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ERCC1 is a potential biomarker
for predicting prognosis,
immunotherapy, chemotherapy
efficacy, and expression
validation in HER2 over-
expressing breast cancer

Yilun Li, Xiaomei Liao and Li Ma*

Fourth Hospital of Hebei Medical University, Shijiazhuang, China
Objective: To investigate the relationship between Excision repair cross-

complementation 1 (ERCC1) expression, clinicopathological features, and

breast cancer prognosis in patients treated with trastuzumab. Further, we

aim to explore the immune status of ERCC1 in breast cancer.

Methods: The data were retrieved from publicly available databases like the

Cancer Genome Atlas, Therapeutically Applicable Research to Generate

Effective Treatments, and the Genotype-Tissue Expression. The data was

used to perform differential expression analyses between tumor and normal

tissues in pan-cancers, immune-related analysis, homologous recombination

deficiency (HRD), tumor mutation burden, and microsatellite instability. A total

of 210 patients with HER2 over-expressing breast cancer from the Fourth

Hospital of Hebei Medical University between January 2013 to December 2015

were enrolled in the study. Ten adjacent normal tissues were used to study the

expression pattern of ERCC1 in normal tissues. Immunohistochemistry was

performed to study ERCC1 expression and immune cell infiltration in different

status of ERCC1 expression. Further, the correlation between ERCC1

expression, immune cell infiltration clinicopathological features, and the

prognosis of patients with breast cancer was analyzed.

Results: The immune analysis revealed a significant correlation between CD8+

T cell, CD4+ T cell, T helper cell, macrophages, mast cells, and ERCC1

expression. Spearman analysis show that ERCC1 expression is related to

macrophages and T cells. A close correlation was observed between

increased ERCC1 expression and high tumor immune dysfunction and

exclusion (TIDE) score as well as HRD. The results revealed a significant

correlation among ERCC1, chemotherapy and estrogen receptor (ER; P <

0.05) expression. Univariate survival analysis revealed a significant correlation

(P < 0.05) between that ERCC1 and ER expression, blood vessel invasion, and

disease-free survival (DFS). ERCC1 and ER expression, tumor size, blood vessel

invasion, pathological type, and lymph nodemetastases significantly correlated
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(P < 0.05) with overall survival in patients. Multivariate regression analysis

revealed that ERCC1 expression and chemotherapy were independent

factors that influence DFS. ERCC1 expression and vascular tumor thrombus

were independent influencing factors that influence OS.

Conclusion: A correlation was observed between high ERCC1 expression and

poor patient prognosis. High ERCC1 expression also influences the efficacy of

immunotherapy and chemotherapy.
KEYWORDS

breast cancer, excision repair cross-complementary gene 1, human epidermal growth
factor receptor-2, prognosis, clinicopathological feature
Introduction

Breast cancer is one of the most common cancers in women.

According to the statistics, in 2021, breast cancer accounted for 30%

of all malignancies affecting females. Breast cancer ranks first in the

number of incidences and second in cancer-related mortality (1). A

higher incidence rate indicates a physical and psychological threat

to women’s health. With continuous advancements in tumor

immunology, molecular biology, and other disciplines, significant

progress has been made to improve our understanding of breast

cancer. Studies have been conducted to understand the

pathogenesis of breast cancer at the cellular and molecular levels.

To facilitate the identification and treatment of breast cancer, the

medical community has classified breast cancer into luminal A,

luminal B, human epidermal growth factor receptor (HER2)

positive, and triple-negative breast cancer. Immunohistochemical

markers have been used to classify tumors and have clinical

significance since they aid in identifying therapeutic strategies

based on molecular typing (2).

Comprehensive therapeutic strategies for breast cancer

treatment primarily include surgery, chemotherapy, precision

radiotherapy, hormone therapy, and targeted biological therapy.

The therapeutic strategies are primarily based on clinical,

pathological, and molecular characteristics. Notably, gene

expression and mutation alter mRNA and protein expression,

thereby altering the prognosis of patients (3). Gene mutation and

uncontrolled proliferation of breast epithelial cells are underlying

factors associated with occurrences of breast cancer (4). Therefore,

exploring genes associated with cell proliferation and prognosis can

help to predict the prognosis of patients with breast cancer.

Nucleotide excision repair cross-complementing gene 1

(ERCC1) is an important gene that encodes for a DNA repair

protein and acts in concert with nucleotide excision repair cross-

complementing gene 4 (ERCC4) to participate in nucleotide

excision repair (5). Therefore, investigating the role of ERCC1

expression in cancer has always been the focus of research. A
02
study explored the expression pattern of ERCC1in 51 patients

with non-small cell lung cancer undergoing surgery to

understand the correlation between ERCC1 expression and

patient survival (6). The results showed a significantly higher

median survival of ERCC1-positive patients compared to

ERCC1-negative patients (94.9 months vs. 35.5 months (6).

Another study has shown that patients with ERCC1-negative

advanced non-small-cell lung cancer had better progression-free

survival and overall survival (OS, P = 0.030) compared to

ERCC1-positive patients (P = 0.016; (7). Further, an

associat ion between ERCC1 expression and higher

pathological complete response (PCR) was observed (8).

