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ABSTRACT ARTICLE HISTORY
Tripartite motif-containing 21 (TRIM21) has been reported to have a cancer-promoting or anticancer Received 29 October 2021
effect in various tumors; however, its role in ovarian cancer (OC) remains to be elucidated. In this Revised 10 February 2022
study, we explored the biological function of TRIM21 in OC progression and investigated the potential Accepted 10 February 2022
mechanisms. We found that TRIM21 was remarkably decreased in OC tissues and cell lines compared KEYWORDS

with adjacent-cancerous tissues and normal ovarian epithelium cell. Decreased expression of TRIM21 ovarian cancer; TRIM21;

in OC patients was significantly correlated with shorter overall and disease-specific survival by The proliferation; migration
Cancer Genome Atlas database (TCGA) analysis. Functional assays revealed that TRIM21 inhibited the

migration and invasion of OC cells; and that TRIM21 also obviously impaired cell proliferation by

inhibiting cell cycle progression in vitro and in vivo. Taken together, our results suggest that TRIM21

may be a promising biomarker and target for OC diagnosis and treatment.
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Introduction

Ovarian cancer is the most deadliest malignant
tumor in gynecological patients [1]. The standard
therapy includes aggressive surgery, followed by
chemotherapy or radiation [2]. The 5-year survival
rate of OC patients remains at 46%; because of the
lack of appropriate methods for early detection,
increased chemoresistance and limited surgical
debulking [3,4]. Therefore, a novel early diagnostic
and potential therapeutic target for OC needs to be
identified.

TRIM21 belongs to the tripartite motif-
containing (TRIM) family, which can act as an
E3 ligase via its RING domain [5,6]. Initially,
TRIM21 was mainly related to autoimmune dis-
eases and participated in immune responses [ °].
Recently, an increasing number of studies have
suggested that the differential expression of
TRIM21 is positively or negatively with the devel-
opment and prognosis of various tumors. It has
been reported that lower TRIM21 expression indi-
cates poorer prognosis in hepatocellular carcinoma
and diffuse large B-cell lymphoma [10,11], while
TRIM21 is elevated in human glioma, and is asso-
ciated with poor prognosis [12]. Nevertheless, it is
unclear whether TRIM21 is expressed or functions
in OC.

In the present study, we aim to explore the role
of TRIM21 in OC. A tissue microarray (TMA)
was used to explore the expression of TRIM21 in
OC patients first. Then the TCGA database was
used to analyze the connection between TRIM21
expression and prognosis. The results showed
that TRIM21 could serve as an independent
prognostic biomarker in OC. Subsequently,
CCKS8, apoptosis and cycle staining, migration,
and invasion assays were used to analyze the
effect of TRIM21 on the biological function of
OC cells. The Western blot results show that
TRIM21 restricts the proliferation of OC by reg-
ulating p21. TRIM21 promotes apoptosis by
decreasing total caspase-3, total caspase-7 and
total-PARP expression in OC cells. These data
provide new insights into the mechanisms of
OC tumorigenesis and support the potential
value of TRIM21 as a diagnostic and therapeutic
target in OC.

BIOENGINEERED 6025

Materials and methods

TCGA database analysis TRIM21 expression and
ovarian cancer survival

We used Xena (UCSC Xena: https://xenabrowser.
net/) to primarily detect the prognostic effect of
TRIM21 in the ovarian cancer dataset of the
TCGA database. Then we use GraphPad software
to perform statistical analysis on the downloaded
dataset file and plot it including OS and DSS
survival curve.

Tissue microarray (TMA) slides

There are 8 normal ovarian tissues, 20 adjacent
normal ovarian tissues and 588 ovarian cancer
tissues in the tissue microarray (TMA) slides,
which were brought form Avilabio Biotechnology
Ltd., Co (China, Shanxi).

Cell culture and cell treatment

IOSE-80 (IOSE), HO8910, OVCAR3, and SKOV3
were obtained from the cell bank of the Chinese
Academy of Sciences, and were cultured in DMEM
supplemented with 10% fetal bovine serum,
100 U/ml penicillin, and 100 pg/ml streptomycin.
The cells were incubated in the humidified incu-
bator with 37°C and 5% CO..

