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Background: The tripartite motif (TRIM) family are important members of the Gene-finger-containing 
E3 ubiquitin-conjugating enzyme and are involved in the progression of hepatocellular carcinoma (HCC). 
Previous studies have largely focused on gene expression and molecular pathways, while the underlying role 
of the TRIM family in the tumor immune microenvironment (TIME) remains poorly understood. 
Methods: We systematically explored the correlations of prominent TRIM genes with immune checkpoints 
and immune infiltrates in 231 HCC samples [International Cancer Genome Consortium (ICGC) cohort 
(n=231); The Cancer Genome Atlas (TCGA) cohort (n=370)]. A prognostic risk model was constructed 
using the least absolute shrinkage and selection operator (LASSO) algorithm and multivariate Cox regression 
analysis in the ICGC cohort. Kaplan-Meier curves based on the overall survival (OS) were used to assess 
differences in survival between clusters. We utilized gene set variation analysis (GSVA) to characterize 
the differences in biological functions. Based on univariate and multivariate Cox progression analysis, we 
developed a risk score signature and verified its reliability and validity. The Tumor Immune Single-cell 
Hub (TISCH) single-cell database was employed to evaluate the correlation of TRIM genes with the tumor 
microenvironment.
Results: Cluster 1 was preferentially associated with a favorable prognosis (P<0.001). The amino acid, fatty 
acid, and drug metabolism pathways were significantly enriched in cluster 2. A prognosis risk score project 
was established and evaluated based on the 9 independent prognostic genes (all P<0.05). The immune 
score and stromal scores of patients with low-risk scores were greater than those of patients with high-risk 
scores (all P<0.001). However, patients with a high-risk score exhibited lower responses to immune check-
point inhibitors (ICIs), sorafenib, and transarterial chemoembolization (TACE) treatment (all P<0.05). 
Consistently, TRIM genes showed the same influence in the external TCGA cohort. TRIM gene-based 
signatures were implicated in TIME and their copy-number alterations dynamically impacted the abundance 
of tumor-infiltrating immune cells.
Conclusions: Our findings revealed that MID1, TRIM5, TRIM22, TRIM28, TRIM 31, TRIM37, 
TRIM38, TRIM47, and TRIM74 could serve as efficient prognostic biomarkers and therapeutic targets 
in HCC. The identified TRIM gene-based signatures could serve as important TIME mediators in HCC, 
potentially increasing immune treatment efficacy.

Keywords: Hepatocellular carcinoma (HCC); tripartite motif (TRIM) genes; tumor immune microenvironment 

(TIME); immune infiltrates; immunotherapy

1958

https://crossmark.crossref.org/dialog/?doi=10.21037/jgo-22-619


Journal of Gastrointestinal Oncology, Vol 13, No 4 August 2022 1943

© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2022;13(4):1942-1958 | https://dx.doi.org/10.21037/jgo-22-619

Introduction

Hepatocellular carcinoma (HCC) is the most common 
primary liver malignancy and the world’s fourth leading 
cause of cancer-related mortality (1). Liver transplantation 
and hepatectomy are curative treatments for HCC, and 
the indications have been safely expanded (2,3). However, 
some tumors are still too advanced to be cured by surgical 
resection and orthotopic liver transplantation at diagnosis. 
Therefore, it is important to administer palliative 
treatments to achieve downstaging for surgical therapy 
or delay the progression of tumors. Combination therapy 
improves the prognosis outcomes of patients with advanced 
HCC better than single-agent therapy (4), implying that 
combined therapy could be a promising treatment option 
for some HCC patients. 

In the past few decades, cancer immunotherapy has 
become one of the most effective treatments and has 
been validated in various tumors (5,6). Since the advent 
of immune checkpoint inhibitors (ICIs), the concept 
of normalizing the tumor immune microenvironment 
(TIME) by correcting dysfunctions of the immune 
response has drawn attention again to immunotherapy. 
Immune checkpoint therapy, which is at the forefront of 
immunotherapy, has demonstrated clinical activity in several 
malignancies, including HCC, although the response rate to 
ICIs varies in patients (7,8). The encouraging results from 
clinical trials of immune checkpoint therapy have resulted 
in increased clinical implementation in various types of 
cancer, including HCC. However, only approximately 20% 
of advanced HCC patients benefit from ICIs, and most 
of them have disease progression after 3–9 months (9).  
These results indicate that a substantial proportion of 
patients treated with ICIs suffer primary or acquired 
resistance. Therefore, studying the underlying mechanism 
and maximizing the curative effect of immune checkpoint 
therapy has become a focus in the field of HCC treatment. 

Members of the tripartite motif (TRIM) protein family 
are engaged in a wide range of cellular functions and 
share several functional characteristics (10). The TRIM 
family, consisting of roughly 80 members, is structurally 
a highly conserved gene family whose family members all 
contain the RING finger domain, a basic composition of 

1 or 2 zinc-finger domains called B boxes, and a coiled-
coil region (11). Diverse C-terminal domains determine 
the primary structural distinctions within the TRIM family, 
and TRIM proteins are divided into 11 classes based on 
their C-terminus (from C-I to C-XI) (12). To date, TRIM 
proteins have been shown to regulate cell proliferation 
(13,14), facilitate or prevent cancer cell transformation (15), 
and directly interact with innate immunity (11), among 
many other roles. It has been shown that multiple TRIM 
genes play a significant function in liver cancer development 
as well as its immunotherapy (16,17). However, the 
relationship between TRIM genes and the effect of 
treatment as well as prognosis in HCC is not clear.

Although single TRIM family gene has been investigated 
in various solid tumors, no systematical and comprehensive 
analysis has been performed to identify the role of TRIMs 
in HCC. Our study aimed to systematically assess TRIM 
family correlations with prognosis, checkpoints, and TIME 
in HCC. The relationships between clustering subgroups, 
risk models, checkpoints, immune scores, and immune 
cell infiltration, and the responsiveness of sorafenib and 
transarterial chemoembolization (TACE) treatment were 
subsequently thoroughly analyzed based on TRIM family 
gene-related signatures to further investigate TRIM genes’ 
effect on TIME. The development of risk models for TRIM 
genes is vital for helping to improve risk stratification 
and clinical decision-making in HCC. We present the 
following article in accordance with the TRIPOD reporting 
checklist (available at https://jgo.amegroups.com/article/
view/10.21037/jgo-22-619/rc).

Methods

Datasets

The International Cancer Genome Consortium (ICGC) 
and The Cancer Genome Atlas (TCGA) databases (https://
daco.icgc.org/ and https://portal.gdc.cancer.gov/) were 
used to obtain RNA sequencing (RNA-seq) transcriptome 
data and clinical data of HCC patients. The inclusion 
criteria were: (I) histologically confirmed HCC, and (II) 
data on mRNA expression profiles and overall survival 
(OS) available at the same time. Ultimately, 231 samples 
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of HCC were acquired, together with clinicopathological 
characteristics such as age, sex, grade, and TNM stage. 
A total of 231 ICGC HCC patients were assigned to the 
training cohort, while 370 TCGA patients were assigned 
to the validation cohort. The baseline clinicopathological 
features are shown in Table 1. The GSE109211 and 
GSE104580 datasets from the Gene Expression Omnibus 
(GEO; https://www.ncbi.nlm.nih.gov/geo/) database were 
used to analyze the responsiveness of sorafenib, TACE, and 

ICI treatment. The study was conducted in accordance with 
the Declaration of Helsinki (as revised in 2013).

TRIM genes selection

Based on previously published literature, 62 TRIM genes 
were selected (11). On the basis of mRNA expression 
results of liver hepatocellular carcinoma (LIHC) from 
ICGC, a total of 62 TRIM genes were identified. Next, the 
differential expression of 62 TRIM genes in tumor tissues 
and adjacent normal tissues was analyzed.

Bioinformatics analysis

We used the “ConsensusClusterPlus” program to classify 
HCC patients into different subtypes in order to explore the 
biological functions of TRIM genes in HCC. To examine 
gene expression patterns among different HCC subtypes, 
principal component analysis (PCA) was performed using R 
(v4.1.0). Pathways analysis for different HCC subtypes was 
carried out using the R software package “GSVA”.

The immune score for each patient was estimated using 
the R “estimate package” and an algorithm (18). Cell-
type identification by calculating relative subsets of RNA 
transcripts (CIBERSORT; https://cibersort.stanford.edu/) 
was used to develop the fraction of 22 immune cell types 
for each tumor specimen. With 1,000 permutations, the 
samples were chosen based on P<0.05. 

In the ICGC training cohort, we performed K-M 
survival analysis for all TRIM genes, and we used least 
absolute shrinkage and selection operator (LASSO) 
regression analysis to identify predictive risk signatures for 
above TRIM genes (P<0.05). Ten cross-validations were 
used to select suitable values for the penalty parameter. The 
LASSO regression approach yielded the coefficients, and 
the risk score was obtained using the following formula: 
Riskscore=&sum;i=1ncodfi*xi where codfi is the coefficient 
and xi is the transformed relative expression value of each 
selected TRIM genes. This formula was used to generate 
a risk score for each patient in the training and validation 
cohorts. The samples were then separated into high-risk 
and low-risk categories based on the cutoff (median value).

Data from GEO and Array Express were collected by 
Tumor Immune Single-cell Hub (TISCH) to formulate a 
single-cell RNA-seq (scRNA-seq) atlas. TISCH compares 
different patients, therapy and response groups, tissue 
origins, cell types, and even cancer types by visualizing 
gene expression across several data sets at the single-cell or 

Table 1 Clinicopathological features of patients in TCGA and 
ICGC cohorts

Variables
Datasets, n (%)

TCGA ICGC

Age

<53 years 101 (27.3) 20 (8.7)

≥53 years 269 (72.7) 211 (91.3)

Gender

Female 121 (32.7) 61 (26.4)

Male 249 (67.3) 170 (73.6)

Grade

G1 55 (14.9) –

G2 177 (47.8) –

G3 121 (32.7) –

G4 12 (3.2) –

Stage

Stage 1 171 (46.2) 36 (15.6)

Stage 2 85 (23.0) 105 (45.5)

Stage 3 85 (23.0) 71 (30.7)

Stage 4 5 (1.4) 19 (8.2)

M

M0 266 (71.9) –

M1 4 (1.1) –

T

1 181 (48.9) –

2 93 (25.1) –

3 80 (21.6) –

4 13 (3.5) –

TCGA, The Cancer Genome Atlas; ICGC, International Cancer 
Genome Consortium.

https://www.ncbi.nlm.nih.gov/geo/
https://cibersort.stanford.edu/
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cluster level. In this study, we employed TISCH datasets 
to unravel the TME heterogeneity of 8 TRIM genes at the 
single-cell level.

The role of copy number alternations (CNAs) of 
the TRIM family on immune cell infiltration levels was 
evaluated by applying the Tumor Immune Estimation 
Resource (TIMER, https://cistrome.shinyapps.io/timer/).

Statistical analysis

R version 4.1.0 and GraphPad Prism 9.2 were used 
for statistical analysis. A Student’s t-test, chi-square 
test, and Mann-Whitney-Wilcoxon test were used for 
comparisons between 2 groups, and a one-way analysis 
of variance (ANOVA) test was utilized for analysis with 
multiple comparisons. Survival curves were generated and 
compared using the Kaplan-Meier method. Univariate and 
multivariate analyses were conducted with Cox proportional 
hazards regression models. Receiver operating characteristic 
(ROC) curves were employed to compare the predictive 
accuracy of the TRIM gene-relevant signatures. P<0.05 
(two-sided) indicated statistical significance.