Various studies have explored the effect of ERCC1 expression

on the prognosis of a patient with different molecular subtypes of

breast cancer. A study showed that high expression of ERCC1 in

triple-negative breast cancer was associated with poor patient

prognosis (9). The status of HER2 levels affects the expression of

markers associated with drug resistance in cancers. Further, a

correlation between ERCC1 expression and chemoresistance in

cancer also exists. A study showed a decrease in chemoresistance,

and an increase in the survival time was observed in patients

with HER2 overexpressing gastric cancer and low ERCC1

expression compared to the patients with high ERCC1

expression. Further, a significant improvement in trastuzumab

efficacy was observed in patients with HER2-positive gastric

cancer and low ERCC1mRNA levels (10). These results indicate

that HER2 overexpression and ERCC1 levels could enhance the

efficacy of chemotherapy drugs. Therefore, ERCC1 expression

should be studied in patients with other HER2 overexpressing

cancers. This could aid in creating treatment strategies and

identifying appropriate drugs to provide accurate and

personalized therapy, thereby improving patient prognosis. The

correlation between ERCC1 expression, patient prognosis,

and clinicopathological features is still unclear in patients

with HER2-positive breast cancer. Therefore, it is necessary to

explore the ERCC1expression pattern to determine the effect of
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ERCC1 expression on the clinicopathological features and

prognosis of patients with HER2-positive breast cancer treated

with trastuzumab.

In this study, we first analyze the ERCC1 expression and the

prognosis of patients with pan-cancer. Next, we performed an

immune analysis to understand the role of ERCC1 expression in

tumor immunity. Further, we studied the correlation between

ERCC1 expression and microsatellite instability (MSI),

homologous recombination deficiency (HRD), and tumor

mutational burden (TMB) in pan-cancer. Finally, tissue

samples of patients with HER2 over-expressing breast cancer

were collected to study the expression and prognosis of patients.

The data regarding HER2 (3+), HER2 (2+), and fluorescence in

situ hybridization (FISH) (+) of the patient samples between

January 2013 to December 2015 were obtained from the Fourth

Hospital of Hebei Medical University. The study on patients

with primary breast cancer was performed using amplification

by FISH. Based on the expression of ERCC1, the patients were

divided into negative, low, and high expression groups to explore

the correlation between ERCC1expression, clinicopathological

features, and prognosis.
Materials and methods

Expression analysis in pan-cancers

A standardized universal cancer dataset was retrieved using

the University of California Santa Cruz (UCSC) (https://

xenabrowser.net/) from databases like the Cancer Genome

Atlas (TCGA), Therapeutically Applicable Research to

Generate Effective Treatments (TARGET), Genotype-Tissue

Expression (GTEx; PANCAN, N=19131, G=60499). Further,

the ERCC1 (ENSG00000012061) expression data for samples

were extracted. The samples were further screened as normal

solid tissue, normal tissue, primary solid tumor, primary tumor,

primary blood-derived cancer-bone marrow, and blood samples

of primary peripheral blood-derived cancer. In addition, the

sample with the 0 expression level was filtered, and a log2(x

+0.001) transformation for each expression value was

performed. Finally, we eliminated cancer with less than three

samples in single cancer. The expression data of 34 cancer types

were obtained for subsequent analysis. The data was visualized

using the “ggplot2” R package.
Survival analysis in pan-cancers

The samples with 0 expression level and patient follow-up <

30 days were filtered, and log2(x+0.001) transformation for each

expression value was performed. The cancer type < 10 samples

in a dataset of single cancer type were excluded from the

analysis. Finally, 39 and 32 cancer types were obtained for OS
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and disease-free survival (DFS) analyses, respectively. The

“survival” R package was used to perform survival analysis.
Immune analysis in pan-cancers

The expression data of ERCC1 (ENSG00000012061), 150

immune pathways-associated genes (41 genes associated with

chemokine, 18 receptor genes, 21 MHC-related genes, 24

immune-inhibitor genes, and 46 immune-stimulator genes),

and 60 checkpoint genes (24 inhibitory and 26 stimulatory

genes) were extracted (11). Further, the expression data of

marker genes in each sample were screened. The sample

sources were as follows: primary solid tumor, primary tumor,

primary blood-derived cancer-bone marrow, and primary

peripheral blood-derived cancer. Additionally, blood and

normal samples with 0 expression levels were filtered, and log2

(x+0.001) transformation for each expression value was

performed. Pearson correlation analysis was performed on

ERCC1 (ENSG00000012061) and the immune pathways and

immune checkpoint-associated marker genes.

Tumor immune dysfunction and exclusion (TIDE)

algorithm was used to predict the potential immune

checkpoint blockade (ICB) response. The analysis was

performed using clinical information of 186 patients with

breast cancer and RNA-sequencing expression (level 3) data

retrieved from the TCGA dataset (https://portal.gdc.com). The

results were visualized using the “ggplot2” and “ggpubr” R

package. Besides, RNA-sequencing expression (level 3) data

and corresponding clinical information for breast cancer were

retrieved from the TCGA dataset (https://portal.gdc.com). The

“ggstatsplot” R package was used to visualize the correlation

between gene expression and immune scores. Spearman’s rank

correlation test was used to study the correlation between

quantitative variables without normal distribution. The

immune cell infiltration score for all patients in each type of

tumor was assessed based on gene expression. The

Deconvo_Cell-type Identification by Estimating Relative

Subsets of RNA Transcripts (CIBERSORT) method was used

to calculate immune scores in pan-cancers. P < 0.05 was

considered statistically significant (12).
Analysis of HRD, MSI, and TMB
in pan-cancers