OC cells were planted in the 6 mm® dishes for
TRIM21 knockdown when the fusion rate reaches
30-40%. siLenFect reagent (Thermo Fisher
Scientific Inc, USA) was used to transfect Small
interfering RNAs (siRNAs, 50 nM) against human
TRIM21 into the OC cells as previously described
[13]. All siRNAs were purchased from
GenePharma Technology (Shanghai, China). The
sequences of siRNAs were described as follows:

si-TRIM21-nc sense: UUCUCCGAACGUGUCA
CGUTT;

si-TRIM21-#1 sense: GACUUCACCUGUUCU
GUGATT;

si-TRIM21-#2 sense: CAGCACGCUUGACAA
UGAUTT;

si-TRIM21-#3
CUCUTT;

Lipofectamine 2000 (Life Technologies) was
used for plasmid transfections, following the man-
ufacturer’s instructions.

sense:GGACCUGGAUAUUAC


https://xenabrowser.net/
https://xenabrowser.net/
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Generation of stable cells using lentivirus

The generation of stable cells using lentivirus was
performed as previously described [14]. Briefly,
TRIM21 ¢cDNA was cloned to the pPCDH1-CMV-
MSC-EF1-Puro vector. Lentiviruses were pro-
duced by co-transfecting HEK293T cells with one
of the expression plasmids and the packaging plas-
mids (psPAX2 and pMD2.G). The supernatants
were collected, filtered and concentrated. The con-
centrated viruses were used to infect SKOV3 and
HO8910 cells. Stable transfection cell lines were
selected with 2 mg/ml puromycin for 15 days.

Western blot analysis and antibodies

Western blot analysis was performed as previously
described [15]. The primary antibodies used in
Western blot are described as follows: TRIM21
(11,039-1-AP, Proteintech), GAPDH (60,004-
1-AP, Proteintech), p21 (10,355-1-AP, Protein-
tech), cyclin D1 (2978 T, Cell Signaling
Technology), cyclin E2 (4132 T, Cell Signaling
Technology), caspase-3 (9662s, Cell Signaling
Technology), caspase-7 (9492P, Cell Signaling
Technology), PARP (9542, Cell Signaling
Technology).

Immunohistochemistry (IHC) and assessment
of IHC

IHC assays were performed as previously
described [16]. Heat-induced epitope retrieval
was performed with retrieval buffer (EDTA, pH
9.0 or citrate, pH 6.0). The primary antibodies
used in IHC are described as follows: anti-
TRIM21 antibody (11,039-1-AP, Proteintech) was
used with 1:400 dilution, anti-Ki-67 antibody
(ab51608, abcam) was used with 1:100 dilution,
anti-p21 antibody (10,355-1-AP, Proteintech) was
used with 1:100 dilution.

The detailed IHC assessment method of TMAs
was performed as previously described [13].
Briefly, the staining scores of TRIM21 were eval-
uated via combining the percentage of cells with
the staining intensity and the IRS (immunoreac-
tivity score, IRS) by three pathologists separately.
The intensity of TRIM21 immunostaining was
scored as 0-3 (0, negative; 1, weak; 2, moderate;

3, strong); the percentage of immunoreactivity
cells was graded as 1 (0-25%), 2 (26-50%), 3
(51-75%), and 4 (76-100%). Relied on the IRS,
the level of TRIM21 expression was categorized
as low (IRS: 0-6) and high (IRS: 8-12) expression.

Cell proliferation, migration, invasion, and
wound healing assays

Cell Counting Kit-8 (Dojindo) was used to mea-
sure cell proliferation according to the manufac-
turer’s protocol.

Cell migration and invasion assay were per-
formed as previously described [17]. Briefly, the
transwell filter inserts were coated with or without
Matrigel (BD Biosciences, Mississauga, Canada),
respectively, for invasion and migration assay.
Cells were treated with serum starvation overnight
and then 2 x 10° cells were seeded in the upper
chamber. After incubated at 37°C with 5% CO2
for 24 and 36 h, the cells were fixed in 90%
methanol and stained with crystal violet. The
cells that had traversed were counted after drying.

