Am J Transl Res 2022;14(3):1535-1550
www.ajtr.org /ISSN:1943-8141/AJTR0139455

Original Article
Identification of a tripartite motif family gene signature
for predicting the prognosis of patients with glioma

Sheng Xiao® 2, Junhua Yu?, Xuegang Yuan?, Qianxue Chen*

1Department of Neurosurgery, Renmin Hospital of Wuhan University, Wuhan 430060, Hubei Province, China;
2Department of Neurosurgery, Ezhou Central Hospital, Ezhou 436000, Hubei Province, China

Received September 27, 2021; Accepted January 20, 2022; Epub March 15, 2022; Published March 30, 2022

Abstract: Objectiove: The tripartite motif (TRIM) family genes, which encode a protein subfamily of the RING type
E3 ubiquitin ligases, function as important regulators of oncogenesis and development. It is thus of great impor-
tance to investigate the potential value of the TRIM family genes for prognostic prediction in glioma. Methods: The
gene expression RNA-Seq data and corresponding clinical information of glioma patients were obtained from The
Cancer Genome Atlas (TCGA) dataset and the Chinese Glioma Genome Atlas (CGGA) dataset. LASSO regression and
multivariate Cox regression analyses were performed to construct a risk signature of the TRIM family genes. The
accuracy of the risk signature in predicting the prognosis of glioma patients was evaluated. The effects of TRIM17
on glioma cell proliferation were further explored. Results: We constructed a prognostic signature based on eight
TRIMs for the prediction of overall survival of glioma patients. Internal and external cohorts confirmed the satisfac-
tory accuracy and generalizability of the signature in predicting the prognosis of glioma patients. Of the eight TRIMs,
TRIM17 was significantly downregulated in glioma, and decreased with an increase in the tumor grade. Moreover,
low expression of TRIM17 predicted poor prognosis in glioma. CCK-8 and colony formation assays indicated that
TRIM17 overexpression significantly inhibited cell proliferation. Conversely, silencing of TRIM17 had the opposite ef-
fects. Conclusion: Our eight-gene signature based on the TRIM gene family is a novel and clinically useful biomarker,
which may be helpful for clinical decision-making. Additionally, TRIM17 might be a therapeutic target for glioma.
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Introduction

Glioma is an intracranial malignant tumor that
accounts for 50-60% of the primary tumors
occurring in the central nervous system [1, 2]. It
is a highly heterogeneous disease, which is
characterized by rapid cell proliferation and dif-
fuse infiltration [3]. Histologically, glioma can
be subdivided into astrocytoma, glioblastoma
multiform (GBM), oligodendroglioma, and mix-
ed tumor, of which GBM is the most malignant
type with the worst prognosis [4]. The standard
treatment for glioma includes surgery resec-
tion, radiotherapy, and chemotherapy [5]. Des-
pite the great advances in the treatment of gli-
oma, the prognosis is still poor, especially for
patients with high grade glioma [6]. Resistance
to conventional therapy and recrudescence
often occur, which lead to high mortality in glio-
ma patients [7]. Precise prediction of the prog-

nosis of glioma is of great importance for clini-
cal decision-making, but still unachievable.
Up to now, molecular markers, including iso-
citrate dehydrogenase 1 (IDH1) mutation,
08-methylguanine-DNA methyltransferase me-
thylation, and 1p/19q codeletion have been uti-
lized for molecular pathological analysis [8-10],
but they are insufficient for the precise predic-
tion of prognosis. Exploring novel therapeutic
targets and prognostic markers for gliomas is
urgently required.

The tripartite motif (TRIM) family of genes
encodes a protein subfamily of the RING type
E3 ubiquitin ligases that participate in the pro-
cess of ubiquitylation, one of the most com-
mon post-translational modifications of pro-
teins [11]. Structurally, TRIM proteins possess a
distinctive motif composed of a RING-finger
domain, one or two zinc-binding motifs, B-boxes
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region, and a coiled-coil region [12]. On the
basis of their domain structure, TRIMs can be
divided into subfamilies | to XI. Functionally,
TRIMSs play critical roles in the dynamic regula-
tion of short-lived proteins, including those that
contribute to cell proliferation, cell cycle, apop-
tosis, and differentiation [13, 14]. Undoubtedly,
TRIMs are involved in the regulation of oncopro-
teins and tumor suppressor proteins; thus, they
are related to the occurrence and development
of malignant tumors. For example, the stability
of the p53 protein, a well-documented tumor
suppressor, can be regulated by TRIM13,
TRIM19, and TRIM29 [15-18]. In glioma, some
TRIMs such as TRIM22, TRIM14, and TRIM45
have been reported to regulate cell prolifera-
tion, invasion, and metastasis though diverse
mechanisms [19-21]. Thus, it is reasonable to
speculate that the TRIM gene family might be
an important target for glioma diagnosis, treat-
ment, and prognosis.