Results

Expression of TRIM genes in HCC

Based on the ICGC dataset, we systematically investigated 
the expression patterns of 62 TRIM genes between HCC 
(n=240) and normal tissues (n=197) to assess the biological 
function of TRIM genes in the initiation and development 
of HCC. The expression levels of TRIM genes in HCC 
and normal tissues were evident (Figure S1A,S1B). The 
expression levels of most TRIM genes (45 of 62) were 
higher in HCC tissues than in normal adjacent tissues. 
Some TRIM genes (7 of 62) were lower in HCC tissues than 
in normal tissues (Figure S1A,S1B, Table S1). Additionally, 
there were also TRIM genes (10 of 62) with no statistically 
significant difference (P>0.05). The above results revealed 
that TRIM genes might possess essential biological roles in 
HCC development.

Significant correlation of consensus clustering for TRIM 
genes with the characteristics and survival of HCC patients

To achieve optimum clustering stabil ity,  k=2 was 
determined, and the samples from 231 patients with HCC 
were divided into 2 subgroups (Figure 1A). Individual TRIM 

gene expression was lower in cluster 1 than it was in cluster 
2 (Figure 1B). Next, the clinicopathological characteristics 
of the 2 subgroups were compared (Figure 1B). Cluster 2 
was more significantly related to higher stage (P<0.01) and 
higher mortality than cluster 1. Cluster 1 had a superior 
OS (P<0.001; Figure 1C). The results of PCA found that 
the gene expression profiles of the 2 groups were well 
differentiated (Figure 1D).

Association of immune check points with TRIM family

We looked at differential expression in 2 subtypes and the 
relationship between immune checkpoints and TRIM genes 
to see whether immune checkpoints were related. The 
expression level of KIR2DL1, KIR2DL3, KIR2DL2, KLRC1, 
LAG3, CD274, CTLA4, and TIGIT were downregulated 
in HCC tissues compared with normal tissues (P<0.05;  
Figure 2A). CTLA4, HAVCR2, and PDCD1 expression 
levels in cluster 2 were significantly higher than in cluster 1 
(P<0.05; Figure 2B). NT5E expression, on the other hand, 
was lower in cluster 2 than in cluster 1 (P<0.05; Figure 2B). 
We then analyzed the correlation between TRIM genes and 
the immune checkpoints (PDCD1, NT5E, HAVCR2, and 
CTLA4) in ICGC and TCGA datasets, which showed that 
a number of TRIM genes had a significant correlation with 
immune checkpoints, as shown in Figure 2C,2D. The above 
results suggested that TRIM family genes may improve 
immunotherapy for HCC.

Consensus clustering for TRIM genes associated with 
distinct immune cell infiltration

To investigate the effect of TRIM genes on the TIME of 
HCC, we compared the immune infiltrate levels in cluster 1 
and cluster 2 (Figure 2E). This analysis showed a significant 
difference in naive B cells, memory B cells, regulatory T 
cells (Tregs), gamma delta T cells, M0 macrophages, M1 
macrophages, resting dendritic cells, and stromal score 
between the 2 clusters (Figure 2E). Cluster 1, with a higher 
stromal score, had a better prognosis than cluster 2, with a 
lower stromal score (P<0.05). We further performed gene 
set variation analysis (GSVA) and the results showed that 
the spliceosome, homologous recombination, and DNA 
replication pathway might be implicated in the distinct 
TIME of cluster 2 (P<0.0001; Figure 3A), while amino acid 
metabolism, fatty acid metabolism, and the drug metabolism 
cytochrome P450 pathway might be implicated in the 
distinct TIME of cluster 1 (P<0.0001; Figure 3A, Table S2). 

https://cistrome.shinyapps.io/timer/
https://cdn.amegroups.cn/static/public/JGO-22-619-Supplementary.pdf
https://cdn.amegroups.cn/static/public/JGO-22-619-Supplementary.pdf
https://cdn.amegroups.cn/static/public/JGO-22-619-Supplementary.pdf
https://cdn.amegroups.cn/static/public/JGO-22-619-Supplementary.pdf
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Figure 1 Differential clinicopathological features and survival of HCC in cluster 1/2 subtypes in ICGC cohort. (A) Consensus clustering 
matrix for k=2. (B) Heatmap and clinicopathologic features of the 2 clusters (cluster 1/2). (C) Kaplan-Meier curves of OS for patients with 
HCC in 2 clusters (cluster 1/2). (D) Principal component analysis of the total mRNA expression profile in 231 patients with HCC. HCC, 
hepatocellular carcinoma; ICGC, International Cancer Genome Consortium; OS, overall survival; TRIM, tripartite-motif; PC, principal 
component.

Hence, the metabolism-related signaling pathways might be 
implicated in the distinct TIME of cluster 1.

Construction and validation of prognostic signatures for 
TRIM genes

A total of 231 ICGC HCC patients were assigned to the 
training group, while 370 TCGA patients were assigned 
to the validation cohort (Table 1). We conducted univariate 
analysis for TRIM genes, and the results showed that 12 

TRIM genes (MID1, TRIM11, TRIM21, TRIM22, TRIM24, 
TRIM28, TRIM31, TRIM37, TRIM42, TRIM47, TRIM5, 
are TRIM74) were related to survival in HCC (all P<0.05; 
Figure 3B, Table S3).

To accurately predict the clinical prognosis of HCC 
patients, we performed K-M survival analysis for all TRIM 
genes, and we used least absolute shrinkage and selection 
operator (LASSO) regression analysis to identify predictive 
risk signatures for above TRIM genes (P<0.05). The results 
showed that 9 TRIM genes, namely MID1, TRIM38, 

https://cdn.amegroups.cn/static/public/JGO-22-619-Supplementary.pdf
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Figure 3 The potential regulatory mechanisms resulting in differences in TIME. (A) The potential regulatory mechanisms resulting in 
differences in TIME between the 2 subgroups by performing GSVA; (B) univariate analyses in the ICGC training cohort. TIME, tumor 
immune microenvironment; GSVA, gene set variation analysis; ICGC, International Cancer Genome Consortium.

TRIM37, TRIM47, TRIM24, TRIM28, TRIM22, TRIM5, 
and TRIM74, were identified. The median risk score 
(median =0.5656) was then used to separate patients into 
low- and high-risk groups (Table S4). The distribution 
of risk scores, OS, OS status, and expression profiles of 
the 9 TRIM gene-based signatures in the ICGC training 
and TCGA validation cohorts are shown in Figure 4. 
The heatmap data showed that TRIM genes, including 
MID1, TRIM28, TRIM31, TRIM37, and TRIM47, were 
substantially expressed in the high-risk group (Figure 4). 
In the ICGC training and TCGA validation cohorts, the 
low-risk group had a longer OS than the high-risk group 
(P<0.05; Figure 4). We then performed univariate and 
multivariate analyses and found that risk score was an 
independent prognostic factor in the ICGC and TCGA 
datasets (all P<0.05; Figure 5). We compared the respective 
area under curve (AUC) values in 1-, 3-, and 5-year ROC 
curve analyses to determine the prognostic accuracy of 
our model. The 1-, 3-, and 5-year AUC values for the  
9 risk signatures in the ICGC training cohort were 0.789, 
0.827, and 0.694, respectively (Figure 5), and 0.642, 0.571, 
and 0.533 in the TCGA dataset, respectively (Figure 5). 
Our model, based on the 9 TRIM genes, demonstrated 
favorable discrimination performance for the prognosis 
of patients with HCC, as evidenced by the AUC values. 
The results of PCA analysis corroborated the preceding 
findings (Figure S2). These findings suggested that the 
risk score derived from the 9 risk signatures might reliably 
predict HCC patients’ prognosis.

Risk scores correlated with stage, immune score, TRIM 
cluster, and therapies in HCC

The association between risk score and clustering subtypes, 
stage, immune score, estimate score, stromal score, tumor 
purity, and OS status was also investigated. The cluster 
2 risk score was significantly greater than the cluster 1 
risk score (P<0.001; Figure 6). The high-risk group had a 
significantly lower immune score and higher TNM stage 
than the low-risk group (P<0.01; Figure 6).

The heatmap depicted the expression levels of 9 TRIM 
genes in the ICGC training cohort’s high- and low-risk 
groups (Figure 6). The high-risk group had lower levels of 
TRIM38, TRIM22, TRIM5, and TRIM74 expression than 
the low-risk group. TRIM31, TRIM47, TRIM28, TRIM37, 
and MID1 expression levels were low in the low-risk group. 
In addition, we analyzed the correlation of the 9 prognostic 
TRIM genes with TNM stage in the ICGC and TCGA 
datasets, and the result showed that in the ICGC dataset, 
there was a clear positive correlation between the expression 
of TRIM28 and TRIM47 and TNM stage, and similar 
results could be obtained in the TCGA dataset (Figure S3).

Immunotherapy, TACE, and molecularly targeted 
therapies have been widely used in the treatment of 
patients with HCC and contribute to the prognosis of 
patients. We investigated whether TRIM genes harbored 
the same influence on ICIs, sorafenib, and TACE 
treatment in additional HCC cases. First, we employed 
the tumor immune dysfunction and exclusion (TIDE) 
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Figure 4 Construction and validation of prognostic signatures of TRIM genes in ICGC and TCGA cohorts. (A-D) Distribution of risk 
score, OS, and OS status and heatmap of the 9 prognostic TRIM genes in the ICGC training cohort; (E-H) distribution of risk score, OS, 
and OS status and heatmap of the 9 prognostic TRIM genes in the TCGA validation cohort. TRIM, tripartite-motif; ICGC, International 
Cancer Genome Consortium; TCGA, The Cancer Genome Atlas; OS, overall survival.

score, a scoring system that integrates 2 tumor immune 
escape mechanisms, to analyze the response rate of HCC 
immunotherapy. A high TIDE score indicates a poor 
treatment effect for ICIs (19). The results showed that 
the TIDE score of high-risk patients was high, but the 
response rate of immunotherapy in low-risk patients 
was higher than that in high-risk patients (87% vs. 65%;  
Figure 7A,7B). Next, we selected the eligible GEO 
datasets, GSE109211 and GSE104580, as the external 
validation cohort. The response to sorafenib was not 

significantly different from the risk score, but the response 
rate was significantly higher in low-risk patients than in 
high-risk patients (42% vs. 24%; Figure S4A, Figure 7C, 
Table S5), which was possibly due to the small number 
of patients who responded to sorafenib. In addition, the 
response to TACE was significantly different from the risk 
score, and the response rate was higher in low-risk patients 
than in high-risk patients (65% vs. 39%; Figure S4B,  
Figure 7D, Table S6). 