The wound healing assay was performed as pre-
viously described [13]. Briefly, Cells were planted in
six-well plates and cultured overnight. Artificial
scratches were made by a sterile 10-pl pipette tip on
each well. PBS was used to wash away the suspended
cells, and then added medium with 1% FBS to the six-
well plates. Cell migration distance was photographed
at 0 and 24 h under an inverted light microscope.

Cell cycle analysis

Forty-eight hours after transfection, cells were col-
lected, washed by PBS, and fixed in pro-cooled
70% ethanol at 4°C for at least 18 hours. Then
the cells were washed twice with PBS, and then the
cell cycle detection kit (Nanjing KeyGen Biotech,
Inc.) was used to perform the cycle analysis.

Apoptosis assay

Annexin V-FITC/PI apoptosis detection kit
(Nanjing KeyGen Biotech, Inc.) was used to per-
form apoptosis assay according to the manufac-
turer’s protocol.



Animal work

BALB/c nude mice (6-8 weeks old) were purchased
from Beijing Vital River Laboratory Animal
Technology Co., Ltd. (Beijing, China). All animal
experiments were approved by the Animal Care and
Use Committee at Xuzhou Medical University
(No. 202101A143). SKOV3 cells (1 x 10”) with
TRIM21 over-expression and control cells were
injected subcutaneously into the flanks of mice. The
tumor volume was calculated every week by using the
formula V = a x (b x b)/2, where a is the largest and
b is the smallest diameter. Twenty-five days later, the
mice were killed and the tumors were weighted and
processed for detecting the expression of TRIM21,
p21 and Ki-67 by IHC.

Statistical analysis

Statistical analyses were conducted using SPSS 20.0
software (SPSS Inc., Chicago, IL, USA) and GraphPad
Prism 7 (San Diego, California). One-way ANOVA
was used for comparison among the different groups.
The association between Trim21 and the clinico-
pathologic parameters of patients with OC was eval-
uated by chi-square test. Statistical differences
between control and overexpression groups were ana-
lyzed by two-tailed Student’s t-test. Data were pre-
sented as mean squared error (SEM). p < 0.05 was
considered statistically significant.

Results

TRIM21 is deregulated in OC patients and
associated with poor prognosis

To investigate the potential role of TRIM21 in
OC progression, immunohistochemistry (IHC)
was performed to detect TRIM21 expression in
ovarian cancer tissue microarray (TMA) slides.
We found that the expression of TRIM21 was
significantly decreased in OC tissues. TRIM21
was predominantly located in the cytoplasm
(Figure la). We classified TRIM21 expression
into low (immunoreactivity score (IRS): 0-6)
or high (IRS: 8-12) groups. There was 100%
high TRIM21 expression in normal tissues; and
19 cases of high expression (95%) in 20 adjacent
tumor tissues, while there were only 329 (56%)
cases of high expression in 588 ovarian cancer
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tissues (Figure 1b). Furthermore, we found that
a higher International Federation of Gynecology
and Obstetrics (FIGO) stage level was associated
with lower TRIM21 expression; similarly,
a higher OC grade was consistent with lower
TRIM21 expression (Figure 1lc-d).

Fisher’s exact test was used to examine the correla-
tion between Trim21 expression and clinicopatholo-
gical characteristics and to understand the clinical
significance of Trim21 in OC. The clinicopathological
characteristics of the patients are summarized in
Table 1.

We further used The Cancer Genome Atlas data-
base (TCGA) to analyze the connection between
TRIM21 expression and the survival period of OC
patients. The results showed that in OC patients,
lower TRIM21 expression was correlated with
shorter overall survival (OS) and disease-specific
survival (DSS) periods (Figure le-f).Our results con-
firmed that TRIM21 expression may serve as
a potential prognostic factor in OC patients.