The data on TMB was retrieved from the Simple Nucleotide

Variation (level 4) dataset for all TCGA samples using MuTect2

software (13). The MSI and HRD of samples were obtained from

previous studies (14, 15). The TMB, MSI, HRD, and gene

expression data were integrated. In addition, samples with 0

expression level were filtered, and log2(x+0.001) transformation

was performed for each expression value. Finally, the dataset
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with less than 3 samples in a single cancer were

eliminated. Finally, the expression data of 37 cancer types

were obtained for subsequent analysis.
Patient selection and information
collection

Patients with HER2-positive primary breast cancer

undergoing treatment from January 2013 to December 2015 at

the Fourth Hospital of Hebei Medical University were selected

for the study. The patient information was collected. All patients

were treated with trastuzumab for one year, and the follow-up

was conducted until March 30, 2021.
Inclusion and exclusion criteria

The patient inclusion criteria were as follows: age ≥ 18 years;

breast cancer patients diagnosed by puncture or resection; patients

treated with trastuzumab-assisted targeted therapy for one year;

normal liver, kidney, heart, and other main organs functions;

Karnofsky score (KS) physical strength score ≥ 80 points. The

exclusion criteria were: diagnosis of carcinoma in situ; male breast

cancer; the presence of malignant tumors at other sites; incomplete

clinical, follow-up, and histopathology data; unable to obtain

complete information; patients with distant metastasis.
Information on clinicopathological
characteristics, calculation of ERCC1
expression score, and immune cell
infiltration

Based on previous studies (8, 9), the patients were divided into

two groups: ≤ 45 years and > 45 years. The patients were divided

into three groups based on tumor size: ≤ 2 cm, > 2.1, and ≤ 5 cm, >

5 cm. Based on the pathological types, the patients were divided into

invasive ductal carcinoma (IDC) and non-invasive ductal

carcinoma. Based on the presence of vascular tumor thrombus,

the patients were divided into with and without vascular tumor

thrombus group. Lymph nodes were categorized into 0, 1-3, 4-9,

and over 10, according to the number of metastases. The expression

of estrogen receptor (ER) and progesterone receptor (PR) were

categorized into < 1%, 1-10%, and > 10%. according to the detection

and interpretation criteria of the immunohistochemical method.

The boundary value of high and low expression of cell proliferating

nuclear antigen (Ki-67) could be different in different pathological

laboratories. The patients were divided into three groups in this

study: ≤ 14%, 15–30%, and > 30% based on Ki-67 expression.

The expression of ERCC1was analyzed in patients. The

information on the clinicopathological features, like age,

menstrual status, tumor size, pathological type, lymph node
Frontiers in Oncology 04
metastasis, and the expression of ER, PR, and Ki-67, were

collected. The relationship between the ERCC1 expression and

clinicopathological features was analyzed.

Based on the inclusion criteria, the patients were selected for the

study. The paraffin-embedded sections of patients were obtained

based on the immunohistochemical data provided by the pathology

department of the Fourth Hospital of Hebei Medical University.

Immunohistochemistry was performed on the paraffin-embedded

sections of patients. The sections were reexamined and interpreted

based on relevant interpretation standards of ERCC1. The

correlation between ERCC1 expression, clinicopathological

features, and prognosis of patients was analyzed.

The sections were analyzed, and the results were interpreted

by two senior pathologists. The expression pattern of ERCC1in

patient samples was interpreted based on the widely used

immunohistochemical scoring standard as follows: 1. Staining

intensity: 0 when the sections were colorless, 1: light yellow

staining, 2: yellow staining, and 3: brown staining; 2. Number of

positive cells: 0 when the number of positive cells were ≤ 10%, 1:

11% to 25% positive cells, 2: 26% to 50% positive cells, and 3: >

50% positive cells. The average value of the two scores was

calculated. ERCC1expression was considered high if the average

value was > 2 scores. If the average value was 1–2 points

(including 1 and 2 points), the ERCC1expression was

considered low, and an average value < 1 point was regarded

as a negative expression.

The correlation between ERCC1 expression score and

immune cell infiltration was analyzed. Based on the

bioinformatic analysis, the infiltration of T cells (CD3) and

macrophages (CD206) were calculated, and the results were

represented as % positive cells. The results were calculated using

the formula: % Positive cell = Detected positive cell/Total cells.

Spearman’s rank correlation analysis was performed to evaluate

the correlation between ERCC1 expression score and immune

cell infiltration.
Follow-up and prognostic indicators

Telephone conversations, medical records, and archives

were used to obtain patient information. The patients included

in the study based on the inclusion criteria were followed up.

The follow-up time was defined as the time from breast cancer

diagnosis to the last follow-up or death. Breast cancer events

were defined as local recurrence, distant metastasis, or patient

death. Computed tomography scan, Magnetic resonance

imaging, or biopsy, including regional lymph node recurrence

and distant metastasis, were performed to confirm recurrence

and metastasis in patients with breast cancer. The general

clinicopathological data of the patients, including age,

menstrual status, tumor size, pathological type, lymph node

metastasis, chemotherapy status, immunohistochemistry (IHC),

and FISH results, were collected retrospectively.
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To study the relationship between ERCC1 expression and

the prognosis of patients with different clinicopathological

features, survival analysis was performed and were divided

based on the clinical information stratified by other clinical

information. Log-rank tests were used to perform survival

analysis, and the results were represented as survival curves.