Single-nucleotide variant (SNV) mutations are associated 
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Figure 5 Univariate, multivariate Cox regression and ROC analyses in the 2 cohorts. Univariate (A) and multivariate (B) Cox regression 
analyses in the ICGC training cohort; univariate (D) and multivariate (E) Cox regression analyses in the TCGA validation cohort; receiver 
operating characteristic curves of 1, 3, and 5 years based on the risk score in the ICGC training cohort (C) and TCGA validation cohort (F). 
ICGC, International Cancer Genome Consortium; TCGA, The Cancer Genome Atlas.
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with HCC treatment efficacy prediction and immune 
infiltration (20), so specific mutations in high- and low-risk 
groups may bring benefits for the prognosis of patients. 
We compared HCC samples from the low TRIM score 
subgroup to those from the high TRIM score subgroup in 
terms of substantially modified genes (SMG). The SMG 
mutational landscapes revealed that in the high TRIM 
score group, TP53 (17% vs. 47%) had greater somatic 
mutation rates, whereas in the low TRIM score group, 
CTNNB1 (34% vs. 23%) had higher somatic mutation 
rates (Figure S5A,S5B).

Correlation between TRIM genes and the TISH database

We used TISCH to investigate the expression of the 
TRIM genes in the HCC tumor microenvironment at the 
single-cell level (Figure 8A-8I). In LIHC_GSE140228, 
most TRIM genes were mainly expressed in immune cells, 
including B cells, plasma cells, exhausted CD8T (Tex) cells, 
CD8T cells, CD4 conventional T (Tconv) cells, mono/
macrophages, mast cells, Tpolif cells, natural killer (NK) 
cells, and regulatory T cells. These results suggested that 
the expression of TRIM genes in HCC was closely related 
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Figure 6 Prognostic risk scores correlated with clinicopathological features, estimate score, stromal score, tumor purity, OS status, TNM 
stage, and immune score in TCGA training cohort. (A) Heatmap and clinicopathologic features of high- and low-risk groups. (B-H) 
Distribution of risk scores stratified by cluster 1/2 (B), estimate score (C), immune score (D), stromal score (E), tumor purity (F), OS status 
(G), and TNM stage (H). *P<0.05, and ***P<0.001. OS, overall survival; TCGA, The Cancer Genome Atlas. 
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Figure 7 Prognostic risk scores correlated with TIDE score, sorafenib and TACE treatment. (A) Prognostic risk scores correlated with 
TIDE score; (B) the response to ICI treatment; the response to sorafenib treatment (C) and TACE treatment (D). TIDE, tumor cell 
dysfunction and exclusion; ICIs, immune checkpoint inhibitors; TACE, transarterial chemotherapy embolization.
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to immune cell infiltration (Figure 8).

Effect of genetic alterations of the TRIM gene signatures 
on immune cell infiltration

We used TIMER 2.0 to analyze the relationship of 9 TRIM 
genes with infiltration levels of 6 immune cell types to 
assess the effect of the 9 TRIM genes on the HCC immune 
microenvironment. The results revealed that a significantly 
positive correlation was observed between almost all the 
immune cells and the 9 TRIM genes (Figures S6,S7). These 
results confirmed that TRIM gene-based risk signatures 
were implicated in the TIME of HCC.

Genome instability and immune cell infiltration are 
both promoted by somatic CNAs. The infiltration levels 
of B cells, CD4+ T cells, CD8+ T cells, neutrophils, 
macrophages, and dendritic cells in HCC were significantly 
impacted by the CNAs of the identified TRIM gene 
signatures, including arm-level deletion and arm-level gain 
(Figure 9). These findings showed that TRIM genes were 
important regulators of TIME in HCC patients.

Finally, we performed copy number variation (CNV) 
analysis on 9 TRIM genes, and the results showed that 
all 9 genes had acquired mutations greater than deletion 

mutations (Figure 10A). In addition, we labeled the location 
of the 9 TRIM genes on the chromosome, as shown in  
Figure 10B. Further analysis showed that in MID1, the 
alteration frequency of deep deletion and amplification 
accounted for the vast majority, but in TRIM5 and TRIM28, 
both accounted for half. In addition, the alteration frequency 
of amplification occupied almost all of the other TRIM genes 
(Figure 10C). The results of the abovementioned studies 
indicated that the genomic and transcriptomic landscapes 
had significant differences and connections.

Discussion

The expression patterns, prognostic values, and effects on 
TIME of the TRIM genes in HCC were investigated in this 
study. In HCC tissues, the expression of 45 TRIM genes 
increased significantly, while the expression of 7 TRIM genes 
dropped dramatically. By using consensus clustering for 
TRIM genes, we were successful in identifying subgroups of 
HCC: cluster 1 and cluster 2. The cluster subtype affected 
the prognosis and different clinicopathological features of 
HCC and was closely related to immune cell infiltration 
levels. We characterized the effects of differential TRIM 
genes on different HCC subtypes by clustering TRIM 
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Figure 8 The cell types and their distribution in the LIHC_GSE140228 datasets. (A) The distribution of 8 TRIM genes in different cell 
types was analyzed using single-cell resolution in the LIHC_GSE140228 datasets. MID1 (B), TRIM5 (C), TRIM22 (D), TRIM28 (E), 
TRIM31 (F), TRIM37 (G), TRIM38 (H), and TRIM47 (I). LIHC, liver hepatocellular carcinoma; TRIM, tripartite-motif. 

genes. The patients in cluster 1 showed a lower TNM stage. 
Similarly, cluster 1 had a better survival rate compared with 
that of cluster 2.

Furthermore, we analyzed and summarized the prognostic 
predictive role of TRIM family genes in HCC, and finally 
derived 9 prognostic risk signatures from TRIM genes, 
which effectively stratified the OS of HCC patients in the 
ICGC and TCGA cohorts into high- and low-risk groups. 
The risk score was found to be an independent prognostic 
factor for HCC patients in both univariate and multivariate 

cox regression models. The high- and low-risk groups 
were also related to distinct clustering subtypes, TNM 
stage, immune score, estimate score, tumor purity, and 
stromal score. Among these risk signatures, MID1, known 
as TRIM18, functions as an oncogene in melanoma (21).  
TRIM31, TRIM28, TRIM37, and TRIM47 are involved 
in oncogenic regulation in HCC, gastric cancer, prostate 
cancer, and renal cell carcinoma, respectively (22-25). 
Interestingly, TRIM37 has emerged as a tumor-suppressive 
regulator in various tumors in TRIM37 knock-out mice. 
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Figure 9 Effect of genetic alterations of TRIM gene-relevant signature on the immune cell infiltration. (A-I) MID1 (A), TRIM5 (B), TRIM22 
(C), TRIM28 (D), TRIM31 (E), TRIM37 (F), TRIM38 (G), TRIM47 (H), and TRIM74 (I). *P<0.05, **P<0.01, and ***P<0.001. TRIM, 
tripartite-motif.
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Figure 10 CNV frequency, location and alteration frequency of prognostic TRIM genes. CNV frequency of 9 prognostic TRIM genes (A). 
Location of TRIM genes on chromosomes (B). Alteration frequency of 9 prognostic TRIM genes (C). CNV, copy number variation; TRIM, 
tripartite-motif.
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TRIM22 is a double-edged sword in that it is a tumor-
suppressive regulator in endometrial cancer and gastric 
cancer (26,27) but is involved in oncogenic regulation in 
non-small cell lung cancer and chronic myeloid leukemia 
(28,29). There are few studies of TRIM38 and TRIM74 in 
tumors, and currently, research mainly focuses on innate 
immunity and inflammatory response (30,31). These 
findings demonstrated that deregulation of specific TRIM 
genes played separate functions in various cancers.

To further interrogate the mechanism of the role of 
TRIM family genes in HCC, we performed GSVA analysis 
and the results indicated that the malignant functional 
features of the tumor, including amino acid metabolism, 
fatty acid metabolism, and the drug metabolism cytochrome 
P450 pathway, were significantly enriched in cluster 1. 
This may be related to the high response of cluster 1 to 
sorafenib, TACE, as well as immunotherapy, which in turn 

had a better prognosis than cluster 2. Previous research 
has shown that RIPK3-dependent TRIM28 inhibition 
in cancer cells leads to increased immunostimulatory 
cytokine production in the tumor microenvironment, which 
contributes to strong cytotoxic antitumor immunity (32). 
Liu et al. discovered that TRIM28 knockdown increases 
sensitivity to etoposide by upregulating E2F1 in non-
small cell lung cancer (33). Previous study indicated that 
the expression level of TRIM37 significantly increased in  
354 HCC tissues and promoted peroxisomal matrix protein 
import via direct monoubiquitination of PEX5 at K464 and 
silencing of gene expression through monoubiquitination 
of histone H2A (34). Clinical data analysis has suggested 
that patients with high expression of TRIM37 have more 
sorafenib resistance and shorter disease-free survival 
(DFS) and OS (P<0.01) (34). In addition, previous 
research reported that TRIM47 overexpression played a 
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role in colorectal cancer chemoresistance in response to 
fluorouracil (5-FU) therapy (35). To date, TRIM38 and 
TRIM74 have been poorly studied in tumors, and their role 
in tumors may require more attention and investigation in 
the future. The above results were consistent with our study 
results; that is, patients in the high-risk group had a low 
response to both sorafenib treatment and TACE treatment, 
and had a poor prognosis. This suggested that for high-risk 
patients, new treatment strategies may need to be developed 
to improve survival rates. The predictive significance of 
the TRIM gene-relevant signatures was assessed in HCC 
patients and validated in the TCGA cohort, as well as the 
external GSE109211 and GSE104580 cohorts. The results 
showed that the TRIM gene-associated risk profiles could 
effectively predict the prognosis of HCC patients, allowing 
for more personalized treatment options and greater insight 
into the advancement of therapeutic techniques.

Previous studies have shown a close relationship between 
gene mutations and tumor development prognosis as well 
as treatment (36-38). Simultaneously, numerous research 
findings have revealed that the most common mutant gene 
mutations in HCC are, among others, TP53 and CTNNB1, 
which are closely connected to the prognosis and therapies 
of HCC (36-38). At the same time, we also found that the 
most frequent type of non-nonsense mutation, whether 
in the low- or high-risk group, was a missense mutation. 
The top 3 genes with the highest frequency were TP53, 
TTN, and CTNNB1, respectively, which was consistent with 
previous studies (39,40). However, we found that the genes 
with the highest mutation frequency among high- and low-
risk groups differed, with CTNNB1 highest in the low-risk 
group and TP53 highest in the high-risk group. Therefore, 
we may be able to distinguish whether a patient belongs to 
a high- or low-risk group by the specific gene mutated. 

Although there are many models related to the 
prognosis and treatment of HCC, in this study, the risk 
prognostic model could distinguish well high and low risks 
by prognosis-related TRIM genes. In addition, the model 
could also distinguish well the response of HCC patients 
to immunotherapy, targeted therapy, and TACE, providing 
new insights and theories for precise, personalized 
treatment of HCC patients. In this study, the risk score 
based on the 9 TRIM gene-based risk signatures was shown 
to be strongly related to immune cell infiltration. These 
findings suggested that TRIM genes are involved in TIME 
regulation to some extent. In addition, the advent of ICIs 
has brought great benefits to cancer patients, and HCC 

patients are no exception, but not all patients can benefit 
from the treatment of ICIs. The immune checkpoint 
(CTLA4, HAVCR2, and PDCD1) expression levels of 
cluster 2 were significantly higher than that of cluster 1. 
The immunotherapy response of HCC is very low (about 
10%), and our risk model could distinguish well which 
patients responded to immunotherapy, which in turn 
may improve the immunotherapy effect. To evaluate the 
response of HCC patients to immunotherapy, we employed 
the TIDE score, with the results showing that the low-risk 
score group had a low TIDE score but a high response to 
ICI treatment. Therefore, we proved that the TRIM family 
gene-based prognostic model could evaluate well the 
degree of benefit of immunotherapy in patients at different 
risk levels, leading to the implementation of personalized 
treatment strategies for different patients, ultimately 
benefiting patients.