(A) Representative immunohistochemistry images
of TRIM21 protein expression in normal ovarian and
ovarian cancer tissues. (B) The percentage of TRIM21
staining intensities in ovarian cancer, adjacent normal
ovarian tissues and normal tissue. (C) Analysis of
TRIM21 expression according to FIGO stage in ovar-
ian cancer. (D) Analysis of TRIM21 expression
according to the ovarian cancer Grade. (E) The
decreased TRIM21 is associated with poor overall
survival (OS) in patients with OC predicted by
TCGA database. (F) The decreased TRIM21 is asso-
ciated with poor disease-specific survival (DSS) in
patients with OC predicted by TCGA database.
*p < 0.05, *p < 0.01, **p < 0.001.

TRIM21 suppress OC cells growth in vitro

We detected the expression of TRIM21 in different
OC cell lines using Western blotting to further
investigate the potential biological function of
TRIM21 in OC. Compared with the normal ovar-
ian epithelial cell line (IOSE), ovarian cancer cell
lines (HO8910, OVCAR3, and SKOV3) had lower
TRIM21 expression (Figure 2a-b), which is consis-
tent with the reduced expression in OC tissues.
TRIM21 was further knocked down or overex-
pressed by RNAs (siRNAs) or TRIM21 overex-
pressing plasmids to investigate the biological
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Table 1. Expression of TRIM21 and clinicopathological factors of ovarian cancer patients.

Expression of TRIM21

Features Total Low (%) High (%) x° value P value
588 259(44.0) 329(56.0)

Age (years) 0.549 0.459

<50 310 141(45.4) 169(54.6)

>50 278 118(42.4) 160(57.6)

FIGO stages 279.509 <0.0001

| 410 165(40.2) 245(59.8)

I 84 39(46.2) 45(53.8)

1] 70 39(55.7) 31(44.3)

v 24 16(65.8) 8(34.2)

Grade* 223.039 <0.0001

1 125 39(31.2) 86(68.8)

2 150 60(40.0) 90(60.0)

3 223 116(51.8) 107(48.2)

*Some cases were not available for the information

function of TRIM21 in HO8910 and SKOV3 cells.
The results revealed that TRIM21 expression was
significantly reduced when TRIM21 siRNA was
transfected (Figure 2c), while TRIM21 expression
was significantly upregulated in cells transfected
with the TRIM21 overexpression plasmid
(Figure 2d), as determined by Western blotting.

Given that lower TRIM21 expression was asso-
ciated with worse survival, we wondered whether
TRIM21 accelerates tumor progression by promoting
tumor cell proliferation. The CCK-8 cell assay showed
that when TRIM21 was knocked down, cell prolifera-
tion was drastically increased in both SKOV3 and
HO8910 cells (Figure 2e). Consistently, when
TRIM21 was over-expressed, cells had impaired pro-
liferation ability compared with the control group
(figure 2f).

We further performed colony formation assays
to validate the inhibitory effect of TRIM21 on cell
proliferation. The results showed that colony for-
mation was significantly impaired when SKOV3
and HO8910 cells were transfected with the
TRIM21 overexpression plasmid (Figure 2g-h).
These results indicate that TRIM21 impaired the
proliferation ability of OC cells in vitro.

TRIM21 restricts the migration and invasion
of OC cells

Considering  that peritoneal metastasis is
a common issue in the progression of OC [18],
Transwell assays were performed to investigate
whether TRIM21 may suppress migration and
invasion in OC cells in vitro.

The results showed that TRIM21 deficiency
promoted cell migration in SKOV3 and HO8910
cells (Figure 3a-b). As expected, TRIM21 overex-
pression impaired the migration and invasion abil-
ity of HO8910 and SKOV3 cells (Figure 3c, d, e, f).
Moreover, wound healing assays also confirmed
that TRIM21 overexpression restricted cell migra-
tion and invasion (Figure 3g-h). These data show
that TRIM21 delays the malignant progression of
OC in vitro.

TRIM21 deficiency inhibits OC cell apoptosis
and the cell cycle by regulating p21
expression

In view of our present findings that, TRIM21
deficiency promotes the proliferation of OC cells,
we further explored the effect and underlying
mechanism of TRIM21 on apoptosis and cell
cycle progression in OC cells.