The outcomes were measured as OS andDFS. OS was defined

as death due to any cause from the date of a breast cancer

diagnosis. DFS is defined as the time elapsed from the date of

breast cancer diagnosis to the time of disease recurrence or death.
Statistical analysis

SPSS 21.0 and R package 4.0.3 were used to analyze and

tabulate the data. A chi-squared test was used to compare the

clinicopathological characteristics of patients. The survival rate

between groups was evaluated using Kaplan–Meier survival

curve analysis. Multivariate regression analysis was performed

to evaluate the effect of some factors on the patient prognosis

using Cox proportional hazard model. P < 0.05 was considered

statistically significant. The complete data analysis process is

shown in Figure 1.
Results

Gene expression and patient survival
analysis in pan-cancers

Unpaired Wilcoxon rank sum and Wilcoxon signed-rank

test was used to performing analysis. The results revealed a

significant increase in ERCC1 expression in 20 cancers, including

GBMLGG, BRCA, HNSC, etc. Further, a significant decrease in

ERCC1 expression was shown in patients with CESC, LUAD, OV,

and TGCT (Figure 2A). The difference in ERCC1 expression
Frontiers in Oncology 05
between tumor cancer and normal tissue was analyzed, and the

results revealed a significant increase in ERCC1 in breast cancer

tumor tissue compared to normal tissue (Figure 2B).

TheOSanalysis revealed that in eight cancers (GBMLGGP=1.4

e-15, LGG P = 5.8e-7, LUAD P = 2.1e-3, LAML P = 9.0e-3, SARC

P=0.02, KIPAN P = 0.03, LIHC P = 0.04, ACC P = 1.5e-3) and low

expression inPCPG(P=0.05)hadapoorprognosis (Figure2C).The

DFS analysis revealed that patients with high ERCC1 expression in

ACC (P=0.04) had a poor prognosis (Figure 2D).
HRD, MSI, TMB, and immune analysis
in pan-cancers

The aim of the pan-cancers analysis was to study the effect of

ERCC1 expression on immune responses to identify patients with

different types of cancers that may benefit from anti-ERCC1

immunotherapy. The results revealed a negative correlation

between ERCC1 expression and most immunomodulators in

patients with BRCA (Figure 3A). Furthermore, a negative

correlation was observed between ERCC1 expression and most

immune checkpoints (Figure 3B). However, no negative correlation

was observed between immunomodulators or immune checkpoints

and ERCC1 expression in patients with other cancers such as LGG,

LAML, BLCA, and KIPAN. Further, we analyzed the relationship

between ERCC1 expression and immune cell infiltration. As shown

in Figure 3C, a significant correlation was observed between CD8+

T cells, CD4+ T cells, T helper cells, macrophages, mast cells, and

ERCC1 expression. Further, the correlation between infiltrating

immune cells and ERCC1 expression in patients with HER2 over-

expressing breast cancer was evaluated. The results revealed a

negative correlation between CD8+ T cell and ERCC1 expression

(Figure 3D). Further, the TIDE score was calculated to evaluate the

influence of ERCC1 on immunotherapy. The results revealed that

in patients with HER2 over-expressing breast cancer, a positive

correlation was observed between ERCC1 expression and TIDE
FIGURE 1

The flowchart of the complete data analysis and validation of ERCC1 expression.
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score (Figure 3E), suggesting that ERCC1 expression could impact

the effects of immunotherapy.

Further, no significant correlation was observed between

ERCC1 expression and TMB and MSI in patients with breast

cancer (Figures 4A, B). However, a negative correlation was

observed between ERCC1 expression and HRD in patients with

breast cancer (Figure 4C), thereby suggesting that ERCC1

expression may influence the efficacy of chemotherapy on

patients with breast cancer.
General information about patients

As shown in Figure 1, 225 patients preliminarily diagnosed with

HER2-positive breast cancer were treated with trastuzumab

between January 2013 to December 2015 Presence of other

malignant tumors was observed in two patients with breast

cancers. We could not obtain the paraffin-embedded tissue of

three patients since the patients were diagnosed during surgical

examination outside the hospital. Hence, these five cases were

excluded from the analysis since they failed to meet the inclusion

criteria. Therefore, 220 patients with HER2-positive breast cancer

were included in the study. The follow-up of 10 patients could not

be completed; therefore, the follow-up rate was 95.5%.

Table 1 shows the general information and clinicopathological

features of the patients. A total of 210 patients with HER2 (3+)

breast cancer were enrolled (median age 49 years; range 27–73

years) for the study. Of the 210 patients with breast cancer, 82 (39%)
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were premenopausal, and 128 (61%) were menopausal. Based on

the pathological types, 187 (87.6%) patients had IDC, no vascular

tumor thrombus was observed in 147 (70%) patients, and no lymph

node metastasis was observed in 123 (58.6%) patients. The status of

immunohistochemical indicators in the patients was as follows: 108

(51.4%) patients with ER expression > 10%, 93 (44.3%) patients

were PR negative, 132 (62.9%) patients had high Ki-67 expression,

and 103 (49%) patients had low ERCC1 expression. Of the 210

patients followed up, recurrence and metastasis were observed in 28

patients (13.3%), 85.6% of patients had had five-year DFS, 22

patients (10.4%) died, and 88.3% of patients had five-year OS.

