block proteasomal protein degrada-
tion. Compared with the negative control group (Lv-Vector
group), cells with forced TRIM33 expression expressed
comparable level of c-Myc in the presence of MG132
(Fig. 5E). To verify whether c-Myc was the intermediate

factor between TRIM33 and ER cell growth, overexpression
of c-Myc (Ov-c-Myc) in HEC-1-A cells was constructed by
plasmid transfection (Fig. 5F). Further analysis of CCK-8
(Fig. 5G) and Transwell (Fig. SH) results showed that over-
expression of c-Myc partially reversed the inhibitory effects
of TRIM33 on the viability and invasiveness of HEC-1-A
cells. Additionally, c-Myc overexpression also promoted the
production of intracellular glutamate in cells with forced
TRIM33 expression (Fig. 5I; Lv-TRIM33-OV+Ov-c-Myc
group vs. Lv-TRIM33-OV+Ov-Vector group), suggesting that
c-Myc was an important factor in the TRIM33-glutamine
regulatory axis.
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Effect of TRIM33 on the tumorigenicity of HEC-1-A cells
in vivo. Considering the anti-tumor effects of TRIM33
in vitro, EC model in BALB/c nude mice was constructed
by subcutaneous injection of HEC-1-A cells. As shown in

Fig. 6A, cells with TRIM33 knockdown exhibited a clear
faster growth rate than cells with TRIM33 overexpression.
Similar differences were also observed in tumor weight
between the TRIM33-overexpressed and -silenced groups
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(Fig. 6B; Lv-TRIM33-shl or Lv-TRIM33-sh2 groups vs. results, TRIM33 knockdown resulted in the clear increase of
Lv-TRIM33-OV group). In lines with the in vitro experimental ~ c-Myc, SLCIAS and GLS, whereas TRIM33 overexpression
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prominently inhibited these protein expressions (Fig. 6C). In
addition, the expression of Ki67, a common cell prolifera-
tion-related molecule, in TRIM33-overexpressed group was
weaker than that of TRIM33-silenced groups (Fig. 6D).

Discussion

The TRIM33 gene is on human chromosome 1p13 and belongs
to a sub-family of chromatin binding TRIM proteins. The
abnormal expression of TRIM33 is associated with the occur-
rence of human diseases, such as psoriasis (22), myocardial
fibrosis (23) and types of cancer (24). The current study is the
first, to the best of the authors' knowledge, to demonstrate that
TRIM33 could suppress EC cell proliferation, migration and
invasion and that these effects were dependent on inhibition of
c-Myc, which is often highly expressed and serves pro-survival
activity in cancer cells (17,18). In addition, the present study
highlighted that the link between TRIM33 and glutamine
metabolism in EC indeed exists.

Glutamine is a nutrient that supports cell energy produc-
tion and biomass synthesis; it has been established that an
important metabolic adaptation of cancer cells is their propen-
sity to exhibit increased glutamine consumption (25), with
some cancer cells dying rapidly with glutamine depletion. For
example, deprivation of glutamine potently inhibited neuro-
blastoma cell proliferation and induced apoptosis (26). The
present study found that TRIM33 could inhibit the glutamine
uptake and intracellular glutamate production in EC cells by
downregulating the levels of SLC1A5 and GLS. SLCI1AS,
a sodium-dependent amino acids transporter, accepts as
substrates all neutral amino acids such as glutamine (27).
Downregulation of SLCIAS results in a decrease of spheroid
cross-sectional area in EC cells, suggesting a reliance on
SLC1A5-mediated glutamine uptake (28). In accordance with
this, the present study showed that upregulation of TRIM33
significantly suppressed SLC1AS and GLS expression in
HEC-1-A and AN3CA cells. GLS is a phosphate-activated
amidohydrolase that catalyzes the cleavage of the y-nitrogen
of glutamine, which is a rate-limiting step of glutamine-based
anaplerosis (21). A previous study suggested that GLS-specific
inhibitor bis-2-(5-phenylacetamido-1,3,4-thiadiazol-2-yl) ethyl
sulfide treatment could blunt tumor progression in a mouse
model of hepatocellular carcinoma (29). Accordingly, it was
hypothesized that TRIM33 might inhibit the proliferation,
migration and invasion of EC cells via regulation of glutamine
metabolism.