Flow cytometric analysis showed that TRIM21
overexpression increased the apoptosis rate in
SKOV3 cells (Figure 4a-b). Taking the effect of
apoptosis on cell proliferation into consideration,
the influence of TRIM21 on cell cycle was further
examined. The results revealed that the percentage
of cells in the GO/G1 phase was decreased and the
distribution of cells in S phase was increased when
TRIM21 was overexpressed in SKOV3 cells
(Figure 4c-d).

TRIM21 can regulate the expression of p53, Bcl-
2 and GSK3p to induce cell proliferation, migra-
tion, and apoptosis [12,19,20]. We evaluated the
expression of key regulators in the cycle phase
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Figure 2. TRIM21 is decreased in OC cells and impairs the proliferation ability in vitro. (a) The expression level of TRIM21 in
normal ovarian epithelial cell line (IOSE) and ovarian cancer cells was detected by Western blotting. (b) The quantification of the
relative protein level of TRIM21 in different ovarian cell lines and normal ovarian epithelial cell line (IOSE). (c-d) The efficiency of
TRIM21 knockdown and overexpression in SKOV3 and HO8910 cells were detected by Western blot. The quantification of the relative
protein level of TRIM21 was quantified. (e-f) CCK8 assays were used to assess the effect of TRIM21 deficiency and TRIM21
overexpression on cell proliferation in SKOV3 and HO8910 cells. (g-h) TRIM21 over-expression distinctly suppressed the ability of
clone formation both in SKOV3 and HO8910 cells. All experiments were performed in triplicate in triplicate. Data are shown as mean

+ standard deviations. *p < 0.05, **p < 0.01, ***p < 0.001.



transition and apoptosis at the protein level to
explore the potential mechanism of TRIM21 in
the phase transition in OC cells. We found that
TRIM21 overexpression increased the expres-
sion of p21, but had no effect on the expression
of cyclin DI and cyclin E2 (Figure 4e-f).
Moreover, total caspase-3, total caspase-7, and
total-PARP, the main apoptosis factors, were
decreased when TRIM21 was overexpressed
(Figure 4g-h). These data suggested that
TRIM21 may impair cell proliferation by indu-
cing cycle arrest and promoting apoptosis.

a Migration
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(A-B) Apoptosis was detected by Flow cytometry
and quantified when TRIM21 was overexpressed in
SKOV3 cells. (C-D) The cell cycle was detected by
Flow cytometry and quantified when TRIM21 was
overexpressed in SKOV3 cells. (E-F) Western blot
was used to detect cyclically related proteins in
TRIM21 overexpressed SKOV3 cells. The quantifica-
tion of the relative protein level was quantified. (G-H)
Western blot was used to detect apoptosis-related
proteins in TRIM21 overexpressed SKOV3 cells. The
quantification of the relative protein level was quanti-
fied. *p < 0.05, **p < 0.01, ***p < 0.001.
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TRIM21 exerts a suppressive effect on OC

growth in vivo
The
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of TRIM21-overexpressing
SKOV3 cells (OE-TRIM21 group) or vector SKOV3
cells (Vector group) (Figure 5a) was transplanted into

nude mice subcutaneously to explore the effect of
TRIM21 on tumorigenesis in vivo.

The results showed that the OE-TRIM21 group
showed an impaired tumor growth capacity, with
smaller tumor volumes and smaller tumor weights
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than the Vector group (Figure 5b-d). The expression
of TRIM21, and p21 and the nuclear cell proliferation
marker Ki67 in the OE-TRIM21 group and Vector
group were further analyzed by IHC. The representa-
tive images (Figure 5e) showed that the OE-TRIM21
group had a stronger staining intensity of TRIM21
(figure 5f) with fewer Ki-67 positive cells than the
Vector group (Figure 5g).

Furthermore, consistent with the in vitro results,
we found that the OE-TRIM21 group had more p21-
positive cells than the Vector group (Figure 5h).
Taken together, these results showed that TRIM21
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might inhibit tumor growth by regulating p21 expres-

sion in vitro and in vivo.