The follow-up time was 4–98 months, and the median follow-up

duration was 78 months.
Immunohistochemical staining of ERCC1
and immune cell infiltration in patients
with different ERCC1 expression levels

A total of 210 HER2+ breast cancer and ten adjacent normal

tissues were collected. The IHC results were interpreted based on

the interpretation standard. The comprehensive score was based

on the comprehensive staining intensity and the number of

positive cells (Figures 5A–H). A significant increase in ERCC1

expression in breast cancer tissues compared to normal

tissue (Figure 5M).

IHC performed to study immune cell infiltration revealed

that patients with high expression of ERCC1 had significantly
A

B
C D

FIGURE 2

The expression of ERCC1 and survival analysis in pan-cancers, (A) ERCC1 expression in pan-cancers. (B) ERCC1 expression in breast cancer.
(C) Univariate survival analysis in pan-cancers [disease-free survival (DFS]). (D) Univariate survival analysis in pan-cancers [overall survival (OS)].
*P < 0.05; ***P < 0.005; ****P < 0.001.
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low T cell infiltration compared to patients with low expression

of ERCC1. Further, significantly higher macrophage infiltration

was observed in patients with high ERCC1 expression compared

to patients with low ERCC1 expression (Figures 5I–L).

Spearman’s rank correlation revealed a negative correlation

between ERCC1 expression and infiltration of T cells, whereas

a positive correlation between ERCC1 expression and

macrophage infiltration (Figures 5P, Q).
Relationship between ERCC1 expression
and clinicopathological features

Chi-squared test was performed to study the correlation

between ERCC1 expression and clinicopathological features.
Frontiers in Oncology 07
The results showed no significant correlation between ERCC1

expression and age at diagnosis, menopause, tumor size, vascular

tumor thrombus, pathological type, PR and Ki-67 expression,

and lymph node metastasis (P > 0.05). However, a significant

(P < 0.05) correlation was observed between ERCC1and ER

expression as well as chemotherapy (Table 2).
Survival analysis

Log-rank tests and univariate survival analyses were used to

study the correlation between clinicopathological features, DFS,

and OS in 210 patients with breast cancers. The results revealed

no significant (P > 0.05) correlation between that patient’s age at

diagnosis, menstrual status, tumor size, pathological type, PR,
A B

D

E

C

FIGURE 3

The effect of ERCC1 on immune status. (A) Correlation between ERCC1 and 150 immune pathways marker-related genes in pan-cancers.
(B) Correlation between ERCC1 and immune checkpoints in pan-cancers. (C) The correlation between ERCC1 and tumor-associated immune
cells was evaluated using Cell-type Identification by Estimating Relative Subsets of RNA Transcripts in pan-cancers. (D) Correlation between
ERCC1 and tumor-associated immune cells in HER2 over-expressing breast cancer. (E) Tumor immune dysfunction and exclusion score in
HER2 over-expressing breast cancer. G1: High expression of ERCC1. G2: Low expression of ERCC1 (Divided by average expression). *P < 0.05;
**P < 0.01; ***P < 0.005; ****P < 0.001.
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Ki-67, lymph node metastasis, and DFS. However, a significant

correlation (P < 0.05) was observed between the ERCC1 and ER

expression, vascular tumor thrombus, chemotherapy, and DFS

(Table 3). No correlation was observed between the patient’s age

at diagnosis, menstrual status, Ki-67 levels, PR expression, and

OS (P > 0.05). However, a significant correlation (P < 0.05) was

observed between ERCC1 expression, vascular tumor thrombus,

pathological type, ER, tumor size, chemotherapy, lymph node

metastasis, and OS (Table 3).

To study the correlation between ERCC1 expression and

patient prognosis in patients with different clinicopathological

features, survival analysis was performed, stratified by

clinicopathological features. The result revealed a significant

correlation (P < 0.05) between OS and DFS stratified by all

clinical factors (Age, menstrual status, Ki-67, ER and PR
Frontiers in Oncology 08
expression, vascular tumor thrombus, pathological type, tumor

size, chemotherapy, and lymph node metastasis; Figures 6, 7).

Multivariate regression analysis was performed using Cox

proportional hazards on parameters identified as significant

indicators using the univariate analysis. As shown in

Figures 5N, O, the Kaplan–Meier survival curve indicates the

correlation between ERCC1 expression, DFS, and OS. The

independent factors that influence the DFS and OS are shown

in the forest map. The forest map shows that ERCC1 expression

[P < 0.001, HR = 11.349 (4.108–31.355)] and chemotherapy

[P <0.05, HR = 0.415(0.181–0.949)] were independent factors

that influence DFS. ERCC1 expression [P <0.001, HR = 13.403

(2.921–61.429)] and vascular tumor thrombus [P < 0.05, HR =

3.174(1.248–8.073)] were independent influencing factors that

influence OS (Figure 8).
A B

C

FIGURE 4

Homologous recombination deficiency (HRD), Microsatellite instability (MSI), and Tumor mutation burden (TMB) analysis in pan-cancers.
(A) Correlation between ERCC1 and TMB in pan-cancers. (B) Correlation between ERCC1 and MSI in pan-cancers. (C) Correlation between
ERCC1 and HRD in pan-cancers.
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Discussion

Breast cancer is the most common cancer in women, and its

incidences are gradually increasing. In 2021, 280000 new cases

and 40000 deaths related to breast cancer were reported. Breast

cancer has the highest incidence rate, surpassing lung cancer

(1, 16).

