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Introduction: Tripartite motif-containing protein (TRIM) family members play crucial roles in carcinogenesis and chemotherapy 
resistance. In this study, we aimed to determine whether TRIM58 protein expression is related to patient responses to neoadjuvant 
therapy (NAT) and their survival outcome.
Methods: Immunohistochemistry was performed on female breast cancer samples from biopsies before NAT in Shenzhen Second 
People’s Hospital. Univariate and multivariate logistic regression tests were used to analyze the association between TRIM58 protein 
expression and pathological complete response (pCR). The Cox proportional hazards model was used to calculate the adjusted hazard 
ratio (HR) with a 95% confidence interval (95% CI). The Kaplan–Meier plotter database was used to analyze the prognostic value of 
TRIM58.
Results: High TRIM58 expression was associated with small tumor size in all the patients (n = 58). Multivariate analysis suggested 
that low TRIM58 expression was an independent predictive factor for higher pCR (odds ratio = 0.06, 95% CI 0.005–0.741, P = 0.028). 
The Kaplan–Meier Plotter dataset suggested that the TRIM58 high-expression group showed a worse 5-year overall survival than the 
low-expression group (HR = 1.34, 95% CI 1.07–1.67, P = 0.01). Pathway analysis revealed the potential mechanisms of TRIM58 in 
chemoresistance.
Discussion: Our study suggests that TRIM58 is a promising biomarker for both neoadjuvant chemosensitivity and long-term clinical 
outcomes in breast cancer. It may also help to identify candidate responders and determine treatment strategies.
Keywords: chemosensitivity, pathological complete response, biomarker, patient stratification, predictive diagnostics

Introduction
Breast cancer is the most common malignancy in women worldwide. Its incidence is increasing annually, and it has the 
highest mortality rate among women with malignant tumors.1 Its high clinical heterogeneity is partially explained by its 
biological heterogeneity, even within well-characterized subtypes.2 Although clinical classification according to hormone 
receptor (HR) and human epidermal growth factor receptor 2 (HER2) status is the current basis for defining therapeutic 
strategies, the complexity of breast cancer treatment in both early and advanced disease is further increased by the lack of 
reliable predictive and prognostic biomarkers. In fact, most new drugs introduced in recent years have been administered 
according to clinical criteria, and the identification of efficacy markers is a difficult challenge. Neoadjuvant therapy 
(NAT) is the standard treatment for locally advanced breast cancer to downstage tumors, facilitating surgical treatment or 
breast-conserving surgery. Pathological complete response (pCR) is the state in which no tumor cells remain, or only 
ductal carcinoma in situ remains in the surgical specimen after preoperative treatment. Several large-scale clinical trials 

Breast Cancer: Targets and Therapy 2022:14 475–487                                                       475
© 2022 Zheng et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Breast Cancer: Targets and Therapy                                                     Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 23 August 2022
Accepted: 30 November 2022
Published: 21 December 2022

B
re

as
t C

an
ce

r:
 T

ar
ge

ts
 a

nd
 T

he
ra

py
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0002-7167-9343
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


have confirmed that patients who achieved pCR following NAT presented with a much better prognosis than patients 
without pCR.3–5 However, not all patients achieve pCR after NAT, and its efficacy is often affected by an individual’s 
sensitivity to the drug and endogenous resistance. The NeoSphere study demonstrated that for HER2-positive breast 
cancer, the combination of chemotherapy with trastuzumab and pertuzumab resulted in a higher pCR rate of 45.8% when 
compared to that with chemotherapy with trastuzumab alone.6 This indicates that half of the patients failed to achieve 
pCR. Patients with other molecular subtypes of breast cancer have disappointing therapeutic outcomes.7 Molecular 
typing is also associated with NACT efficacy in breast cancer. However, in an era of individualized treatment, these alone 
are far from enough. Therefore, in the context of Predictive Preventive Personalised Medicine,8 it is necessary to 
distinguish between patients who would benefit from NAT and those who would not, suggesting the need to explore more 
effective biomarkers and disease monitoring tools to estimate individual chemosensitivity and long-term survival 
outcomes.9,10