Discussion

TRIM21 plays important roles in autophagy and
innate immunity [21], more and more studies have
reported a strong relationship between TRIM21 and
tumorigenesis. In this study, we found that TRIM21 is
decreased in ovarian cancer tissues by TMAs, and
reduced TRIM21 expression is correlated with higher
disease stage and worse OS, and DSS, suggesting that
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Figure 5. TRIM21 inhibits tumorigenesis of OC in vivo. (a) The overexpression efficiency of TRIM21 in SKOV3 stable cells was
detected. (b-d) 1 x 107 TRIM21 overexpressed or vector SKOV3 cells and Matrigel (Corning; 1:1 ratio) were subcutaneously injected
into the abdominal flanks of each mice. n = 6 for each group. Tumor weight and volume were recorded to assess the effect of
TRIM21 overexpressed SKOV3 cells on the xenograft model. (e) Representative images of IHC-based correlation between TRIM21, Ki-
67, p21 expression in the tumor xenografts. (f) Quantification of TRIM21 staining intensity in xenograft tumors. (g-h) Ki-67 and p21
positive cells were quantified in xenograft tumors. *p < 0.05, **p < 0.01, ***p < 0.001.
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TRIM21 plays an important role in the progression
of OC.

Increased antiproliferative proteins, such as p21
and p53 are indispensable in tumor development
[22,23]. TRIM21 destabilizes p53 by ubiquitinating
GMPS or HuR [24,25] and induces cell apoptosis by
decreasing the expression of Bcl-2 and GSK3 [19,20].
In this study, we found that TRIM21 overexpression
inhibited cell proliferation, migration, and invasion
and could lead to significant promotion of cell cycle
arrest of ovarian cells. Mechanistically, TRIM21 over-
expression led to the accumulation of p21, but had no
effect on the expression of cyclin D1 or cyclin E2.
Furthermore, the apoptosis factors, total caspase-3,
total caspase-7 and total PARP were also decreased
when TRIM21 was overexpressed.

It should be noted that intraperitoneal metastasis is
not an issue that can be ignored during OC progres-
sion. Dynamic epithelial-to-mesenchymal phenotype
(EMT) changes were triggered when tumor cells
detached form the primary OC tumor, and EMT
could also promote chemotherapy resistance [18,26].
In this study, we found that TRIM21 overexpression
impaired the migration and invasion of OC cells
(Figure 3); however, more studies are needed to con-
firm the specific mechanism by which TRIM21 parti-
cipates in the progression of EMT.

Surgical debulking, chemotherapy, and radiation
are the standard therapies for OC patients [2].
Immunotherapy with checkpoint blockade has trans-
formed cancer treatment of many tumor types, but
there is not yet any immunotherapy for ovarian can-
cer due to the heterogeneity of the tumor microenvir-
onment (TME). It has been reported that
intratumoral T cell infiltration is associated with bet-
ter overall and progression-free survival in OC
[27,28]. TRIM21 is a ubiquitin E3 ligase that has
been reported to participate in numerous biological
processes, including the immune response, cell meta-
bolism, and cancer development [29]. Cancer cells
often prefer glycolysis to satisfy their increased needs
for metabolic reprogramming [30]. We recently
found that TRIM21 could decrease the protein stabi-
lity of HIF-1a through the ubiquitination-proteasome
pathway and inhibit glycolysis, which inhibited renal
cell carcinoma growth and metastasis [13]. Whether
TRIM21 reshapes metabolism and affects the infiltra-
tion of T cells in OC should be further confirmed.

Conclusion

In conclusion, our study shows that TRIM21 is
decreased in ovarian cancer and may function as an
independent prognostic factor. We found that
TRIM21 inhibits cell proliferation via induction of
p21-mediated cell cycle progression and promotes
apoptosis in OC in vivo and in vitro. These findings
provide new insights into TRIM21 as a new target in
prognosis and therapy for patients with OC.

Highlight

e TRIM21 is deregulated in ovarian cancer
patients

e TRIM21 functions as an independent prog-
nostic factor in ovarian cancer patients

e TRIM2I restricts the proliferation, migration,
and invasion of OC cells

e TRIM21 deficiency inhibits the cell cycle
through regulating p21 expression
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