In the present study, we conducted a compre-
hensive analysis of TRIM family genes in glioma
patients, and constructed a risk signature
based on eight TRIMs for predicting the progno-
sis of patients with glioma. Of the eight TRIMs,
TRIM17 was downregulated in glioma tissue
samples, and decreased with an increase in
the tumor grade. Besides, we found that lower
expression of TRIM17 predicted poor prognosis
in glioma patients in four independent cohorts.
Further, the effects of TRIM17 on glioma cell
proliferation were explored.

Material and methods
Data collection

The gene expression RNA-Seq (HTSeq-FPKM)
data and corresponding clinical information of
glioma patients were obtained from The Cancer
Genome Atlas (TCGA) dataset (https://portal.
gdc.cancer.gov/) and the Chinese Glioma
Genome Atlas (CGGA) dataset (http://www.
cgga.org.cn/). Patients with missing overall sur-
vival value or a follow-up equal to O day were
excluded. Finally, a total of 1635 samples were
enrolled in the present study, in which 665
samples were extracted from TCGA dataset,
313 samples were extracted from CGGA325
dataset, and 657 samples were extracted from
CGGAG93 dataset.
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TRIM family genes

A total of 84 TRIM family genes were identified
according to a previous study [11] and the
human gene database (https://www.gene-
cards.org/). To identify prognosis-related TRI-
Ms, univariate Cox regression analysis and
Kaplan-Meier survival analysis were conduct-
ed. Genes with P-values less than 0.05 in both
analyses were regarded as robust prognostic
TRIMs.

Construction and validation of a risk signature
based on TRIMs

The TCGA glioma cohort (entire cohort) was ran-
domly divided into a training cohort and a test-
ing cohort at a ratio of approximately 1:1. In the
training cohort, TRIMs were enrolled into the
least absolute shrinkage and selection opera-
tor (LASSO) analysis by using “gimnet” package
in R. Then, step wise multivariate Cox regres-
sion analysis was performed and we finally
developed a prognostic signature for glioma
patients involving eight TRIMs. Risk score of
patients in training cohort, testing cohort,
entire cohort, and external validation cohort
(CGGA325 and CGGAGB93) was calculated using
the following formula: Risk score = " Exp; coe,
(Exp = expression level of TRIMs; Coe = regres-
sion coefficient). The patients in all the cohorts
were divided into high- and low-risk groups.
Kaplan-Meier survival analyses were per-
formed to compare the overall survival between
the two groups. Time-dependent ROC curve
analyses were conducted using the “survival-
ROC” package in R to evaluate the specificity
and sensitivity of the risk signature in predict-
ing the prognosis of glioma patients.

Cell culture and transfection

The human U251 and U87 glioma cell lines
were obtained from the Cell Bank Type Culture
Collection of the Chinese Academy of Sciences
(Shanghai, China). Cells were maintained in
Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10% FBS (Gibco, Invitrogen,
Carlsbad, CA, USA) at 37°C in 5% CO, humidi-
fied atmosphere. For siRNA transfection, siRNA
specifically targeting TRIM17 and negative
control siRNA (siNeg) were purchased from
GeneChem Technologies (Shanghai, China) and
transfected into U251 and U87 cells using the
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Lipofectamine RNAIMAX reagents (Invitrogen,
Thermo Fisher Scientific, Inc.). For plasmid
transfection, pcDNA3.1-TRIM17-flag plasmid
and empty vector plasmid (Shanghai Gene-
Chem Co., Ltd.) were transfected into U251 and
U87 cells using the Lipofectamine 2000 rea-
gents (Invitrogen, Thermo Fisher Scientific, Inc.)
according to the protocol. The transfection effi-
ciency was confirmed 48 h after transfection by
gRT-PCR.