Almost all oncoproteins and tumor suppressors are regulated by post-translational modifications, including the 
ubiquitin-proteasome system.11 Therefore, the identification and targeting of E3 ligases involved in the regulation of 
oncoproteins and tumor suppressor proteins is a current focus of cancer research.11–14 Tripartite motif-containing (TRIM) 
proteins, characterized by RING-finger domains or B-boxed and associated coiled-coil regions, possess E3 ubiquitin 
ligase activity in diverse processes and diseases, including cancers.11,15,16 Aberrant gene methylation of TRIM58, 
a member of the TRIM protein family, is involved in carcinogenesis.17 Previous studies reported that TRIM58 served 
as tumor suppressor and conferred better survival in gastric cancer, thyroid cancer, colorectal cancer and renal cell 
carcinoma.18–21 Our previous study identified that TRIM58 was highly expressed in drug-resistant breast-cancer cell 
strains and inactivated p53/p21 to promote chemoresistance by ubiquitination of DEAD-Box Helicase 3 X-Linked 
(DDX3) in breast cancer.22 However, it remains unclear whether TRIM58 expression levels influence the individual 
clinical benefits of NAT. We aimed to investigate the predictive and prognostic value of TRIM58 in neoadjuvant settings 
for breast cancer. We propose that TRIM58 overexpression may be involved in the reduction of chemosensitivity in 
breast cancer, leading to poor survival. Underlying mechanisms were also explored by pathway analysis.

Materials and Methods
Patients
A total of 58 female patients with primary breast cancer were enrolled in the study. The inclusion criteria were as 
follows: I. Patients with NAT indications who underwent NAT at the Shenzhen Second People’s Hospital between 
January 2018 and December 2020. II. No previous treatment before NAT. III. They were 18–80 years of age and had only 
one primary tumor. The exclusion criterion was the lack of a pathological tissue section. The therapeutic regimen 
decisions were based on the Chinese Anti-Cancer Association guidelines for the diagnosis and treatment of breast cancer. 
Taxanes (paclitaxel or docetaxel) and anthracycline (combined or sequential) were prescribed for 4–8 cycles as the NAT 
regimen for all patients. HER2+ patients were treated with trastuzumab concomitantly, at a loading dose of 4 mg/kg (or 
8 mg/kg every 3 weeks), followed by a maintenance dose of 2 mg/kg (or 6 mg/kg every 3 weeks) on day 1, weekly (or 
every 3 weeks). Patients underwent surgery sequentially after receiving NAT. The outcomes of patients were retro
spectively analyzed. All procedures performed in this study involving human participants were in accordance with the 
ethical standards of the institutional and/or national research committee and with the Helsinki declaration.

Pathology and Immunohistochemistry
Data on age, menstrual status, tumor size, lymph node (LN) metastases, estrogen receptor (ER), progesterone receptor 
(PR), HER2, Ki-67, and histological grade were obtained from the hospital information system. All tissues were 
histologically diagnosed with invasive breast cancer by the pathology department of Shenzhen Second People’s 
Hospital. Paraffin wax containing the patient’s tissue specimen was cut into slices and subjected to hematoxylin and 
eosin (H&E) staining. Immunohistochemical (IHC) staining was used to assess ER, PR, HER2, Ki-67, and TRIM58 
expression. The tissue slides were examined by two pathologists from the First Affiliated Hospital of Shenzhen 
University.
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ER, PR, Ki-67, HER2, and TRIM58 analyses were performed on paraffin-embedded tumor samples from biopsies. ER, 
PR, HER2, and Ki-67 were detected using rabbit monoclonal antibodies (MXB Biotechnologies, Fuzhou, CHN). TRIM58 
was detected using a rabbit anti-TRIM58 polyclonal antibody (ab254768; Abcam, Cambridge, UK; 1:200). Tumors were 
considered ER- or PR-positive when ≥ 1% of tumor nuclei were positive for these hormone receptors, according to the 
American Society of Clinical Oncology/College of American Pathologists (ASCO/CAP) guidelines.23 HER2 assessments 
were conducted according to ASCO/CAP recommendations (2013).24 Ki-67 levels were recorded as continuous values. 
A sample was defined as having a high proliferation index if its Ki-67 index was ≥ 30%. TRIM58 evaluation was conducted 
according to the following criteria; the percentage of positively stained cancer cells was graded on a four-point scale:25 0 (< 
5% positive cells), 1 (6–25% positive cells), 2 (25–50% positive cells), 3 (50–75% positive cells), or 4 (> 75% positive cells); 
and staining intensity of breast cancer cells was subjectively assessed according to a four-point scoring system: 1 (−), 2 (+), 3 
(++), or 4 (+++). The final TRIM58 results were scored by multiplying the staining intensity by the percentage of positively 
stained tumor cells, dividing TRIM58 expression into low (≤ 6) and high (> 6) staining. The pathological complete response 
(pCR) was defined as the absence of invasive breast cancer cells in breast and nodes (ypT0/Tis ypN0).