The advancement in technology like DNA sequencing has

allowed us to explore the mechanism underlying the occurrence,

development, and metastasis of breast cancer. Further, it also allows

us to explore the factors that could influence the prognosis of

patients using clinical data. ER, PR, HER2, and Ki-67 are commonly

used markers for classifying different breast cancer types using IHC.

This aids in designing personalized treatment for patients with

breast cancer. Based on the expression of IHC markers, breast

cancers are classified as luminal A, luminal B, triple-negative, and

HER2 overexpressing (17). HER2 overexpression usually refers to

an IHC score of 3+ or 2+ and FISH amplification, accounting for

approximately 25% of all breast cancer cases. High HER2 level
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activates AKT, which triggers anti-apoptotic signaling to enhance

the TNF-a resistance phenotype of cancer cells. HER2 usually

forms a homodimer with other HER2 proteins, which activates the

Ras/Raf/MAPK and PI3K/Akt signaling pathway to promote the

proliferation and metastasis of tumor cells (18). Trastuzumab is

used for treating patients with HER2 overexpressing breast cancer.

Trastuzumab increases tumor cell susceptibility by altering HER2

expression, thereby increasing the drug efficacy and improving the

prognosis of patients with breast cancer (19). Studies have shown

that trastuzumab, along with chemotherapeutic drugs, induces cell

cycle arrest, inhibits HER2-PI3K-Akt signaling, and downregulates

the expression of ERCC1 (10).

A study has shown a correlation between the expression of a

few tumor markers and immune-related genes, like Programmed

cell death ligand 1, as well as tumor-infiltrating lymphocytes (20).

Our results show a significant negative correlation between ERCC1

expression and CD8+ T cells in patients with HER2 over-expressing

breast cancer. Further, a correlation between high ERCC1

expression and high TIDE score was also observed, which
TABLE 1 clinical baseline characteristics of 210 patients.

Characteristics Value (IQR/proportion)

Number of cases 210

Age of diagnosis (y), median (IQR) 49 (40, 55)

Menstrual status, n (%) Postmenopausal 82 (39%)

Premenopausal 128 (61%)

Tumor size (CM), n (%) <=2 79 (37.6%)

2.1-5 124 (59%)

>5 7 (3.3%)

Intravascular cancer embolus, n (%) No 147 (70%)

Yes 63 (30%)

Pathologic classification, n (%) Invasive ductal carcinoma 184 (87.6%)

Non-invasive ductal carcinoma 26 (12.4%)

ER, n (%) <1% 78 (37.1%)

1-10% 24 (11.4%)

>10% 108 (51.4%)

PR, n (%) <1% 93 (44.3%)

1-10% 45 (21.4%)

>10% 72 (34.3%)

Ki-67, n (%) <=14% 22 (10.5%)

15%-30% 56 (26.7%)

>30% 132 (62.9%)

ERCC1 expression, n(%) Negative 71 (33.9%)

Low 103 (49.0%)

High 36 (17.1%)

Chemotherapy, n (%) Yes 136 (64.8%)

No 74 (35.2%)

Lymph node metastasis, n (%) 0 123 (58.6%)

1-3 46 (21.9%)

4-9 24 (11.4%)

>=10 17 (8.1%)
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indicates that ERCC1 expression could reduce the efficacy of

immunotherapy. Furthermore, a correlation was also observed

between ERCC1 expression and HRD, thus suggesting that

ERCC1 expression could also reduce the efficacy of

chemotherapeutic drugs like cisplatin and carboplatin. T cells play

an important role in cancer, CD3 is an important T cells biomarker,

and CD3 deficiency of CD3 could lead to severe combined

immunodeficiency (21, 22). CD206 is an important biomarker of

M2 macrophages. High CD206 levels suggest an increase in M2

macrophage infiltration, which indicates a poor prognosis for

patients with breast cancer (23). IHC analysis of immune cell

infiltration revealed a significantly lower T cell infiltration in

patients expressing high levels of ERCC1 compared to the

patients with low ERCC1 expression. Interestingly, patients with

high ERCC1 expression had significantly high macrophage
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infiltration compared to patients with low ERCC1 expression.

These results indicate that ERCC1 expression may affect the

infiltration of T cells and macrophages. However, the sample size

of the study is limited; few samples were available for analyzing the

correlation between ERCC1 expression and T cell and macrophage

infiltration. Therefore, sample collection for further analysis is

currently in progress.

Clinicopathological features, such as Ki-67, histological grade,

age, gender, menstrual status, tumor size, and lymph node

metastasis, influence the prognosis of patients with breast cancer

(24). ERCC1 is a potential tumor marker that may interact with

other clinical indicators and affect the prognosis of patients.