Our research did, however, have some limitations. For 
instance, our findings were confirmed in the ICGC, TCGA, 
and GEO cohorts, but we didn’t have any independent 
clinical sample data to support our claims and conclusions. 
Thus, the results of our research will need to be verified 
further, and we will continue to investigate TRIM gene 
correction and TIME in HCC in the future. In addition, 
the TRIM family’s regulatory mechanism in TIME should 
be explored further in order to restructure TIME and 
improve HCC precision immunotherapy.

Conclusions

In conclusion, this research examined the prognostic 
significance, immune checkpoint correlations, TIME 
relevance, and potential regulatory mechanisms of TRIM 
genes in HCC. The risk score established from 9 TRIM 
gene-based signatures was found to be an independent 
prognostic indicator for HCC patients. TACE and ICI 
treatment were more likely to benefit patients with a low-
risk score. The levels of immune cell infiltration in patients 
with HCC were strongly associated with the TRIM gene-
based signatures. Further, many signaling pathways may 
be implicated in the regulation of the HCC immune 
microenvironment by the TRIM family. The identification 
of TRIM genes that contribute to biochemical pathways 
controlling tumor immune responses, as well as examining 
their regulatory processes and responses, could provide 
potential targets for enhancing HCC’s immunotherapy 
responsiveness.
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Figure S1 Upregulation of TRIM genes in HCC in ICGC cohort. Heatmap (A) and expression levels (B) of 62 TRIM genes. *P<0.05, 
**P<0.01, and ***P<0.001. TRIM, tripartite-motif; HCC, hepatocellular carcinoma; ICGC, International Cancer Genome Consortium.
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Table S1 The expression of all TRIM genes in HCC

Gene conMean treatMean logFC pValue

MID1 2.3272 3.6603 0.6533 <0.0001

MID2 1.1669 2.0190 0.7910 <0.0001

PML 6.1567 8.8012 0.5155 <0.0001

TRIM10 1.6589 1.5359 −0.1112 0.0006 

TRIM11 2.5510 6.4281 1.3333 <0.0001

TRIM13 1.8944 2.2073 0.2206 0.0001 

TRIM15 13.4980 7.4353 −0.8603 <0.0001

TRIM17 0.1045 0.3931 1.9112 <0.0001

TRIM2 3.2447 3.2776 0.0146 0.0002 

TRIM21 7.2214 8.9731 0.3133 <0.0001

TRIM22 21.7251 14.5495 −0.5784 <0.0001

TRIM23 2.7480 3.9504 0.5236 <0.0001

TRIM24 6.9237 15.8774 1.1974 <0.0001

TRIM25 9.4121 10.6317 0.1758 0.0008 

TRIM26 17.6007 23.8897 0.4408 <0.0001

TRIM27 15.6307 25.1302 0.6850 <0.0001

TRIM28 20.1263 42.7724 1.0876 <0.0001

TRIM3 2.4164 3.7850 0.6474 <0.0001

TRIM31 1.9820 7.3746 1.8956 <0.0001

TRIM32 1.2058 2.2773 0.9174 <0.0001

TRIM33 3.5734 4.9978 0.4840 <0.0001

TRIM34 2.0262 2.6108 0.3657 <0.0001

TRIM35 4.7165 4.1282 −0.1922 <0.0001

TRIM36 0.1685 0.3419 1.0209 <0.0001

TRIM37 2.1983 4.8216 1.1331 <0.0001

TRIM38 6.4133 7.8524 0.2921 0.0009 

TRIM39 3.2459 5.4129 0.7378 <0.0001

TRIM4 4.8269 7.8473 0.7011 <0.0001

TRIM40 0.4712 0.3437 −0.4550 0.5527 

TRIM41 6.4748 10.8891 0.7500 <0.0001

TRIM42 0.0040 0.0090 1.1693 0.0193 

TRIM43 0.0011 0.0067 2.5721 0.0004 

TRIM45 0.5743 2.3532 2.0346 <0.0001

TRIM46 0.1212 0.3280 1.4361 <0.0001

TRIM47 4.8948 10.5915 1.1136 <0.0001

TRIM48 0.0013 0.0013 −0.0647 0.5072 

TRIM49 0.0000 0.0035 Inf 0.0694 

TRIM5 6.6641 7.1118 0.0938 0.1080 

TRIM50 0.1675 3.0263 4.1756 0.0015 

TRIM52 3.1569 6.2149 0.9772 <0.0001

TRIM54 0.0845 0.8949 3.4051 <0.0001

TRIM55 3.5903 17.7277 2.3038 <0.0001

TRIM56 1.8245 2.8449 0.6408 <0.0001

TRIM58 0.0689 0.0423 −0.7061 <0.0001

TRIM6 0.3605 1.2824 1.8309 <0.0001

TRIM60 0.0001 0.0508 8.5018 <0.0001

TRIM61 0.2178 0.1920 −0.1818 <0.0001

TRIM62 0.5455 0.9907 0.8609 <0.0001

TRIM63 0.0404 0.2764 2.7751 0.0124 

TRIM64 0.0078 0.0017 −2.2199 0.9238 

TRIM65 1.8777 4.5920 1.2902 <0.0001

TRIM67 0.0554 0.1652 1.5758 <0.0001

TRIM68 1.5532 2.7472 0.8227 <0.0001

TRIM69 0.9438 0.9485 0.0072 0.3320 

TRIM7 0.2728 0.9631 1.8201 <0.0001

TRIM71 0.0074 0.3440 5.5479 <0.0001

TRIM72 0.0116 0.0673 2.5391 <0.0001

TRIM73 0.3637 0.3947 0.1179 0.2986 

TRIM74 0.3637 0.3947 0.1179 0.2986 

TRIM8 16.0656 24.6381 0.6169 <0.0001

TRIM9 0.1845 0.4125 1.1608 0.2852 

TRIML1 0.0073 0.0134 0.8848 0.9188 
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Table S2 GSVA analysis to elucidate the potential regulatory mechanisms between the two subgroups