Pathway Analysis
TRIM58 expression profiles, including all available 1075 primary breast cancers measured by read counts, were down
loaded from The Cancer Genome Atlas (TCGA) database. Quantile normalization and 10-based log transformations were 
performed on the raw read counts of expression data. Differentially expressed genes (DEGs) were calculated between the 
low- and high-TRIM58 groups using a two-tailed Student’s t-test. Gene expression of specific genes was determined to be 
significantly altered if the absolute log fold change (|logFC|) was > 1 and the Benjamini–Hochberg false discovery rate– 
corrected P-value was < 0.05. Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway and Gene Ontology (GO) 
category enrichment analyses were performed on the top 2000 DEGs using g:Profiler (https://biit.cs.ut.ee/gprofiler/). 
Protein‒protein interaction (PPI) networks were constructed using STRING database (https://string-db.org/).

Statistical Analysis
The correlations between TRIM58 expression and other clinicopathological characteristics were tested using the chi- 
squared or Fisher’s exact tests. The TRIM58 expression value as a continuous variable was further compared between 
subgroups using the Mann–Whitney U-test.

The endpoint of this study was pCR, defined as the absence of invasive cancer in the breast and no residual cancer cells in 
LN samples obtained at the time of surgery. Univariate and multivariate logistic regression tests were used to analyze the 
associations between different TRIM58 expression levels and pCR outcomes using calculated hazard ratio (HR).

Receiver operating characteristic (ROC) curves were generated to identify whether TRIM58 expression combined 
with important clinicopathological characteristics or American Joint Committee on Cancer (AJCC) stages (8th edition) 
could better predict patients’ responses to therapy. The areas under the curve (AUCs) were compared using a z-test.

The Kaplan–Meier Plotter website (http://kmplot.com/analysis/) was used to analyze the prognostic value of TRIM58 
expression in overall survival (OS). Furthermore, the patients were stratified according to the hormone receptor (HorR) 
(positive versus negative), HER2 (positive versus negative), and pathological status. The survival curve was derived using the 
Kaplan–Meier method, and the Log rank test was used to compare survival rates. All statistical analyses were performed using 
GraphPad 8.0 (GraphPad Software LLC, California, USA) or R language version 3.5.1 (www.r-project.org). Statistical 
significance was set at P < 0.05.

Results
Baseline Characteristics
Fifty-eight patients were enrolled in this study, 25 (43.1%) were classified into the high TRIM58 expression group and 33 
(58%) into the low TRIM58 expression group. Associations between baseline clinicopathological characteristics and 
TRIM58 expression were investigated as categorical variables. The results showed no significant associations, except for 
a marginal significance between high TRIM58 expression and smaller tumor size (P = 0.059; Table 1). To further 
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determine the association between TRIM58 expression and other clinicopathological features, TRIM58 expression 
values, as a continuous variable, were compared between different subgroups. Higher TRIM58 expression was associated 
with smaller tumor size (P = 0.02; Figure 1A). Additionally, luminal A-like and triple-negative patients exhibited higher 
TRIM58 expression with marginal significance, compared with that of luminal B-like patients (P = 0.02; Figure 1B). 
However, no significant differences in ER status (Figure 1C), PR status (Figure 1D), Ki-67 index (Figure 1E), or LN 
status (Figure 1F) were observed between the groups.

The median age of the patients in this study was 45.5 years-old (range 26–73 years). Moreover, 56.9% of the patients 
were premenopausal, 34.5% exhibited tumor sizes < 3 cm, 62.1% had PR+ tumors, 34.5% had ER+ tumors, 84.5% had 
HER2+ tumors, and 77.6% exhibited tumors with Ki-67 > 30%. Histological grade III tumors were present in 44.8% of 
patients. Fine-needle aspiration revealed that 75.9% of the patients were positive for cancer in their LNs before 
chemotherapy (Figure 2).