However, there is a discrepancy in our understanding of the

association between ERCC1 and breast cancer (25, 26). Our study

showed that the ERCC1 expression in patients with breast cancer
FIGURE 5

Validation of ERCC1 expression, survival analysis, and immune cell infiltration in patients. (A, B) Immunohistochemical (IHC) staining of ERCC1 in
normal tissues, (A) Magnification, 10×10, (B) Magnification, 20×10. (C, D) IHC staining of ERCC1 in HER2 over-expressing breast cancer tissues
(Expression: negative). (C) Magnification, 10×10, (D) Magnification, 20×10. (E, F) IHC staining of ERCC1 in HER2 over-expressing breast cancer
tissues (Expression: low level). (E) Magnification, 10×10, (F) Magnification, 20×10. (G, H) IHC staining of ERCC1 in HER2 over-expressing breast
cancer tissues (Expression: high level). (G) Magnification, 10×10, (H) Magnification, 20×10. (I, J) IHC localization of CD206 indicates macrophage
infiltration in 20 patients with different levels of ERCC1 expression. (I) ERCC1 expression level: low, magnification, 20×10. (J) ERCC1 expression
level: high, magnification, 20×10. (K, L) IHC localization of CD3 indicates T cell infiltration in 20 patients with different levels of ERCC1 expression.
(K) ERCC1 expression level: low, magnification, 20×10. (L) ERCC1 expression level: high, magnification, 20×10. (M) Expression of ERCC1 in normal
and cancer tissue. (N) Survival analysis grouped by ERCC1 expression (DFS), (O) Survival analysis grouped by ERCC1 expression (OS) Blue: high
level, Red: low level, Green: negative. (P) Spearman’s rank correlation analysis determined the correlation between ERCC1 expression score and
positive cell percentage of T cells (CD3). (Q) Spearman’s rank correlation analysis determined the correlation between ERCC1 expression score
and positive cell percentage of macrophages (CD206). *P < 0.05.
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treated with trastuzumab had no significant correlation with age at

diagnosis, menopausal status, tumor size, vascular tumor thrombus,

pathological type, PR, Ki-67, lymph node metastasis (P > 0.05), but

significant correlations were observed among ERCC1,

chemotherapy and ER repression (P < 0.05).

A correlation was observed between ERCC1 and ER expression.

High ERCC1 expression was observed in patients with ER-positive

breast cancer, whereas the ERCC1 expression was low in patients

with triple-negative breast cancer (27). Another study showed that
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the expression of ERCC1 in ER-positive patients with breast cancer

after neoadjuvant chemotherapy is significantly lower than that of

ER-negative patients (28). We analyzed the correlation between

clinicopathology features and ERCC1 expression, and the results

revealed a negative correlation between ERCC1 and ER expression.

Approximately 40% of patients with ER-positive breast cancer have

defects in the DNA repair mechanism, which is an important factor

contributing to endocrine resistance in breast cancer. A study

revealed that compared to patients with low ERCC1 expression,
TABLE 2 Relationship between ERCC1 expression and clinical characteristics.

Characteristics The expression level of ERCC1 P-value

Negative Low High

Number of cases 71 103 36

Age of diagnosis, n (%) 0.485

<=45 27 (12.9%) 42 (20%) 18 (8.6%)

>45 44 (21%) 61 (29%) 18 (8.6%)

Menstrual status, n (%) 0.327

Postmenopausal 32 (15.2%) 39 (18.6%) 11 (5.2%)

Premenopausal 39 (18.6%) 64 (30.5%) 25 (11.9%)

Tumor size (CM), n (%) 0.249

<=2 30 (14.3%) 38 (18.1%) 11 (5.2%)

2.1-5 41 (19.5%) 60 (28.6%) 23 (11%)

>5 0 (0%) 5 (2.4%) 2 (1%)

Intravascular cancer embolus, n (%) 0.353

No 53 (25.2%) 72 (34.3%) 22 (10.5%)

Yes 18 (8.6%) 31 (14.8%) 14 (6.7%)

Pathologic classification, n (%) 0.426

Invasive ductal carcinoma 65 (31%) 89 (42.4%) 30 (14.3%)

Non-invasive ductal carcinoma 6 (2.9%) 14 (6.7%) 6 (2.9%)

ER, n (%) 0.002

<1% 21 (10%) 44 (21%) 13 (6.2%)

1%-10% 3 (1.4%) 11 (5.2%) 10 (4.8%)

>10% 47 (22.4%) 48 (22.9%) 13 (6.2%)

PR, n (%) 0.061

<1% 23 (11%) 45 (21.4%) 15 (7.1%)

1%-10% 16 (7.6%) 25 (11.9%) 14 (6.7%)

>10% 32 (15.2%) 33 (15.7%) 7 (3.3%)

Ki-67, n (%) 0.107

<=14% 7 (3.3%) 13 (6.2%) 2 (1%)

15%-30% 27 (12.9%) 22 (10.5%) 8 (3.8%)

>30% 37 (17.6%) 68 (32.4%) 26 (12.4%)

chemotherapy, n (%)

Yes 52 (24.8%) 68 (32.4%) 16 (7.6%) 0.012

No 19 (9.0%) 35 (16.7%) 20 (9.5%)

Lymph node metastasis, n (%) 0.216

0 48 (22.9%) 55 (26.2%) 20 (9.5%)

1-3 16 (7.6%) 23 (11%) 7 (3.3%)

4-9 5 (2.4%) 15 (7.1%) 4 (1.9%)

>=10 2 (1%) 10 (4.8%) 5 (2.4%)
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patients with high ERCC1 expression were more likely to develop

drug resistance to hormone therapy and had a poor prognosis

(HR = 1.4, P = 0.02). The decrease in expression of ERCC1 and

genes associated with DNA damage repair arrest the cell cycle at the

G1-S phase in breast cancers, thereby altering the regulation of the
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cell cycle by ER. This induces resistance to hormone therapy,

thereby affecting the prognosis of patients (29).

Vascular tumor thrombus is closely associated with the

prognosis of patients with breast cancer. As a common

pathological indicator of breast cancer, the presence of
TABLE 3 Univariate analysis of DFS and OS in the collection of 210 patients.