ID logFC AveExpr P.Value adj.P.Val

KEGG_LINOLEIC_ACID_METABOLISM −0.4362 0.0560 <0.0001 <0.0001

KEGG_COMPLEMENT_AND_COAGULATION_CASCADES −0.5351 0.0241 <0.0001 <0.0001

KEGG_HOMOLOGOUS_RECOMBINATION 0.4144 −0.0528 <0.0001 <0.0001

KEGG_PRIMARY_BILE_ACID_BIOSYNTHESIS −0.6119 0.0168 <0.0001 <0.0001

KEGG_TRYPTOPHAN_METABOLISM −0.4842 0.0175 <0.0001 <0.0001

KEGG_ABC_TRANSPORTERS −0.3023 −0.0123 <0.0001 <0.0001

KEGG_BETA_ALANINE_METABOLISM −0.4846 0.0198 <0.0001 <0.0001

KEGG_SPLICEOSOME 0.3668 −0.0469 <0.0001 <0.0001

KEGG_HISTIDINE_METABOLISM −0.4064 0.0035 <0.0001 <0.0001

KEGG_DRUG_METABOLISM_CYTOCHROME_P450 −0.4921 0.0287 <0.0001 <0.0001

KEGG_ARACHIDONIC_ACID_METABOLISM −0.2866 0.0366 <0.0001 <0.0001

KEGG_PHENYLALANINE_METABOLISM −0.4250 0.0146 <0.0001 <0.0001

KEGG_PPAR_SIGNALING_PATHWAY −0.3723 0.0278 <0.0001 <0.0001

KEGG_FATTY_ACID_METABOLISM −0.5202 0.0120 <0.0001 <0.0001

KEGG_RETINOL_METABOLISM −0.4790 0.0386 <0.0001 <0.0001

KEGG_PROPANOATE_METABOLISM −0.4654 0.0061 <0.0001 <0.0001

KEGG_TYROSINE_METABOLISM −0.3756 0.0143 <0.0001 <0.0001

KEGG_DNA_REPLICATION 0.4536 −0.0480 <0.0001 <0.0001

KEGG_GLYCINE_SERINE_AND_THREONINE_METABOLISM −0.4740 0.0085 <0.0001 <0.0001

KEGG_VALINE_LEUCINE_AND_ISOLEUCINE_DEGRADATION −0.4999 0.0107 <0.0001 <0.0001

KEGG_METABOLISM_OF_XENOBIOTICS_BY_CYTOCHROME_P450 −0.4452 0.0278 <0.0001 <0.0001

KEGG_BUTANOATE_METABOLISM −0.4414 0.0236 <0.0001 <0.0001

KEGG_STEROID_HORMONE_BIOSYNTHESIS −0.4255 0.0340 <0.0001 <0.0001

KEGG_STARCH_AND_SUCROSE_METABOLISM −0.3732 0.0159 <0.0001 <0.0001

KEGG_PYRUVATE_METABOLISM −0.3380 0.0052 <0.0001 <0.0001

KEGG_ALANINE_ASPARTATE_AND_GLUTAMATE_METABOLISM −0.3489 0.0130 <0.0001 <0.0001

KEGG_PEROXISOME −0.3760 0.0035 <0.0001 <0.0001

KEGG_ARGININE_AND_PROLINE_METABOLISM −0.3389 0.0119 <0.0001 <0.0001

KEGG_CELL_CYCLE 0.2833 −0.0425 <0.0001 <0.0001

KEGG_BASE_EXCISION_REPAIR 0.2861 −0.0547 <0.0001 <0.0001

KEGG_RNA_DEGRADATION 0.2455 −0.0447 <0.0001 <0.0001

KEGG_OLFACTORY_TRANSDUCTION −0.1981 0.1215 <0.0001 <0.0001

KEGG_ASCORBATE_AND_ALDARATE_METABOLISM −0.4993 0.0309 <0.0001 <0.0001

KEGG_NITROGEN_METABOLISM −0.2892 0.0337 <0.0001 <0.0001

KEGG_DRUG_METABOLISM_OTHER_ENZYMES −0.3605 0.0143 <0.0001 <0.0001

KEGG_ADIPOCYTOKINE_SIGNALING_PATHWAY −0.1837 −0.0184 <0.0001 <0.0001

KEGG_PENTOSE_AND_GLUCURONATE_INTERCONVERSIONS −0.4425 0.0253 <0.0001 <0.0001

KEGG_ALPHA_LINOLENIC_ACID_METABOLISM −0.2423 0.0566 <0.0001 <0.0001

KEGG_NEUROACTIVE_LIGAND_RECEPTOR_INTERACTION −0.1584 0.0431 <0.0001 <0.0001

KEGG_FOLATE_BIOSYNTHESIS −0.3437 0.0017 <0.0001 <0.0001

KEGG_PROXIMAL_TUBULE_BICARBONATE_RECLAMATION −0.2409 0.0302 <0.0001 <0.0001

KEGG_MISMATCH_REPAIR 0.3222 −0.0470 <0.0001 <0.0001

KEGG_CYSTEINE_AND_METHIONINE_METABOLISM −0.2067 −0.0193 <0.0001 <0.0001

KEGG_UBIQUITIN_MEDIATED_PROTEOLYSIS 0.1727 −0.0432 <0.0001 <0.0001

KEGG_NUCLEOTIDE_EXCISION_REPAIR 0.2386 −0.0505 <0.0001 <0.0001

KEGG_RENIN_ANGIOTENSIN_SYSTEM −0.2404 0.0294 <0.0001 <0.0001

KEGG_RNA_POLYMERASE 0.2721 −0.0561 <0.0001 <0.0001

KEGG_PYRIMIDINE_METABOLISM 0.1930 −0.0445 <0.0001 <0.0001

KEGG_GLYCOLYSIS_GLUCONEOGENESIS −0.2388 0.0118 <0.0001 <0.0001

KEGG_GLYCOSAMINOGLYCAN_BIOSYNTHESIS_KERATAN_SULFATE 0.2046 −0.0113 <0.0001 <0.0001

KEGG_PURINE_METABOLISM 0.1181 −0.0305 <0.0001 <0.0001

KEGG_PORPHYRIN_AND_CHLOROPHYLL_METABOLISM −0.3215 −0.0056 <0.0001 <0.0001

KEGG_LYSINE_DEGRADATION −0.2463 −0.0319 <0.0001 <0.0001

KEGG_OOCYTE_MEIOSIS 0.1546 −0.0246 <0.0001 <0.0001

KEGG_BIOSYNTHESIS_OF_UNSATURATED_FATTY_ACIDS −0.2928 −0.0033 <0.0001 <0.0001

KEGG_GLYCEROLIPID_METABOLISM −0.1413 0.0045 <0.0001 <0.0001

KEGG_BLADDER_CANCER 0.1553 −0.0287 <0.0001 <0.0001

KEGG_VASOPRESSIN_REGULATED_WATER_REABSORPTION 0.1656 −0.0266 <0.0001 <0.0001

KEGG_TAURINE_AND_HYPOTAURINE_METABOLISM −0.1956 0.0123 <0.0001 <0.0001

KEGG_PATHOGENIC_ESCHERICHIA_COLI_INFECTION 0.1904 −0.0226 <0.0001 <0.0001

KEGG_NICOTINATE_AND_NICOTINAMIDE_METABOLISM −0.1734 −0.0065 <0.0001 <0.0001

KEGG_GLYOXYLATE_AND_DICARBOXYLATE_METABOLISM −0.2582 −0.0179 <0.0001 <0.0001

KEGG_ENDOCYTOSIS 0.1132 −0.0290 <0.0001 <0.0001

KEGG_NOTCH_SIGNALING_PATHWAY 0.1637 −0.0331 <0.0001 <0.0001

KEGG_CHRONIC_MYELOID_LEUKEMIA 0.1469 −0.0356 <0.0001 <0.0001

KEGG_MATURITY_ONSET_DIABETES_OF_THE_YOUNG −0.2106 0.0634 <0.0001 <0.0001

KEGG_PROGESTERONE_MEDIATED_OOCYTE_MATURATION 0.1317 −0.0235 <0.0001 <0.0001

KEGG_VIBRIO_CHOLERAE_INFECTION 0.1555 −0.0246 <0.0001 <0.0001

KEGG_RIBOSOME 0.3317 −0.0444 <0.0001 <0.0001

KEGG_MTOR_SIGNALING_PATHWAY 0.1126 −0.0330 <0.0001 <0.0001

KEGG_CITRATE_CYCLE_TCA_CYCLE −0.2601 −0.0140 <0.0001 <0.0001

KEGG_FC_GAMMA_R_MEDIATED_PHAGOCYTOSIS 0.1620 −0.0202 <0.0001 <0.0001

KEGG_PRION_DISEASES −0.1604 −0.0142 <0.0001 <0.0001

KEGG_ALDOSTERONE_REGULATED_SODIUM_REABSORPTION −0.1090 0.0144 <0.0001 <0.0001

KEGG_CALCIUM_SIGNALING_PATHWAY −0.1111 0.0175 <0.0001 <0.0001

KEGG_PANCREATIC_CANCER 0.1387 −0.0314 <0.0001 <0.0001

KEGG_NON_HOMOLOGOUS_END_JOINING 0.1840 −0.0353 <0.0001 <0.0001

KEGG_THYROID_CANCER 0.1095 −0.0426 <0.0001 <0.0001

KEGG_NON_SMALL_CELL_LUNG_CANCER 0.1096 −0.0325 <0.0001 0.0001 

KEGG_GLYCOSAMINOGLYCAN_BIOSYNTHESIS_HEPARAN_
SULFATE

0.1164 0.0023 <0.0002 0.0001 

KEGG_NEUROTROPHIN_SIGNALING_PATHWAY 0.1118 −0.0292 0.0001 0.0002 

KEGG_ERBB_SIGNALING_PATHWAY 0.1003 −0.0169 0.0001 0.0002 

KEGG_BASAL_TRANSCRIPTION_FACTORS 0.1289 −0.0379 0.0001 0.0002 

KEGG_GLYCOSYLPHOSPHATIDYLINOSITOL_GPI_ANCHOR_
BIOSYNTHESIS

0.1491 −0.0471 0.0001 0.0002 

KEGG_GLYCOSAMINOGLYCAN_BIOSYNTHESIS_CHONDROITIN_
SULFATE

0.1576 −0.0157 0.0001 0.0003 

KEGG_RENAL_CELL_CARCINOMA 0.1315 −0.0216 0.0002 0.0003 

KEGG_PANTOTHENATE_AND_COA_BIOSYNTHESIS −0.1478 −0.0195 0.0002 0.0005 

KEGG_SYSTEMIC_LUPUS_ERYTHEMATOSUS −0.1909 −0.0013 0.0003 0.0006 

KEGG_GLUTATHIONE_METABOLISM −0.1349 −0.0093 0.0004 0.0009 

KEGG_ONE_CARBON_POOL_BY_FOLATE −0.1441 −0.0258 0.0005 0.0009 

KEGG_GALACTOSE_METABOLISM −0.1080 0.0034 0.0006 0.0011 

KEGG_SNARE_INTERACTIONS_IN_VESICULAR_TRANSPORT 0.1004 −0.0327 0.0014 0.0027 

KEGG_AUTOIMMUNE_THYROID_DISEASE −0.1667 0.0217 0.0019 0.0035 

KEGG_SULFUR_METABOLISM −0.1121 −0.0188 0.0035 0.0062 

KEGG_CYTOKINE_CYTOKINE_RECEPTOR_INTERACTION −0.1077 0.0127 0.0058 0.0100 

KEGG_CELL_ADHESION_MOLECULES_CAMS −0.1107 0.0035 0.0060 0.0103 

KEGG_RIBOFLAVIN_METABOLISM 0.1104 −0.0333 0.0062 0.0104 

KEGG_AMINOACYL_TRNA_BIOSYNTHESIS 0.1325 −0.0469 0.0092 0.0146 

KEGG_CIRCADIAN_RHYTHM_MAMMAL −0.1121 −0.0384 0.0098 0.0153 

KEGG_ASTHMA −0.1477 0.0069 0.0103 0.0159 

KEGG_GRAFT_VERSUS_HOST_DISEASE −0.1461 −0.0085 0.0210 0.0309 

KEGG_ALLOGRAFT_REJECTION −0.1442 −0.0097 0.0256 0.0373 
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Table S3 Prognostic nine TRIM genes