Table 1 Associations Between TRIM58 Expression Level and Baseline 
Clinicopathological Characteristics in Breast Cancer

Characteristics TRIM58 Low (n=33) TRIM58 High (n=25) P value

Age (years) 0.562

≤ 50 20 (60.6%) 17 (68.0%)

> 50 13 (39.4%) 8 (32.0%)
Menopausal status 0.342

Premenopausal 17 (51.5%) 16 (64.0%)

Postmenopausal 16 (48.5%) 9 (36.0%)
Tumor size (cm) 0.059

< 3 8 (24.2%) 12 (48.0%)
≥ 3 25 (75.8%) 13 (52.0%)

Lymph node 0.983

Negative 8 (24.2%) 6 (24.0%)
Positive 25 (75.8%) 19 (76.0%)

Grade 0.339

G2 20 (60.6%) 12 (48.0%)
G3 13 (39.4%) 13 (52.0%)

ER 0.144

Negative 14 (42.4%) 6 (24.0%)
Positive 19 (57.6%) 19 (76.0%)

PR 0.792

Negative 13 (39.4%) 9 (36.0%)
Positive 20 (60.6%) 16 (64.0%)

HER2 0.479

Negative 4 (12.1%) 5 (20.0%)
Positive 29 (87.9%) 20 (80.0%)

Ki67 index 0.701

≤ 30 8 (24.2%) 5 (20.0%)
> 30 25 (75.8%) 20 (80.0%)

Molecular subtype 0.226

Luminal-A like 0 (0.0%) 2 (8.0%)
Luminal-B like 23 (69.7%) 17 (68.0%)

HER2 positive 8 (24.2%) 3 (12.0%)

Triple-negative 2 (6.1%) 3 (12.0%)

Notes: The P values are calculated using the chi-squared test or Fisher’s exact test. 
Abbreviations: ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth 
factor receptor 2.
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TRIM58 Expression and pCR
Representative tissue staining for TRIM58 is shown in Figure 3. Patients with high TRIM58 expression achieved a lower 
pCR rate (20.0%) than patients with low TRIM58 expression [48.5%; Odds ratio (OR) = 0.266, 95% confidence interval 
(CI) 0.08–0.877; P = 0.03; Table 2, Figure 2]. Multivariate logistic regression analysis suggested that TRIM58 expression 
was an independent predictive factor for pCR (OR = 0.061, 95% CI 0.005–0.741; P = 0.028; Table 2). LN status was also 
an independent predictive factor for pCR (OR = 0.013, 95% CI 0.001–0.206; P = 0.002; Table 2). No significant 
association was observed between pCR and any of the other potential factors, included age, menopausal status, tumor 
size, ER status, PR status, HER2 status, Ki67 index, and histological grade.

Furthermore, the accuracy of different models to evaluate the predictive value of TRIM58 for pCR was compared 
using ROC curves. The largest AUC value was 0.885 when TRIM58 expression was combined with clinicopathological 
variables. The AUC values of the considered clinicopathological variables, TRIM58 expression combined with AJCC 
stage, and AJCC stage alone were 0.844, 0.778, and 0.719, respectively (P = 0.0308; Figure 4).

TRIM58 Expression and Survival
Kaplan–Meier method estimates of survival according to TRIM58 expression levels using RNA-seq data from the 
Kaplan–Meier Plotter database for all available breast cancer patients were performed to ensure sufficient follow-up time 

Figure 1 Associations between TRIM58 expression and clinicopathological characteristics of all patients. Associations between TRIM58 expression and tumor size (A), 
molecular subtype (B), ER status (C), PR status (D), Ki67 index (E), and LN status (F). The P values are calculated using the Mann–Whitney U-test. 
Abbreviations: ER, estrogen receptor; LN, lymph node; ns, not significant; PR, progesterone receptor.
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to perform survival analysis.26 The TRIM58 overexpression group showed significantly worse 5-year OS compared with 
the low-expression group (n = 2976; log-rank P = 0.01; HR = 1.34; 95% CI 1.07–1.67; Figure 5A). Additionally, in the 
groups of HorR+, HER2+, or HER2− patients, the TRIM58 high-expression group always exhibited worse 5-year OS 
compared to the TRIM58 low-expression groups (HorR+, n = 2575; log-rank P = 0.035; HR = 1.33; 95% CI 1.02–1.72; 
Figure 5B; HER2+, n = 379; log-rank P = 0.021; HR = 2.06; 95% CI 1.1–3.87; Figure 5D; HER2−, n = 2496; log-rank 
P = 0.046; HR = 1.28; 95% CI 1.0–1.64; Figure 5E). However, in HorR− patients there were no significant differences 
observed in OS between the two groups (n = 185; log-rank P = 0.12; HR = 1.79; 95% CI 0.84–3.78; Figure 5C).