Patients sample

Glioma tissues and non-tumor brain tissues
were obtained in the Department of
Neurosurgery, Renmin Hospital of Wuhan
University, Wuhan, China. They were collected
between January 2018 and March 2020 with
the informed consent from the patients.
Samples were frozen immediately after surgery
resection and stored at -80°C. All the proce-
dures were approved by the Institutional Ethics
Committee of the Renmin Hospital of Wuhan
University.

CCK-8 and colony formation assay

U251 and U87 cells transfected with siRNA or
plasmid were resuspended using the complete
medium. For CCK-8 assay, cells were then
seeded in 96-well plates at a density of 5000/
well. CCK-8 reagent (Beyotime, Shanghai,
China) was added into plate at indicated time
(0, 24, 48, and 72 h) and further incubated for
1 h at 37°C. The absorbance of each well at
450 nm was measured using a microplate
reader (Bio-Rad Laboratories, Inc.). For colony
formation assay, cells were seeded in 6-well
plates at a density of 500/well and cultured for
10 days. Cell colonies were fixed with 4% para-
formaldehyde and stained using 1% crystal vio-
let. The number of colonies in every well was
counted.

RNA isolation and gqRT-PCR

Briefly, total RNA was extracted using TRIzol
reagent (Invitrogen, Carlsbad, CA, USA) and
was then used to synthesize cDNA using the
cDNA Reverse Transcription kit (Thermo Fisher
Scientific). Quantitative real-time PCR was per-
formed using the SYBR Green Mix (BD, USA).
The relative gene expression was calculated by
284t method and GAPDH was used for normal-
ization. The primer sequences were listed as
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follow: TRIM17: forward, 5-TGAAGCTGGAGG-
AGGACATG-3’, reverse, 5-TCTTCTTCCGTCTCC-
AGAGC-3’; GAPDH: forward, 5-TCGTGGAAGG-
ACTCATGAC-C-3’, reverse, 5-CCTGCTTCACCA-
CCTTCTTG-3..

Statistical analysis

All the statistical analyses were conducted
using R software (version 4.1.0) and GraphPad
Prism 8.0. The results were presented as
means * standard deviations (SD). Unpaired
student’s t-test or one-way analysis of variance
(ANOVA) was used to compare differences
between two or more groups. Kaplan-Meier
curve and the log-rank test were performed to
compare differences in overall survival between
groups. A P-value less than 0.05 was consid-
ered statistically significant.

Results

Identification of prognostic TRIM family genes
in glioma

To identify the prognostic TRIMs in glioma, we
first conducted univariate Cox regression analy-
sis and Kaplan-Meier survival analysis in TCGA
glioma cohort. Genes with P-values less than
0.05 in both the analyses were regarded as
robust-prognostic genes. Interestingly, about
half (43/83) of TRIM family genes were closely
related to the prognosis of glioma patients,
suggesting the critical role of TRIM family genes
in the development and progression of glioma.
Of the 43 prognostic TRIMs in glioma, 25 were
risk factors (hazard ratio [HR] >1), while 18
were protective factors (HR<1) (Figure 1A). The
correlation of the prognostic TRIMs is shown in
Figure 1B. We also constructed a protein-pro-
tein interaction (PPl) network using the prog-
nostic TRIMs (Figure 1C). Furthermore, hub
gene analysis revealed that PML, TRIM9, and
TRIM21 were the top three ranked genes in the
PPI network (Figure 1D).

Construction of a risk signature based on TRIM
family genes in glioma

To construct a risk signature based on the TRIM
family genes, we first randomly divided TCGA
glioma cohort into a training cohort and a test-
ing cohort in a ratio of approximately 1:1. Then,
univariate Cox regression analysis was per-
formed to screen out the prognosis-related
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Figure 1. Identification of prognostic TRIM family genes in glioma and construction of a protein-protein interaction
network. A. Robust prognostic TRIM family genes. B. The correlation heatmap of the prognostic TRIM family genes.
C. Protein-protein interaction network of the prognostic TRIM family genes. D. The number of adjacent nodes in the

PPI-network.