Gene Coef

MID1 0.2866 

TRIM22 −0.2776 

TRIM28 0.0285 

TRIM31 0.1564 

TRIM37 0.5382 

TRIM38 −0.1205 

TRIM47 0.1407 

TRIM5 −0.1805 

TRIM74 −0.9219 

Table S4 Risk score for all TCGA data

ID Exclusion Dysfunction riskScore Risk

TCGA-2Y-A9H3 −0.0474 0.1729 −49.3037 Low

TCGA-2Y-A9GU −0.0283 −0.0595 −45.6506 Low

TCGA-FV-A3R3 0.0016 0.0780 −25.7199 Low

TCGA-2Y-A9GT −0.1133 0.1553 −14.4872 Low

TCGA-RC-A7SF 0.0027 −0.0308 −12.2966 Low

TCGA-5R-AA1C 0.0081 −0.1849 −11.2011 Low

TCGA-2Y-A9GZ −0.0310 0.0087 −8.9811 Low

TCGA-ZS-A9CF −0.0443 −0.0676 −8.6015 Low

TCGA-ED-A5KG −0.1825 0.2566 −7.1056 Low

TCGA-LG-A9QD −0.0386 0.0088 −6.9790 Low

TCGA-G3-AAV3 −0.0393 0.0945 −5.0507 Low

TCGA-DD-A4NV −0.0107 0.0569 −4.3457 Low

TCGA-ZS-A9CE −0.0040 0.0088 −4.1545 Low

TCGA-K7-A5RF −0.0908 0.2246 −4.0518 Low

TCGA-DD-A73G 0.0315 0.0656 −1.9289 Low

TCGA-WX-AA46 −0.0293 −0.0343 −1.6475 Low

TCGA-DD-AAE2 −0.0683 0.0630 −1.1195 Low

TCGA-DD-A4NI −0.0923 −0.0071 −0.7051 Low

TCGA-UB-A7MF −0.0987 0.1404 −0.1059 Low

TCGA-DD-AAE7 −0.0341 0.0628 −0.0399 Low

TCGA-EP-A12J −0.0387 0.0018 −0.0217 Low

TCGA-DD-AAE4 −0.0108 0.0394 0.7199 High

TCGA-DD-AADK 0.0292 0.0299 0.7691 High

TCGA-G3-A7M8 −0.0309 0.0196 0.8261 High

TCGA-ES-A2HS 0.0376 0.0594 1.3293 High

TCGA-UB-AA0V −0.0022 0.0173 1.5663 High

TCGA-DD-AADS −0.0098 0.1034 1.7363 High

TCGA-DD-A113 −0.0018 −0.0684 2.2476 High

TCGA-UB-A7ME −0.0416 0.0942 2.4707 High

TCGA-2Y-A9GW −0.1168 0.0859 2.5219 High

TCGA-2Y-A9H1 0.0125 0.0484 2.7754 High

TCGA-DD-A73F −0.1009 0.1551 2.9532 High

TCGA-2Y-A9H6 −0.0518 0.1375 3.0770 High

TCGA-DD-A4NL −0.0425 0.0619 3.1210 High

TCGA-K7-A6G5 −0.0156 0.0430 3.1394 High

TCGA-LG-A6GG −0.0199 −0.0384 3.2767 High

TCGA-G3-AAV0 0.0066 0.0990 3.4712 High

TCGA-ED-A82E 0.0374 −0.0066 3.8014 High

TCGA-DD-AAVX −0.0609 0.0809 4.0699 High

TCGA-G3-A3CH −0.0394 0.0582 4.1358 High

TCGA-G3-A5SK −0.0617 −0.0617 4.1507 High

TCGA-BC-A10X 0.0040 −0.0119 4.3283 High

TCGA-MR-A520 −0.0346 −0.0784 4.3670 High

TCGA-EP-A26S −0.0033 −0.0683 4.5219 High

TCGA-DD-A11C 0.0044 −0.0303 5.6144 High

TCGA-G3-A3CI −0.0516 0.0535 5.8799 High

TCGA-DD-A73A −0.0788 0.0224 5.9362 High

TCGA-DD-A11B −0.0209 −0.1642 6.0507 High

TCGA-FV-A495 0.0461 0.1868 6.1468 High

TCGA-WQ-AB4B 0.0142 −0.0100 6.3425 High

TCGA-DD-A4ND −0.0066 0.0436 6.4321 High

TCGA-ZS-A9CG 0.0049 −0.0553 6.5373 High

TCGA-ES-A2HT 0.0041 0.0666 6.5914 High

TCGA-2Y-A9GV −0.0919 0.0599 6.7530 High

TCGA-DD-AAEG 0.0187 −0.0519 6.8438 High

TCGA-KR-A7K2 −0.0116 0.0542 7.0492 High

TCGA-DD-AAVR −0.0418 0.0522 7.2502 High

TCGA-DD-A4NK −0.0430 0.0197 7.5605 High

TCGA-PD-A5DF 0.0162 −0.0401 7.6052 High

TCGA-2Y-A9HB −0.0880 0.0848 7.7086 High

TCGA-DD-A3A1 −0.0059 0.0065 8.1417 High

TCGA-FV-A3I0 0.0304 0.0477 8.1706 High

TCGA-DD-AAE3 0.0284 0.0006 8.4894 High

TCGA-G3-A6UC −0.0475 −0.0144 8.7629 High

TCGA-5C-A9VG 0.0467 −0.1069 8.7828 High

TCGA-G3-A3CG −0.0462 0.0066 9.0318 High

TCGA-2Y-A9H9 −0.0498 0.0371 9.1955 High

TCGA-EP-A3JL −0.0205 0.0575 9.3135 High

TCGA-DD-AACK −0.0127 −0.1191 9.3311 High

TCGA-ED-A4XI −0.0559 0.1675 9.5345 High

TCGA-DD-AAED −0.0236 −0.0681 9.6136 High

TCGA-DD-AACC −0.1869 0.2904 9.6498 High

TCGA-5R-AAAM −0.0141 0.1120 9.7452 High

TCGA-DD-A39V 0.0321 0.0105 9.7919 High

TCGA-DD-A11D −0.0371 0.0481 9.9768 High

TCGA-DD-A4NE 0.0165 −0.1350 10.0410 High

TCGA-5C-A9VH 0.0083 −0.0040 10.1745 High

TCGA-DD-AACD 0.0164 0.0093 10.4713 High

TCGA-K7-A5RG −0.1837 0.2402 10.6122 High

TCGA-DD-AAD2 0.0210 0.1095 10.7700 High

TCGA-DD-AAEK −0.0931 0.1204 10.8463 High

TCGA-DD-A3A9 0.0527 0.0954 10.8841 High

TCGA-O8-A75V −0.0335 0.0687 10.9630 High

TCGA-DD-AAVQ −0.1064 0.2493 11.0546 High

TCGA-G3-AAUZ 0.0048 0.1033 11.1211 High

TCGA-DD-AAEH −0.0626 0.0880 11.4667 High

TCGA-DD-A73B 0.0017 −0.1862 11.4723 High

TCGA-2Y-A9H5 −0.0277 0.0224 11.8374 High

TCGA-G3-A25T 0.0423 0.0380 12.2692 High

TCGA-DD-AACZ −0.0758 −0.0618 12.3836 High

TCGA-GJ-A9DB −0.0164 0.0513 12.4499 High

TCGA-G3-A3CK −0.0302 −0.0706 12.5069 High

TCGA-DD-A1ED −0.0614 0.0573 12.6590 High

TCGA-KR-A7K0 −0.0113 −0.0244 12.7702 High

TCGA-DD-AAD3 0.0098 0.0458 12.8558 High

TCGA-3K-AAZ8 −0.0510 0.0442 12.8906 High

TCGA-EP-A2KC −0.0236 −0.0809 13.1717 High

TCGA-G3-AAV2 0.0261 0.0296 13.2008 High

TCGA-G3-AAV5 0.0352 −0.0780 13.2622 High

TCGA-2Y-A9H2 −0.0158 0.0491 13.2923 High

TCGA-XR-A8TD −0.0864 0.0944 13.5165 High

TCGA-RC-A7S9 0.0146 −0.0440 13.5989 High

TCGA-ED-A627 −0.0212 0.2243 13.6795 High

TCGA-DD-AAD8 −0.0228 −0.0528 13.6966 High

TCGA-DD-AADA −0.0408 −0.0407 13.6971 High

TCGA-XR-A8TG −0.0113 −0.0581 13.9032 High

TCGA-DD-AACO 0.0194 −0.0051 13.9748 High

TCGA-DD-A4NS 0.0179 0.1750 14.0901 High

TCGA-2Y-A9GX −0.0399 0.1317 14.1431 High

TCGA-YA-A8S7 −0.0327 0.0863 14.6573 High

TCGA-DD-AADF 0.0171 −0.0235 14.7114 High

TCGA-CC-5260 0.0270 0.0650 14.9802 High

TCGA-BC-A69I 0.0211 0.0915 14.9951 High

TCGA-G3-A25V −0.0369 0.1178 15.1010 High

TCGA-DD-A4NP 0.0198 0.0001 15.1884 High

TCGA-FV-A2QR 0.0009 −0.0206 15.3318 High

TCGA-DD-A1EE −0.0298 −0.0888 15.3649 High

TCGA-DD-A3A5 0.0143 0.0626 15.3840 High

TCGA-DD-AAW1 −0.0282 −0.0241 15.5194 High

TCGA-DD-A4NN 0.0525 −0.0546 15.6017 High

TCGA-DD-AAVW −0.0175 −0.0118 15.7967 High

TCGA-BC-A5W4 0.0425 0.0174 16.1183 High

TCGA-DD-AACN 0.0163 −0.0488 16.1690 High

TCGA-UB-AA0U 0.0107 −0.0400 16.1917 High

TCGA-DD-AACY −0.0233 0.0078 16.3513 High

TCGA-DD-AACW 0.0336 −0.0660 16.3846 High

TCGA-KR-A7K8 −0.0538 0.1509 16.4430 High

TCGA-GJ-A3OU −0.2045 0.2154 16.5132 High

TCGA-DD-A1EB −0.0438 0.0155 16.5358 High

TCGA-DD-AADY 0.0026 −0.0949 16.5388 High

TCGA-LG-A9QC −0.0105 −0.0263 16.7782 High

TCGA-DD-AAD1 −0.0171 0.1293 16.8467 High

TCGA-FV-A3R2 −0.0092 −0.0088 16.8733 High

TCGA-DD-AAVY −0.0192 −0.0819 17.0350 High

TCGA-DD-AAW0 −0.0650 0.0225 17.2182 High

TCGA-DD-A4NF −0.0016 −0.0878 17.4766 High

TCGA-DD-A4NJ −0.0408 −0.0589 17.6363 High

TCGA-CC-A8HS 0.0254 −0.1110 17.6735 High

TCGA-HP-A5MZ −0.0402 0.0823 17.7588 High

TCGA-DD-A11A −0.0296 −0.1176 17.8499 High

TCGA-DD-A3A8 0.0292 −0.0196 17.8818 High

TCGA-DD-A4NA −0.0195 0.0035 18.0012 High

TCGA-DD-AACQ −0.0112 0.0560 18.1104 High

TCGA-MI-A75C 0.0056 0.0004 18.1866 High

TCGA-G3-A7M7 0.0087 −0.0180 18.2393 High

TCGA-ZS-A9CD −0.0124 0.0705 18.3647 High

TCGA-DD-AAEI −0.0240 0.0392 18.3789 High

TCGA-DD-AADV 0.0171 −0.0497 18.4240 High

TCGA-DD-A73C −0.0261 −0.0161 18.5181 High

TCGA-BC-4073 −0.0804 −0.0009 18.5490 High

TCGA-DD-A3A6 0.0724 0.1434 18.5962 High

TCGA-DD-A1EG −0.0380 0.0294 18.6194 High

TCGA-MI-A75E −0.0103 0.1863 18.7210 High

TCGA-4R-AA8I −0.0474 −0.0195 19.0536 High

TCGA-RC-A7SH −0.0142 0.0613 19.0774 High

TCGA-DD-A4NR −0.1546 0.2374 19.1824 High

TCGA-CC-A9FS −0.0061 −0.0708 19.2683 High

TCGA-DD-AADM 0.0485 −0.0364 19.2798 High

TCGA-UB-A7MD −0.0492 0.0982 19.3661 High

TCGA-DD-AADG 0.0164 −0.0124 19.4552 High

TCGA-DD-AADP −0.0050 −0.0781 19.5100 High

TCGA-DD-A1EC −0.1259 0.1826 19.5392 High

TCGA-DD-A73E 0.0212 −0.0072 19.7399 High

TCGA-FV-A496 −0.0267 −0.0554 19.8703 High

TCGA-CC-5261 −0.0072 0.0137 19.8791 High

TCGA-CC-A3M9 0.0365 0.1520 19.9448 High

TCGA-RC-A6M4 0.0256 −0.0504 19.9468 High

TCGA-DD-AAE1 −0.0093 −0.0723 20.0012 High

TCGA-DD-AAD0 0.0107 −0.0028 20.0163 High

TCGA-2Y-A9H4 0.0037 0.0098 20.0555 High

TCGA-G3-AAV4 0.0085 −0.0376 20.1092 High