GO, KEGG, and PPI Network Analyses
The potential mechanism of action of TRIM58 in breast cancer by downloading RNA-seq data from TCGA and 
analyzing the DEGs between the TRIM58 high and low expression groups using GO and KEGG enrichment 
analyses.27,28 The enriched GO terms included cellular component (CC), molecular function (MF), and biological 

Figure 2 Clinicopathological features of pathological complete response (pCR; n = 21) and no-pCR (n = 37) patients. (A) Two-category data (TRIM58 expression high 
versus low, age ≥50 versus <50 years, tumor size ≥ 3 versus < 3, LN status positive versus negative, ER positive versus negative, PR positive versus negative, HER2 positive 
versus negative, and Ki67 index ≥30% versus <30%) are shown with values 1 and 0, respectively. 
Abbreviations: ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; LN, lymph node; PR, progesterone receptor.

Figure 3 Different TRIM58 immunochemistry staining. (A). Weak TRIM58 expression with a staining score of 1 (≤ 6). (B). Weak TRIM58 expression with a staining score of 
6 (≤ 6). (C). Strong TRIM58 expression with a staining score of 8 (> 6). (D). Strong TRIM58 expression with a staining score of 12 (> 6).
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process (BP) (Figure 6A), which involved a large number of oxidoreductase, hydrolase, and peptidase activities. We 
identified the top KEGG pathways, among which drug metabolism (related to cytochrome P450) highlighted its potential 
effects on chemotherapy resistance (Figure 6B). To further explore the potential role of TRIM58, PPIs related to TRIM58 
were also identified using STRING (Figure 6C).29

Discussion
This study aimed to identify TRIM58 expression as an independent negative predictor of pCR in patients with breast cancer. In 
addition, the association between TRIM58 expression and baseline tumor features was analyzed. Moreover, the prognostic 
value of TRIM58 for OS was revealed in HorR+, HorR−, HER2+, HER2−, and all patients with breast cancer. As far as we 
know, this is the first study to identify TRIM58 as a predictive biomarker of the efficacy of neoadjuvant chemotherapy for 
breast cancer. Additionally, we first demonstrated the associations between high TRIM58 expression and smaller tumor size. 
Moreover, we revealed, for the first time, the prognostic value of TRIM58 for long-term outcomes in breast cancer.

It was observed that TRIM58 expression was negatively related with tumor size. And it seemed plausible that TRIM58 
expression appeared to be associated with tumor malignancy. A commonly accepted theory states that as a tumor grows, the 
cells within the tumor will acquire the capability to spread to, survive and proliferate within the regional LNs and other distant 
sites.30,31 Meanwhile, within any LN grouping, the growth of tumor size worsens the prognosis.32 However. Biologic 

Table 2 Univariate and Multivariate Analyses for the Predictive Factors of Pathological Complete Response

Variables Comparison for OR Univariate Analysis (n=58) Multivariate Analysis (n=58)

OR 95% CI P value OR 95% CI P value

TRIM58 High versus low expression 0.266 0.080 0.877 0.030 0.061 0.005 0.741 0.028
Age >50 versus ≤50 1.562 0.518 4.717 0.429 5.398 0.126 230.414 0.379
Menopausal Postmenopausal versus Premenopausal 1.333 0.453 3.922 0.601 0.356 0.011 11.579 0.561

Tumor size ≥ 3cm versus < 3cm 1.083 0.350 3.356 0.890 0.824 0.136 5.001 0.834

Lymph node Positive versus negative 0.043 0.008 0.227 <0.001 0.013 0.001 0.206 0.002
ER status Positive versus negative 0.292 0.094 0.913 0.034 1.368 0.173 10.838 0.767

PR status Positive versus negative 0.198 0.062 0.629 0.006 0.415 0.060 2.870 0.372

HER2 status Positive versus negative 1.161 0.258 5.219 0.845 2.524 0.193 33.029 0.480
Ki-67 index ≥30% versus <30% 0.883 0.247 3.153 0.848 2.725 0.180 41.243 0.470