TRIMs in the training cohort. Subsequently,
Lasso regression analysis followed by step
wise multivariate Cox regression analysis
were performed to construct an eight-gene
prognostic signature for glioma (Figure 2A, 2B).
The eight genes included TRIM17, TRIM13,
TRIM8, TRIM24, TRIM14, TRIM29, TRIM59,
and TRIM38, and their coefficients are dis-
played in Figure 2C. The risk score of the
patients was calculated as follows: risk score =
TRIM17 x (-0.2702) + TRIM13 x (-0.1409) +
TRIM8 x (-0.0178) + TRIM24 x 0.0249 +
TRIM14 x 0.0340 + TRIM29 x 0.0817 +
TRIM59 x 0.0856 + TRIM38 x 0.1370. The dis-
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tribution of the risk scores is shown in Figure
2D. The patients were stratified into high- and
low-risk groups according to the median value
of the risk scores. The survival time and surviv-
al status are shown in Figure 2E. The results
suggested that the patients in the high-risk
group tended to have a higher mortality rate
and shorter overall survival. Kaplan-Meier sur-
vival analysis demonstrated that the prognosis
of glioma patients in the high-risk group was
worse than those in the low-risk group (Figure
2F). The area under the curve (AUC) values of
the time-dependent receiver operating charac-
teristic (ROC) analysis were 0.873, 0.891, and
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Figure 2. Construction of an eight-TRIM gene signature in TCGA training cohort. A, B. Lasso regression analysis and
multivariate Cox regression analysis were applied to establish the gene signature. C. Coefficients of the selected
eight TRIMs. D. The risk score distribution of patients in training cohort. E. The survival status and overall survival
time of patients in training cohort. F. Kaplan-Meier survival analysis suggested that the patients in high-risk group
had worse overall survival than those in low-risk group. G. Time-dependent ROC curves of the gene signature for
predicting 1-year, 2-year, and 3-year overall survival in training cohort.
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0.882 for 1-year, 2-year, and 3-year survival,
respectively (Figure 2G). The results indicated
that the risk signature based on the eight TRIMs
could accurately predict the overall survival of
glioma patients.

Validation of the eight-TRIM gene signature in
internal cohorts

We first evaluated the predictive value of the
eight-TRIM gene signature in the internal valida-
tion cohorts, including the testing cohort and
entire cohort. Using the formula mentioned
above, the risk scores of the glioma patients in
the testing cohort and entire cohort were calcu-
lated. Subsequently, patients were divided into
high- and low-risk groups using the median
value of the risk score in the training cohort as
the cutoff. The risk score distribution of the
patients in the testing cohort and entire cohort
is exhibited in Figure 3A, 3B. The survival time
and survival status of the glioma patients in the
two cohorts are shown in Figure 3C, 3D. The
results suggested that the patients in the high-
risk group had higher mortality than those in
the low-risk group. The expression levels of the
eight TRIM genes in the high- and low-risk
groups are displayed in Figure 3E, 3F. It was
observed that the expression of TRIM13,
TRIM17, and TRIM8 was lower in the high-risk
group compared to the low-risk group, while the
expression of TRIM24, TRIM14, TRIM29,
TRIM59, and TRIM38 was higher in the high-
risk group. Kaplan-Meier survival analysis
revealed that the patients in the high-risk group
demonstrated poorer survival in both the test-
ing cohort and entire cohort (Figure 3G, 3H).
Time-dependent ROC analysis indicated that
AUC values of 1-year, 2-year, and 3-year surviv-
al in the testing cohort were 0.840, 0.878, and
0.861, respectively (Figure 3I), whereas for the
entire cohort, they were 0.860, 0.890, and
0.876, respectively (Figure 3J).