TCGA-5C-AAPD −0.0332 0.1339 20.1679 High

TCGA-DD-A115 0.0042 0.1068 20.2658 High

TCGA-G3-A25Y 0.0284 −0.0204 20.2727 High

TCGA-DD-AAEA −0.0119 0.0390 20.3918 High

TCGA-K7-AAU7 0.0321 0.0047 20.4091 High

TCGA-BW-A5NO −0.0080 −0.0106 20.6713 High

TCGA-DD-A1EK −0.0513 0.0568 20.7388 High

TCGA-ED-A7XP −0.0294 −0.1107 20.7799 High

TCGA-FV-A2QQ −0.0130 −0.0072 20.8270 High

TCGA-DD-A4NO −0.0081 −0.0432 21.1019 High

TCGA-DD-AADQ −0.0059 −0.0688 21.1156 High

TCGA-DD-AADU 0.0047 −0.0233 21.1901 High

TCGA-DD-A1EI 0.0441 −0.0705 21.2066 High

TCGA-ED-A7XO 0.0071 0.1014 21.2980 High

TCGA-EP-A3RK −0.0419 0.0989 21.5279 High

TCGA-ED-A7PX 0.0458 0.0165 21.5419 High

TCGA-DD-A39W −0.0084 −0.0197 21.6660 High

TCGA-G3-A5SM −0.0396 0.0954 21.8344 High

TCGA-BC-A8YO −0.0609 −0.0283 21.9492 High

TCGA-WX-AA44 0.0176 −0.0447 22.5134 High

TCGA-ED-A97K 0.0002 0.0556 22.5578 High

TCGA-DD-A118 −0.0012 −0.0115 22.5898 High

TCGA-CC-5262 0.0543 0.0823 22.6086 High

TCGA-DD-A116 0.0284 0.0755 22.6417 High

TCGA-DD-AAE9 0.0195 −0.0532 22.8720 High

TCGA-BD-A3ER −0.0281 0.0665 22.9885 High

TCGA-CC-5258 0.0434 −0.1473 23.0318 High

TCGA-DD-A3A2 −0.0154 −0.0245 23.5287 High

TCGA-G3-A5SL 0.0122 −0.1855 23.6051 High

TCGA-G3-A3CJ 0.0216 −0.0260 23.6632 High

TCGA-DD-AAC9 −0.0095 0.1043 23.7211 High

TCGA-DD-A1EF −0.0063 −0.0685 23.9588 High

TCGA-BC-A216 −0.0206 −0.0046 24.0985 High

TCGA-DD-A119 0.0377 −0.1074 24.1091 High

TCGA-DD-A4NH −0.0330 −0.0539 24.3243 High

TCGA-DD-AACS −0.0002 −0.0405 24.3873 High

TCGA-DD-AAVZ −0.0338 −0.1349 24.4536 High

TCGA-FV-A3I1 −0.0415 0.0878 24.5146 High

TCGA-CC-A7IH −0.0031 −0.1068 24.6912 High

TCGA-FV-A4ZQ −0.0523 0.0314 24.7356 High

TCGA-EP-A2KA −0.0149 0.0540 24.8030 High

TCGA-DD-A1EA −0.0657 0.0093 24.8794 High

TCGA-XR-A8TE 0.0153 −0.0229 24.9121 High

TCGA-NI-A4U2 −0.0089 −0.0854 25.0381 High

TCGA-2Y-A9H7 0.0318 −0.0449 25.1356 High

TCGA-DD-AACF −0.0094 −0.0188 25.1689 High

TCGA-DD-A3A4 −0.0016 −0.0878 25.2018 High

TCGA-G3-A25Z 0.0028 −0.0538 25.2398 High

TCGA-DD-AAVU 0.0711 −0.0268 25.3713 High

TCGA-DD-AAW3 0.0000 −0.0832 25.4125 High

TCGA-DD-AA3A 0.0701 −0.0543 25.6446 High

TCGA-RC-A6M5 0.0447 0.1154 25.6784 High

TCGA-G3-A5SJ −0.0116 −0.0542 25.7010 High

TCGA-MI-A75G 0.0036 −0.0371 25.7071 High

TCGA-DD-A4NG −0.0095 −0.1048 25.7547 High

TCGA-CC-A7IJ 0.1029 0.0829 25.8625 High

TCGA-DD-AACH 0.0268 −0.0199 25.8967 High

TCGA-RC-A7SK 0.0106 −0.0008 25.9722 High

TCGA-DD-AACT −0.0413 0.0759 26.3330 High

TCGA-DD-AACB −0.0123 0.0447 26.3387 High

TCGA-XR-A8TF 0.0076 −0.1052 26.4413 High

TCGA-DD-A4NB 0.1096 0.0401 26.4728 High

TCGA-G3-A25S 0.0188 −0.0268 26.6004 High

TCGA-CC-A3MA 0.0736 −0.0305 26.7830 High

TCGA-XR-A8TC −0.0329 −0.1350 27.3507 High

TCGA-DD-AADI 0.0135 0.0601 27.3773 High

TCGA-DD-A3A3 0.0295 −0.0035 27.6860 High

TCGA-ED-A66Y 0.0220 −0.0243 27.7812 High

TCGA-DD-A39X 0.0404 0.0099 27.8564 High

TCGA-DD-AADJ 0.0326 0.0090 27.9148 High

TCGA-FV-A23B −0.0254 −0.0337 28.0196 High

TCGA-BD-A3EP −0.0656 0.2221 28.1053 High

TCGA-DD-AADB −0.0280 −0.0318 28.3524 High

TCGA-G3-A7M9 0.0498 −0.0387 28.4961 High

TCGA-2Y-A9GY −0.0199 0.0363 28.5320 High

TCGA-DD-AAW2 0.0101 −0.0923 28.5450 High

TCGA-BC-A217 0.0067 −0.0381 28.5789 High

TCGA-ED-A66X 0.0024 0.0409 28.6213 High

TCGA-5R-AA1D 0.0704 0.0215 28.7820 High

TCGA-G3-A25U −0.0165 −0.1015 28.8305 High

TCGA-DD-AACL 0.0004 0.0413 29.0358 High

TCGA-ED-A459 −0.0022 −0.0147 29.0371 High

TCGA-CC-A3MB 0.0220 −0.1102 29.0499 High

TCGA-CC-A7IL 0.0024 −0.0545 29.1815 High

TCGA-G3-A5SI 0.0381 −0.2036 29.2852 High

TCGA-G3-A7M5 −0.0115 0.0616 29.4252 High

TCGA-G3-A7M6 0.0284 0.0042 29.4369 High

TCGA-QA-A7B7 0.0004 −0.0986 29.5061 High

TCGA-2Y-A9HA −0.0102 −0.0697 29.5287 High

TCGA-DD-AAVS −0.0215 −0.0525 29.6345 High

TCGA-NI-A8LF −0.0086 −0.0039 29.6568 High

TCGA-CC-A1HT −0.0227 0.0241 29.7124 High

TCGA-DD-AADR 0.0435 −0.1800 29.9311 High

TCGA-DD-AAC8 0.0311 −0.0678 29.9700 High

TCGA-CC-A7IF −0.0006 0.0067 30.1526 High

TCGA-GJ-A6C0 −0.0336 0.0448 30.2994 High

TCGA-DD-AAVV −0.0456 0.0879 30.3323 High

TCGA-DD-AACE −0.0347 −0.0346 30.3382 High

TCGA-DD-AAVP 0.0409 0.0207 30.3759 High

TCGA-CC-A8HV 0.0216 −0.0607 30.3793 High

TCGA-DD-AACU −0.0219 0.0743 30.6044 High

TCGA-DD-AADL 0.0180 −0.0718 30.7073 High

TCGA-BC-A3KF −0.0098 −0.0396 31.0627 High

TCGA-CC-A7II 0.0926 −0.0400 31.2218 High

TCGA-DD-AACA 0.0600 −0.0399 31.4012 High

TCGA-MR-A8JO 0.0213 0.0923 31.4561 High

TCGA-BC-4072 −0.0437 0.0319 31.5583 High

TCGA-CC-A3MC 0.0173 −0.0280 32.3777 High

TCGA-UB-A7MB 0.0129 −0.0670 32.4113 High

TCGA-G3-AAV7 0.0230 −0.0992 32.6433 High

TCGA-DD-AAE0 0.0796 −0.0066 32.7135 High

TCGA-UB-A7MA 0.0362 −0.0105 32.8377 High

TCGA-DD-AAD5 0.0443 −0.0093 32.9321 High

TCGA-DD-AAEE 0.0397 −0.0567 33.2638 High

TCGA-DD-A39Z 0.0522 −0.0187 33.5105 High

TCGA-BC-A10Z −0.0277 −0.0949 33.6723 High

TCGA-DD-AACG 0.0515 −0.0673 34.2712 High

TCGA-G3-AAV1 −0.0139 −0.1208 34.2880 High

TCGA-RC-A7SB 0.0145 −0.0259 34.3350 High

TCGA-CC-A5UE 0.0523 −0.0813 34.6014 High

TCGA-UB-A7MC −0.0306 −0.1417 34.8137 High

TCGA-DD-AADW 0.0384 −0.1257 34.9712 High

TCGA-CC-5264 0.0106 −0.1209 35.0059 High

TCGA-DD-AACI −0.0456 0.0903 35.1311 High

TCGA-KR-A7K7 0.0215 0.0352 35.4139 High

TCGA-EP-A2KB 0.0414 −0.0823 36.5702 High

TCGA-CC-A5UD 0.0727 −0.0328 36.6436 High

TCGA-CC-A5UC 0.0995 −0.1433 36.7329 High

TCGA-WJ-A86L −0.0282 0.0257 36.8622 High

TCGA-BC-A69H 0.0753 0.0196 37.0553 High

TCGA-FV-A4ZP 0.0329 0.0718 37.2668 High

TCGA-DD-AACV 0.0194 −0.0929 37.3916 High

TCGA-RC-A6M6 0.0596 0.0099 37.6020 High

TCGA-BC-A3KG 0.0194 −0.1622 38.3392 High

TCGA-CC-A8HT 0.0207 −0.1002 38.4502 High

TCGA-DD-AADN −0.0023 0.0650 38.7824 High

TCGA-CC-A7IK 0.0199 −0.1122 38.8375 High

TCGA-G3-AAV6 0.0930 −0.0825 39.1850 High

TCGA-DD-A4NQ 0.0000 −0.0768 39.4062 High

TCGA-CC-5263 0.0045 −0.0665 39.6828 High

TCGA-DD-A114 −0.0473 0.1071 40.4127 High

TCGA-RG-A7D4 −0.0317 −0.0430 40.4401 High

TCGA-DD-A1EH 0.0152 −0.1410 40.6905 High

TCGA-DD-A1EL 0.0407 −0.1758 40.7280 High

TCGA-CC-A9FW 0.0321 −0.0341 40.7736 High

TCGA-DD-A39Y 0.0733 −0.0996 40.8844 High

TCGA-DD-A1EJ 0.0436 −0.1342 41.2159 High

TCGA-DD-AACP 0.0821 0.0067 41.5167 High

TCGA-CC-A7IG 0.0508 0.0226 41.7250 High

TCGA-2Y-A9H0 0.0001 −0.0156 41.7732 High

TCGA-ED-A8O5 0.0259 −0.0985 42.1507 High

TCGA-DD-AACX −0.0142 0.0080 42.3864 High

TCGA-CC-A8HU 0.0192 −0.0685 42.9054 High

TCGA-DD-A3A7 0.0189 0.0290 44.4750 High

TCGA-CC-A7IE 0.0288 −0.0998 45.6339 High

TCGA-G3-A25X 0.0773 0.0174 45.7224 High

TCGA-CC-A123 0.0573 −0.0540 46.0509 High

TCGA-DD-AADD 0.0234 −0.0626 47.2176 High

TCGA-ED-A8O6 0.0103 −0.0409 47.3197 High

TCGA-DD-AAE6 0.0207 0.0430 47.3457 High

TCGA-DD-AADC 0.0562 −0.1562 48.4493 High

TCGA-CC-5259 0.0203 −0.0304 48.8348 High

TCGA-DD-AACJ 0.0126 −0.0483 48.9603 High

TCGA-DD-A73D −0.0021 −0.1584 49.1750 High

TCGA-DD-AADO 0.0129 −0.0009 49.4529 High

TCGA-ED-A7PY −0.0025 −0.0846 52.3838 High

TCGA-DD-AAD6 0.0266 −0.1093 54.3818 High

TCGA-ED-A7PZ 0.0397 −0.0262 55.1359 High
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Figure S2 Principal component analysis of the total mRNA expression profile in patients with HCC. (A) ICGC dataset (231), (B) TCGA 
dataset (370). HCC, hepatocellular carcinoma; ICGC, International Cancer Genome Consortium; TCGA, The Cancer Genome Atlas.