Histological grade 3 versus 2 1.613 0.548 4.746 0.385 1.049 0.134 8.212 0.964

Figure 4 Receiver operating characteristic curves of different predictive models for pathological complete response. (A) The blue line exhibits model 1 (AUC 0.885, 
incorporating TRIM58 expression, age, menopausal status, T stage, N stage, ER status, PR status, HER2 status, Ki67 index and histological grade). The green line shows 
model 2 (AUC 0.844, including all the factors in model 1 except TRIM58 expression). The red line represents model 3 (AUC 0.778, integrating TRIM58 expression and 
AJCC stage). The pink line is presented with model 4 (AUC 0.719, AJCC stage alone). The AUC values are compared using the z-test. 
Abbreviations: AJCC, American Joint Committee on Cancer; AUC, area under the curve; ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; 
N stage, nodal stage; PR, progesterone receptor; T stage, tumor stage.

Breast Cancer: Targets and Therapy 2022:14                                                                                   https://doi.org/10.2147/BCTT.S387209                                                                                                                                                                                                                       

DovePress                                                                                                                         
481

Dovepress                                                                                                                                                           Zheng et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


characteristics might actually be more aggressive in cases of small tumors with LN metastases. There is evidence, including 
from our previous study, that a very small tumor size is indicative of a biologically aggressive disease in patients with 
extensive LN involvement.33,34 In contrast, tumors that fail to metastasize to regional LNs, even at a late stage (eg, T3N0 
tumors), may reflect a more biologically indolent phenotype.35 Therefore, tumor size does not directly indicate the degree of 
tumor malignancy, and the severity of small-sized breast cancer needs to be reconsidered. It is therefore explainable that high 
expression of TRIM58, while indicating lower pCR rate and worse prognosis, is also associated with smaller tumors.

Figure 5 Kaplan–Meier survival curves according to TRIM58 expression in Kaplan-Meier Plotter datasets. Kaplan–Meier estimates of overall survival (OS) for all patients 
(A), HorR+ subgroup (B), HorR- subgroup (C), HER2+ subgroup (D) and HER2- subgroup (E). The P values are calculated using the Log rank test. Hazard ratios are derived 
from the Cox proportional hazards regression model. 
Abbreviations: HorR, hormone receptor; HER2, human epidermal growth factor receptor 2.
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In parallel, our clinical data revealed for the first time that TRIM58 is an independent predictive factor for pCR, with its high 
expression contributing to a significantly lower pCR rate. So far, few clinical studies have focused on the prediction value of 
TRIM58 for neoadjuvant chemotherapy in breast cancer. However, several basic studies concerning TRIM58 and other proteins 
of the TRIM family theoretically support our findings. Previous studies have shown that TRIM family proteins are closely related 

Figure 6 Gene ontology categories, Kyoto Encyclopedia of Genes and Genomes pathways, and protein–protein interaction network associated with TRIM58. Gene 
ontology categories (A); Kyoto Encyclopedia of Genes and Genomes pathways (B); and protein–protein interaction network (C) associated with TRIM58. 
Abbreviation: FDR, false discovery rate.
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to the degradation of tumor suppressor proteins, leading to chemoresistance.11 High TRIM protein expression mediates the 
ubiquitination of downstream substrates, leading to changes in signaling pathways, and eventually chemoresistance.36 For 
example, TRIM47 is significantly upregulated in breast cancer tissues and forms ternary complexes with protein kinases C-ε 
and D3, leading to breast cancer cell proliferation and endocrine drug resistance.37 In non-TNBCs, TRIM27 enhanced cancer cell 
drug resistance through p21 ubiquitination.38 TRIM3 promotes cancer cell resistance to tamoxifen in ER+ breast cancer via the 
TRIM3/UBC9/ESR1 axis.39 Most importantly, TRIM58 was found to inactivate p53/p21, promoting chemoresistance by the 
ubiquitination of DDX3 in breast cancer.22 Consistent with the above studies, TRIM58 was shown to be associated with the 
regulation of a large number of enzyme activities in GO analysis, such as endopeptidase, peptidase and hydrolase. On the other 
hand, KEGG pathway analyses suggested that drug metabolism (related to cytochrome P450) may have potential effects on 
chemotherapy resistance. The cytochrome P450 enzyme (CYP) is a crucial metabolic oxidase, and is essential for the activation or 
inactivation of anticancer drugs, including cyclophosphamide, paclitaxel, doxorubicin, docetaxel, cisplatin and 5-fluorouracil.40 