Notably, glutamine is a crucial donor of reduced nitrogen
for synthesis of purine and pyrimidines in proliferating
mammalian cells (30-32) and thus participates in regulation
of cell cycle progression. Gaglio et al (25) demonstrated that
reduction or complete depletion of glutamine in K-ras trans-
formed fibroblasts caused a slower re-entry of synchronized
cells into the cell cycle. However, the present study did not
elucidate whether TRIM33 regulates the cell cycle by affecting
the glutamine metabolic pathway, thereby accelerating cancer
cell apoptosis. In addition, the increased glutamine uptake
that is common in types of cancer has been proved to strongly
stimulate mTOR activity (33). Due to the contribution of
mTOR pathway activation in the progression of EC, further
work will be needed to investigate the relationship among
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TRIM33, glutamine metabolism and mTOR pathway in future
EC development.

c-Myc was initially identified as a helix-loop-helix leucine
zipper oncogenic transcription factor that played a crucial
role in DNA replication (34). It was subsequently confirmed
that c-Myc could directly activate several components of the
glucose metabolic pathway to deregulate glycolysis (35). The
present study demonstrated that TRIM33 acted as a tumor
suppressor in EC by reducing the protein stability of c-Myc.
Wise et al (36) demonstrated that oncogenic levels of c-Myc
induces the addiction of proliferating cells to glutamine,
a bioenergetic substrate, to maintain survival. In addition,
proteomic analysis of mitochondria of human B lymphocytes
with forced c-Myc expression revealed that c-Myc enhances
the expression of glutamine metabolism-related enzyme (17).
A consequence of this c-Myc-dependent glutaminolysis is
that c-Myc could directly inhibit the microRNAs (miR-23a
and miR-23b) that targeted the 3'-UTR of GLS mRNA.
Hence, it was hypothesized that TRIM33, acting as an E3
ubiquitin ligase, could inhibit glutamine metabolism in EC
cells via promoting c-Myc protein degradation. Notably, there
is evidence that endogenous TRIM33 levels are inversely
correlated with B-catenin in human glioblastoma specimens,
specifically, that TRIM33 suppresses tumorigenesis by
degrading nuclear B-catenin (37). It is widely known that
aberrant increase in abundance of nuclear [3-catenin trig-
gers upregulation of proto-oncogenes such as c-Myc, which
is hypothesized to be the basis for tumorigenesis (38). Thus,
apart from directly interacting with and ubiquitylating c-Myc,
TRIM33 may also affect c-Myc by regulating -catenin
signaling and thus play a role in EC progression, which
deserves further study.

Additionally, the present study was based on such a limited
number of samples and experiments. In the future, larger
patient cohorts and additional functional assays could be
performed to enhance the understanding of the biological role
of TRIM33 and its feasibility in the diagnosis and treatment of
EC. For example, evidence has been provided that increased
or prolonged exposure to estrogen of the uterus is positively
related to risk of EC development (39). Zhou et al (40) reported
that estrogen significantly accelerates the glutamine metabo-
lism in estrogen-dependent EC cells and this effect is partially
mediated by the expression of c-Myc. Since the present study
demonstrated that TRIM33 inhibited glutamine metabolism
by suppressing c-Myc protein expression, the links between
TRIM33 and glutamine metabolism in clinical EC patients,
especially in the estrogen-dependent type, clearly merits
further study.

In brief, the present study evaluated the potential effects
of TRIM33 on cell viability and tumor growth in human EC
cells (HEC-1-A and AN3CA) and a BALB/c nude mice mouse
model of HEC-1-A. It demonstrated that TRIM33 suppressed
in vitro malignant phenotypes of EC cells and in vivo tumor
growth by promoting c-Myc protein degradation and gluta-
mine metabolism. These findings provide a scientific basis that
TRIM33 maybe a potential target for EC treatment.
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