Validation of the eight-TRIM gene signature in
external cohort

To further validate the satisfactory accuracy
and generalizability of the eight-TRIM gene sig-
nature, external validation cohorts including
CGGA325 and CGGA693 from the Chinese
Glioma Genome Atlas (CGGA) database were
utilized. As shown in Figure 4A, 4B, the risk
scores of the patients in the CGGA325 cohort
and CGGA693 cohort were calculated using the
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formula aforementioned, and the patients were
separated into high- and low-risk groups
according to the median risk score in the train-
ing cohort. The survival time and survival sta-
tus of the patients in the CGGA325 and
CGGAB93 cohorts are exhibited in Figure 4C,
4D. The expression levels of the eight TRIM
genes were shown in Figure 4E, 4F. Consistent
with the expression in TCGA glioma dataset,
TRIM13, TRIM17, and TRIMS8 expression levels
in the CGGA325 and CGGAG93 datasets were
lower in the high-risk group compared to the
low-risk group, while the expression levels of
TRIM24, TRIM14, TRIM29, TRIM59, and
TRIM38 were higher in the high-risk group.
Kaplan-Meier survival analysis revealed that
the high-risk group had worse overall survival
compared to the low-risk group (Figure 4G, 4H).
The AUC values for 1-year, 2-year, and 3-year
survival were 0.701, 0.759, and 0.765 in the
CGGA325 cohort (Figure 41), and 0.714, 0.732,
and 0.712 in the CGGAG93 cohort, respectively
(Figure 4J).

Stratification analysis of the eight-TRIM gene
signature based on clinicopathological fea-
tures

To further assess the predictive power of the
eight-TRIM gene signature, glioma patients in
the entire TCGA cohort were stratified into dif-
ferent subgroups according to universal clinico-
pathological features. The results of Kaplan-
Meier survival analysis indicated that the prog-
nosis of the high-risk group continued to be
worse than that of the low-risk group in the sub-
groups stratified by age, sex, and grade (Figure
5A-F).

The prognostic independence of the eight-
TRIM gene signature and construction of a
nomogram in glioma

To detect whether the risk signature was inde-
pendent of other clinical factors including sex,
age, and grade, univariate Cox regression anal-
ysis and multivariate Cox regression analysis
were conducted. As shown in Table 1, age and
risk score were independent prognostic factors
in all three cohorts. Moreover, we constructed
a nomogram using the risk signature, age, sex,
and grade to help in clinical decision-making
(Figure 6A). The calibration plot showed that
the predicted rates for 1-year, 3-year, and
5-year overall survival in the nomogram were
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Figure 3. Validation of the eight-TRIM gene signature in TCGA testing and entire cohorts. A, B. The risk score distribu-
tion of patients in testing and entire cohorts. C, D. The survival status and overall survival time of patients in testing
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Figure 4. Validation of the eight-TRIM gene signature in CGGA325 and CGGAG93 cohorts. A, B. The risk score distri-
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close to the observed overall survival rates power of the nomogram and its clinical app-
(Figure 6B-D), indicating the strong predictive licability.
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Figure 5. Kaplan-Meier survival analysis of subgroups stratified by gender (A, B), age (C, D), and grade (E, F).
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Table 1. Univariable and multivariable analysis of the eight-TRIM gene signature and clinical factors

in the glioma cohorts

TCGA Univariable analysis Multivariable analysis
) 95% Cl of HR 95% Cl of HR
Variables HR HR
Lower Upper Lower Upper
Age (<40 vs >40) 3.3306 2.1925 5.0595 0.0000 2.9885 1.9286 4.6311 0.0000
Gender (Female vs Male) 1.0603 0.7262 1.5479 0.7619 1.2313 0.8361 1.8132 0.2920
Grade 3.1205 2.0615 4.7235 0.0000 2.6479 1.7226 4.0703 0.0000
Risk Score 1.1293 1.0985 1.1609 0.0000 1.1057 1.0724 1.1401 0.0000
CGGA693 Univariable analysis Multivariable analysis
. 95% Cl of HR 95% Cl of HR
Variables HR P HR P
Lower Upper Lower Upper
Age (240 vs >40) 2.7137 2.2791 3.2311 0.0000 2.3667 1.9668 2.8479 0.0000
Gender (Female vs Male) 1.0961 0.8685 1.3833 0.4396 1.1086 0.8779 1.3999 0.3864
Grade 1.6128 1.2660 2.0547 0.0001 1.3667 1.0677 1.7494 0.0131
Risk Score 1.3260 1.2371 1.4212 0.0000 1.1617 1.0667 1.2651 0.0006
CGGA325 Univariable analysis Multivariable analysis
. 95% Cl of HR 95% Cl of HR
Variables HR P HR P
Lower Upper Lower Upper
Age (<40 vs >40) 2.7769 2.2768 3.3869 0.0000 2.7566 2.2449 3.3850 0.0000
Gender (Female vs Male) 1.0653 0.7982 1.4217 0.6677 0.9877 0.7390 1.3201 0.9335
Grade 1.6010 1.1921 2.1502 0.0018 1.0511 0.7740 1.4274 0.7495
Risk Score 1.0104 1.0016 1.0192 0.0207 1.0109 1.0004 1.0214 0.0418