The genetic polymorphisms of CYP enzymes in breast tumors have an effect on the drug treatment outcomes of patients with 
breast cancer. To be specific, the CYP1B1 4326G allele is associated with a decreased response rate, reduced progression-free 
survival and shorter overall survival in patients with breast cancer treated with taxanes.41 CYP2B6 serves a pivotal role in the 
efficacy of doxorubicin and cyclophosphamide.42 Thus, the potential pathway between TRIM58 and the the cytochrome P450 
enzyme might be crucial in the development of resistance to chemotherapeutic drugs, leading to the unsatisfactory therapeutic 
effect in some patients with breast cancer. Since cytochrome P450 plays a pivotal role in the generation of drug resistance and the 
susceptibility of tumors,43 it is plausible that future studies investigating cytochrome P450 may shed light on the main mechanism 
of TRIM58 leading to drug resistance in breast cancer cells. GO analysis showed that many oxidoreductase, hydrolase, and 
peptidase activities were associated with TRIM58, which also suggested that TRIM58 may regulate drug resistance in tumor cells 
by drug metabolism mechanisms. This suggests the potential of TRIM58 as a therapeutic target and a prognostic marker in breast 
cancer. Additionally, the PPI network may offer potential associations between proteins related to TRIM58 and chemosensitivity, 
which requires further validation. For example, UBE2H, which was shown to have close interaction with TRIM58 in PPI network 
analysis, was reported to be related with drug resistance and poor prognosis in cancer.44,45 And OR2W3, another TRIM58 
interacted protein, was reported to be potentially correlated to breast cancer progression.46 TRIM58 is likely to affect tumor 
sensitivity to treatment through the above interacting proteins; or TRIM58, as the downstream effector molecule of the above 
gene, could realize the regulation of therapeutic response. Future in-depth study into the interaction between TRIM58 and the 
above genes is likely to find the underlying mechanism that TRIM58 indicates poor chemotherapy response.

Although our neoadjuvant trials have an insufficient follow-up period to perform survival analysis, the results from 
the Kaplan–Meier Plotter database analyses indicated a significantly worse OS with increased TRIM58 expression, which 
may be clinically significant. These findings are supported by those of Han and Xu et al, where TRIM58 expression was 
associated with prognosis of lung cancer patients.47,48 Although TRIM58 may indicate a better prognosis in other tumors 
than in breast cancer, it still indicates that TRIM58 affects the biological behavior of cancer cells in various tumors by 
different mechanisms. TRIM58 remained significant in predicting OS in the subgroup analysis, namely HorR+ subgroup, 
HER2+ subgroup and HER2- subgroup, except for the HorR− subgroup. Even so, HorR- subgroup still showed a trend of 
higher expression of TRIM58 indicating worse OS, which is very likely to be consistent with the expected results if the 
sample size is sufficient. In the HER2+ subgroup, the HR of different TRIM58 expression groups was as high as 2.06, 
much higher than the other subgroups, suggesting that TRIM58 is a stronger prognostic indicator in HER2-positive breast 
cancer. Therefore, TRIM58 serves as a prognostic marker and a promising target molecule in breast cancer, especially in 
HER2+ breast cancer.

There are several limitations of our study. First, owing to the short starting time, the sample size was small, resulting 
in the failure to perform subgroup analyses. Moreover, due to the short follow-up time, we were not able to conduct long- 
term survival analysis in our study cohort, which is pending future follow-up and analyses. As a supplement, we analyzed 
the online Kaplan‒Meier Plotter database with a larger sample size and a longer follow-up time.

Conclusion
In conclusion, our study revealed that TRIM58 is not only a novel biomarker for predicting pCR in patients receiving 
NAT, but it is also a prognostic indicator for breast cancer, especially in HER2+ breast cancer. Increased TRIM58 
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expression is associated with smaller tumor size. Potential pathways of chemoresistance shared between TRIM58 and 
cytochrome P450, UBE2H and OR2W3 were identified. These results may help further identify candidate responders and 
guide treatment strategies. The mechanisms of TRIM58 in chemoresistance need to be elucidated in future studies.
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