Figure S3 Expression of 9 prognostic TRIM genes in different TNM stages. (A,B)  ICGC dataset; (C,D) TCGA dataset. *P<0.05, **P<0.01, 
and ***P<0.001. TRIM, tripartite-motif; ICGC, International Cancer Genome Consortium; TCGA, The Cancer Genome Atlas.
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Figure S4 Prognostic risk scores correlated with sorafenib treatment and TACE treatment. (A) Sorafenib treatment; (B) TACE treatment. 
TACE, transarterial chemotherapy embolization.
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Table S5 Prognostic risk scores correlated with sorafenib treatment

ID riskScore Risk Response

GSM2935384 −360.5127 Low  Non-responder

GSM2935326 −266.9720 Low  Non-responder

GSM2935402 −242.7517 Low  Non-responder

GSM2935416 −226.8208 Low  Non-responder

GSM2935378 −130.6702 Low  Non-responder

GSM2935395 −123.8420 Low  Non-responder

GSM2935362 −123.5592 Low  Non-responder

GSM2935304 −106.2238 Low  Non-responder

GSM2935355 −91.8073 Low  Non-responder

GSM2935397 −87.6133 Low  Non-responder

GSM2935380 −70.9621 Low  Non-responder

GSM2935292 −55.8145 Low  Non-responder

GSM2935350 −50.8004 Low  Non-responder

GSM2935340 −10.8910 Low  Non-responder

GSM2935389 −2.3515 Low  Non-responder

GSM2935414 2.0936 High  Non-responder

GSM2935297 20.2977 High  Non-responder

GSM2935351 23.0205 High  Non-responder

GSM2935323 24.3236 High  Non-responder

GSM2935328 30.6782 High  Non-responder

GSM2935307 36.0293 High  Non-responder

GSM2935353 36.1191 High  Non-responder

GSM2935407 37.9594 High  Non-responder

GSM2935338 42.4778 High  Non-responder

GSM2935370 43.1468 High  Non-responder

GSM2935342 44.0766 High  Non-responder

GSM2935360 44.5883 High  Non-responder

GSM2935356 55.4280 High  Non-responder

GSM2935296 56.8567 High  Non-responder

GSM2935401 58.0768 High  Non-responder

GSM2935403 59.7852 High  Non-responder

GSM2935320 63.6101 High  Non-responder

GSM2935303 65.7638 High  Non-responder

GSM2935386 66.0764 High  Non-responder

GSM2935331 70.3566 High  Non-responder

GSM2935289 85.0381 High  Non-responder

GSM2935330 88.0587 High  Non-responder

GSM2935314 90.7093 High  Non-responder

GSM2935317 92.2376 High  Non-responder

GSM2935365 104.9897 High  Non-responder

GSM2935327 110.6924 High  Non-responder

GSM2935305 120.1545 High  Non-responder

GSM2935301 121.9265 High  Non-responder

GSM2935302 126.8631 High  Non-responder

GSM2935311 136.7348 High  Non-responder

GSM2935329 195.8208 High  Non-responder

GSM2935313 −193.8786 Low  Responder

GSM2935279 −144.9182 Low  Responder

GSM2935394 −106.0342 Low  Responder

GSM2935288 −98.4313 Low  Responder

GSM2935280 −89.0318 Low  Responder

GSM2935406 −81.4792 Low  Responder

GSM2935385 −67.9112 Low  Responder

GSM2935411 −53.9916 Low  Responder

GSM2935281 −22.7166 Low  Responder

GSM2935333 −19.0166 Low  Responder

GSM2935310 −17.8325 Low  Responder

GSM2935413 1.9529 High  Responder

GSM2935415 7.8781 High  Responder

GSM2935282 10.8473 High  Responder

GSM2935361 11.4204 High  Responder

GSM2935285 19.6260 High  Responder

GSM2935396 32.1272 High  Responder

GSM2935392 53.3647 High  Responder

GSM2935409 62.7018 High  Responder

GSM2935300 88.6393 High  Responder

GSM2935405 115.5827 High  Responder
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Table S6 Prognostic risk scores correlated with Sorafenib treatment and TACE treatment

id riskScore risk responder

GSM2803756 -2.0163 low  non-responder

GSM2803739 -1.1911 low  non-responder

GSM2803800 -0.9370 low  non-responder

GSM2803752 -0.8942 low  non-responder

GSM2803747 -0.7745 low  non-responder

GSM2803792 -0.3672 low  non-responder

GSM2803738 -0.3559 low  non-responder

GSM2803786 -0.3010 low  non-responder

GSM2803765 -0.2988 low  non-responder

GSM2803788 -0.2933 low  non-responder

GSM2803742 -0.2682 low  non-responder

GSM2803768 -0.2405 low  non-responder

GSM2803780 -0.2104 low  non-responder

GSM2803784 -0.1980 low  non-responder

GSM2803791 -0.1464 low  non-responder

GSM2803759 -0.1228 low  non-responder

GSM2803736 -0.1119 low  non-responder

GSM2803745 -0.0562 low  non-responder

GSM2803776 -0.0407 low  non-responder

GSM2803771 -0.0290 low  non-responder

GSM2803777 0.0099 low  non-responder

GSM2803764 0.0515 low  non-responder

GSM2803772 0.0981 low  non-responder

GSM2803744 0.1543 low  non-responder

GSM2803783 0.1767 low  non-responder

GSM2803775 0.1945 low  non-responder

GSM2803794 0.3324 low  non-responder

GSM2803767 0.3550 low  non-responder

GSM2803751 0.3713 low  non-responder

GSM2803797 0.3890 low  non-responder

GSM2803793 0.4574 low  non-responder

GSM2803770 0.4944 low  non-responder

GSM2803760 0.5732 high  non-responder

GSM2803748 0.6140 high  non-responder

GSM2803779 0.6665 high  non-responder

GSM2803750 0.6906 high  non-responder

GSM2803740 0.7522 high  non-responder

GSM2803749 0.7751 high  non-responder

GSM2803746 0.7779 high  non-responder

GSM2803782 0.8685 high  non-responder

GSM2803773 0.8790 high  non-responder

GSM2803741 0.9386 high  non-responder

GSM2803753 0.9496 high  non-responder

GSM2803766 0.9600 high  non-responder

GSM2803755 0.9653 high  non-responder

GSM2803801 0.9665 high  non-responder

GSM2803761 1.0067 high  non-responder

GSM2803799 1.0301 high  non-responder

GSM2803798 1.1131 high  non-responder

GSM2803737 1.1334 high  non-responder

GSM2803778 1.1620 high  non-responder

GSM2803754 1.3480 high  non-responder

GSM2803758 1.3742 high  non-responder

GSM2803795 1.5149 high  non-responder

GSM2803790 1.5834 high  non-responder

GSM2803762 1.6215 high  non-responder

GSM2803785 1.6765 high  non-responder

GSM2803757 1.7183 high  non-responder

GSM2803796 1.7663 high  non-responder

GSM2803774 1.7796 high  non-responder

GSM2803743 1.8133 high  non-responder

GSM2803763 1.8644 high  non-responder

GSM2803769 2.0558 high  non-responder

GSM2803781 2.1016 high  non-responder

GSM2803789 2.1436 high  non-responder

GSM2803787 2.4178 high  non-responder

GSM2803709 -7.2321 low responder

GSM2803734 -4.7626 low responder

GSM2803655 -1.8194 low responder

GSM2803695 -1.7293 low responder

GSM2803679 -1.4777 low responder

GSM2803715 -1.3736 low responder

GSM2803682 -1.1624 low responder

GSM2803704 -1.0597 low responder

GSM2803674 -1.0376 low responder

GSM2803721 -0.9981 low responder

GSM2803670 -0.9307 low responder

GSM2803671 -0.8857 low responder

GSM2803723 -0.8292 low responder

GSM2803705 -0.7900 low responder

GSM2803689 -0.7610 low responder

GSM2803688 -0.7389 low responder

GSM2803664 -0.6850 low responder

GSM2803728 -0.6304 low responder

GSM2803696 -0.6146 low responder

GSM2803673 -0.5658 low responder

GSM2803724 -0.5632 low responder

GSM2803719 -0.5481 low responder

GSM2803720 -0.5407 low responder

GSM2803702 -0.5404 low responder

GSM2803676 -0.5136 low responder

GSM2803732 -0.5046 low responder

GSM2803685 -0.4953 low responder

GSM2803686 -0.4770 low responder

GSM2803662 -0.4727 low responder

GSM2803735 -0.4581 low responder

GSM2803693 -0.4477 low responder

GSM2803717 -0.4018 low responder

GSM2803678 -0.3976 low responder

GSM2803700 -0.3152 low responder

GSM2803697 -0.2857 low responder

GSM2803680 -0.2494 low responder

GSM2803716 -0.2079 low responder

GSM2803672 -0.1175 low responder

GSM2803690 -0.1055 low responder

GSM2803657 -0.0843 low responder

GSM2803667 -0.0118 low responder

GSM2803718 -0.0029 low responder

GSM2803698 -0.0011 low responder

GSM2803733 0.0595 low responder

GSM2803687 0.0664 low responder

GSM2803681 0.0781 low responder

GSM2803684 0.1246 low responder

GSM2803710 0.1591 low responder

GSM2803669 0.1761 low responder

GSM2803729 0.2021 low responder

GSM2803722 0.2509 low responder

GSM2803701 0.3419 low responder

GSM2803677 0.3516 low responder

GSM2803711 0.3664 low responder

GSM2803694 0.3712 low responder

GSM2803691 0.3879 low responder

GSM2803675 0.4749 low responder

GSM2803713 0.5477 low responder

GSM2803666 0.5613 low responder

GSM2803714 0.5724 high responder

GSM2803663 0.5818 high responder

GSM2803661 0.5962 high responder

GSM2803656 0.6022 high responder

GSM2803692 0.6147 high responder

GSM2803727 0.8035 high responder

GSM2803726 0.8210 high responder

GSM2803668 0.9388 high responder

GSM2803707 1.0595 high responder

GSM2803660 1.0819 high responder

GSM2803659 1.0863 high responder

GSM2803708 1.1031 high responder

GSM2803658 1.1051 high responder

GSM2803683 1.1233 high responder

GSM2803725 1.1621 high responder

GSM2803712 1.2094 high responder

GSM2803731 1.3620 high responder

GSM2803706 1.5474 high responder

GSM2803730 1.5793 high responder

GSM2803665 1.6264 high responder

GSM2803699 1.9248 high responder

GSM2803703 2.2595 high responder
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Figure S5 Landscape of mutation information of high- and low-risk HCC sample in waterfall plot. (A) Low-risk; (B) high-risk. HCC, 
hepatocellular carcinoma.
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Figure S6 Relationship of the 9 TRIM genes with infiltration levels of 6 immune cell types. (A) MID1, (B) TRIM5, (C) TRIM22, (D) 
TRIM28, (E) TRIM31, (F) TRIM37. TRIM, tripartite-motif.

A

B

C

D

E

F

© Journal of Gastrointestinal Oncology. All rights reserved.  https://dx.doi.org/10.21037/jgo-22-619



Figure S7 Relationship of the 9 TRIM genes with infiltration levels of 6 immune cell types. (A) TRIM38, (B) TRIM47, and (C) TRIM74. TRIM, tripartite-motif.
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