TRIM17 was downregulated in glioma and cor-
related with the prognosis of patients

Of the eight TRIM genes, the role of TRIM17 in
glioma is not well-documented. To explore the
role of TRIM17 in glioma, we first examined the
expression levels of TRIM17 in human glioma
tumor tissues. qRT-PCR suggested that mRNA
levels of TRIM17 were significantly downregu-
lated in glioma tumor tissues compared to nor-
mal brain tissues (Figure 7A). Besides, we
found that the expression of TRIM17 decreased
with an increase in the tumor grade by re-ana-
lyzing the aforementioned public databases
(Figure 7B-D). Moreover, Kaplan-Meier survival
analysis revealed that a lower expression of
TRIM17 predicted poor prognosis in glioma
(Figure 7E-H). Taken together, these analyses
indicated that TRIM17 might function as a
tumor suppressor in glioma.

TRIM17 negatively regulated cell proliferation
in glioma cells

To elucidate the cellular function of TRIM17 in

glioma, we examined the effect of overexpres-
sion or knockdown of TRIM17 on glioma cell
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proliferation. The transfection efficiencies of
pc3.1-TRIM17-flag or siTRIM17 were confirmed
by gRT-PCR (Figure 8A, 8F). CCK-8 and colony
formation assays suggested that TRIM17 over-
expression significantly inhibited proliferation
of U251 and U87 cells (Figure 8B-E). Conversely,
silencing TRIM17 facilitated glioma cell prolif-
eration (Figure 8G-J).

Discussion

The TRIM is a large family of genes with similar
functions. Their translation products act as E3
ubiquitin ligases that mediate the ligation of
ubiquitin to substrate proteins and further pro-
mote its elimination [11, 13]. Thus, TRIM family
genes are involved in various aspects of bio-
logical processes, including cell cycle, cell
death, metabolism, immunity, and autophagy
by regulating the homeostasis of substrate pro-
teins [22-25]. Dysregulation of TRIMs has been
discovered in tumors including glioma. Feng et
al. [20] reported that upregulation of TRIM14 in
human glioblastoma correlated with tumor pro-
gression and predicted shorter patient survival
times. Functional experiments have revealed
that decreased TRIM14 expression inhibited
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Figure 6. Construction of a nomogram in TCGA glioma cohort. A. The nomogram comprising gender, age, tumor
grade, and risk score. B-D. Calibration plots of 1-, 3-, and 5-year overall survival of glioma patients.

glioblastoma cell migration and invasion by
inhibiting the epithelial-mesenchymal transi-
tion process. Zhang et al. [21] found that con-
sistent with its tumor suppressive function,
TRIM45 was downregulated in glioma. Enforced
expression of TRIM45 inhibited cell prolifera-
tion and tumorigenicity by stabilizing and acti-
vating p53. These studies indicated that the
aberrant expression of TRIMs contributed to
malignant cellular biological behaviors, and
might be a prognostic biomarker in patients
with glioma.

In this study, we performed an integrative anal-
ysis of TRIM family genesin glioma. Interestingly,
we found that more than half of TRIMs were
closely related to the prognosis of glioma
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patients, suggesting the critical role of TRIM
family genes in the oncogenesis and progres-
sion of glioma. Then, we constructed a prog-
nostic signature based on the expression pro-
file of TRIMs and the corresponding clinical
information. The accuracy of the signature in
predicting the prognosis of glioma patients was
confirmed in an internal cohort and two inde-
pendent external cohorts. Besides, univariate
Cox regression analysis and multivariate Cox
regression analysis in all the internal and exter-
nal cohorts indicated that the risk signature
was independent of other clinical factors,
including sex, age, and grade. We also con-
structed a nomogram comprising the risk
score, sex, age, and grade, which might help
clinicians in making decisions. Taken together,
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“P<0.01, **P<0.001.

these results suggest that the prognostic sig-
nature might be clinically useful in glioma
patients.

Eight TRIMs including TRIM17, TRIM13, TRIMS,
TRIM24, TRIM14, TRIM29, TRIM59, and TR-
IM38 were included in the risk signature. Of the
eight TRIMs, TRIM24, TRIM14, TRIM29, and
TRIM59 were oncogenes in glioma. Consistent
with their role in promoting cell proliferation,
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migration, invasion, chemoresistance, and
stemness, the expression levels of TRIM24,
TRIM14, TRIM29, and TRIM59 were significant-
ly increased in glioma, and correlated with the
clinical outcome of glioma patients [26-29].
The role of TRIMS8 in glioma is still controversial.
On one hand, the expression of TRIM8 was
found to be down-regulated in high grade glio-
mas, and lower expression predicted an unfa-
vorable clinical outcome. In addition, enforced
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Figure 8. The effect of TRIM17 overexpression or knock-down on glioma cell proliferation. A. Transfection efficiency
of TRIM17 overexpression plasmid was confirmed by qRT-PCR. B, C. CCK-8 assay was used to detect the effect of
TRIM17 overexpression on U251 and U87 cell proliferation. D, E. Colony formation assay was performed after trans-
fection with empty vector or TRIM17 overexpression plasmid. F. Transfection efficiency of TRIM17 knock-down was
confirmed by gRT-PCR. G, H. CCK-8 assay was used to detect the effect of TRIM17 knock-down on U251 and U87
cell proliferation. I, J. Colony formation assay was performed after transfection with siNeg or siTRIM17. "P<0.05,
**P<0.01, "*P<0.001.

expression of TRIMS8 reduced cell proliferation tial of TRIM8 in glioma. On the other hand, over-
[30], suggesting the tumor suppressor poten- expression of TRIM8 could promote stemness
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and self-renewal in glioma by activating STAT3
signaling, suggesting the tumor-promoting
function of TRIM8 [31]. TRIM13 exerts diverse
roles in different tumor types [32, 33]. However,
its role in glioma has not been reported, and
needs to be explored in the future.

The role of TRIM17 in glioma is still uncharac-
terized. We found that TRIM17 was significantly
downregulated in glioma, and decreased with
an increase in the tumor grade. Besides,
Kaplan-Meier survival analysis revealed that
decreased expression of TRIM17 predicted
poor prognosis in four independent cohorts of
patients with glioma. Therefore, TRIM17 may
be regarded as a prognostic biomarker in glio-
ma. To further explore the role of TRIM17, we
performed gain of function and loss of function
experiments on glioma cells. Upon plasmid
transfection, the expression of TRIM17 was sig-
nificantly increased in U251 and U87 cells,
which resulted in reduced cell proliferation.
Conversely, silencing of TRIM17 in glioma cells
had an opposite effect. These results suggest-
ed that TRIM17 functioned as a tumor suppres-
sor in glioma. Previous studies have connected
TRIM17 with cell apoptosis, cell proliferation
inhibition, and drug resistance. In neurons,
TRIM17-mediated ubiquitination and degrada-
tion of Mcl-1 (myeloid cell leukemia-1) promote
the initiation of caspase-dependent apoptosis
[34]. In tumors, silencing of TRIM17 induced
immune and drug resistance by increasing the
protein level of Mcl-1 [35]. These studies
revealed that Mcl-1 was a vital downstream tar-
get of TRIM17. However, whether Mcl-1 medi-
ates the effect of TRIM17 on glioma cell prolif-
eration needs to be further explored.

Despites the aforementioned findings, there
are some limitations of our study. First, the
prognostic signature should also be validated
in the real-word cohort of glioma patients, but
the cases that we have collected are still not
enough for external validation. Second, we only
evaluated the effect of TRIM17 on glioma cell
proliferation in vitro; it should be further
explored in vivo, and we plan to investigate it in
the future. Besides, the detailed mechanism of
TRIM17 in regulating cell proliferation also
requires further exploration.

Conclusion

In summary, we identified a novel and clinically
useful prognostic signature based on eight

1548

TRIMs. It demonstrated satisfactory accuracy
and generalizability in predicting the prognosis
of glioma patients. Of the eight TRIMs, TRIM17
was downregulated in glioma and correlated
with the tumor grade and clinical outcome of
patients with glioma. TRIM17 could serve as a
prognostic marker and potential therapeutic
target in glioma.
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