Characteristics Event

DFS, n(%) P-value OS, n(%) P-value

Number of cases 28 22

ERCC1 expression, n(%) < 0.001 < 0.001

Negative 5 (2.4%) 2 (1%)

Low 5 (2.4%) 3 (1.4%)

High 18 (8.6%) 17 (8.1%)

Age of diagnosis, n (%) 0.711 0.526

<=45 13 (6.2%) 11 (5.2%)

>45 15 (7.1%) 11 (5.2%)

Menstrual status, n (%) 0.153 0.059

Postmenopausal 7 (3.3%) 4 (1.9%)

Premenopausal 21 (10%) 18 (8.6%)

Tumor size (CM), n (%) 0.073 0.029

<=2 11 (5.2%) 9 (4.3%)

2.1-5 14 (6.7%) 10 (4.8%)

>5 3 (1.4%) 3 (1.4%)

Intravascular cancer embolus, n (%) 0.024 0.004

No 14 (6.7%) 9 (4.3%)

Yes 14 (6.7%) 13 (6.2%)

Pathologic classification, n (%) 0.057 0.037

Invasive ductal carcinoma 21 (10%) 16 (7.6%)

Non-invasive ductal carcinoma 7 (3.3%) 6 (2.9%)

ER, n (%) 0.012 0.028

<1% 10 (4.8%) 9 (4.3%)

1%-10% 8 (3.8%) 6 (2.9%)

>10% 10 (4.8%) 7 (3.3%)

PR, n (%) 0.462 0.718

<1% 10 (4.8%) 9 (4.3%)

1%-10% 10 (4.8%) 7 (3.3%)

>10% 8 (3.8%) 6 (2.9%)

Ki-67, n (%) 0.954 0.428

<=14% 3 (1.4%) 4 (1.9%)

15%-30% 8 (3.8%) 6 (2.9%)

>30% 17 (8.1%) 12 (5.7%)

Chemotherapy 0.001 0.003

Yes 10 (4.8%) 8 (3.8%)

No 18 (8.6%) 14 (6.7%)

Lymph node metastasis, n (%) 0.125 0.039

0 18 (8.6%) 13 (6.2%)

1-3 2 (1%) 1 (0.5%)

4-9 5 (2.4%) 5 (2.4%)

>=10 3 (1.4%) 3 (1.4%)
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vascular tumor thrombus usually indicates invasion of

endothelial lymphatic vessels and/or blood vessels by tumor

cells to form emboli and release tumor cells through lymphatic

and blood vessels. This increases the risk of lymph node and

distant metastasis in patients with breast cancer. Vascular tumor

thrombus indicates poor prognosis in patients with breast cancer

and can predict distant metastasis and local recurrence of

tumors (30, 31). Multivariate regression analysis revealed that

vascular tumor thrombus is an independent prognostic factor

for patients with breast cancer. Our results are consistent with

the previous studies, which suggest that the presence of vascular

tumor thrombus indicates a poor prognosis for patients with

breast cancer.

ERCC1 expression also affects the chemosensitivity of the

breast cancer cells. ERCC1 weakens the therapeutic effect of

chemotherapy drugs by attenuating the DNA damage caused by

platinum and other chemotherapy drugs and promoting DNA

repair (32). In patients with triple-negative breast cancer, high

expression of ERCC1 was observed in the DNA repair pathway,

thereby altering the sensitivity of cancers to chemotherapeutic

drugs and DNA damage inhibitors. This induces drug resistance

and affects the prognosis of patients with breast cancer (33).
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Bioinformatic analysis revealed a correlation between ERCC1 and

HRD. High-level expression of ERCC1 usually indicate the higher

resistance of chemotherapy in breast cancer. No significant

correlation between ERCC1 expression and TMB, as well as

MSI, was observed. Our results revealed a significant correlation

between chemotherapy and ERCC1 expression. Patients with high

ERCC1 expression did not benefit from chemotherapy, which

indicates ERCC1 alters the sensitivity to chemotherapeutic agents.

A study has revealed that increased methylation of ERCC1 in

the proximal DNA in leukocytes increases the risk of breast cancer

(adjusted OR = 1.29; 95% CI, 1.06-1.57) occurrence ( (34).

Therefore, the ERCC1 methylation could be associated with the

occurrence of breast cancer. However, due to the limited

experimental samples, the relationship between the methylation

status of ERCC1 and breast cancer could not be explored in this

study and will be investigated by us in future studies.

Survival analysis performed on data retrieved from publicly

available databases did not show a significant correlation

between ERCC1 expression and patient prognosis. However,

our survival analysis revealed a correlation between ERCC1

expression and patient expression. We believe that the

differences in gene expression from various sources and the
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FIGURE 6

Survival curves stratified based on clinical factors (OS) (A) Age (B) menopause (C) Tumor size (D) Intravascular cancer embolus (E) Pathological
classification (F) ER (G) PR (H) Ki-67 (I) Lymph node metastasis (J) Chemotherapy (K) ERCC1 expression.
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FIGURE 7

Survival curves stratified based on clinical factors (DFS) (A) Age (B) menopause (C) Tumor size (D) Intravascular cancer embolus (E) Pathologic
classification (F) ER (G) PR (H) Ki-67 (I) Lymph node metastasis (J) Chemotherapy (K) ERCC1 expression.
FIGURE 8

The forest plot of multivariate COX survival analysis.
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final results of survival analysis could contribute to discrepancies

in the results. Moreover, we evaluated the correlation between

ERCC1 expression and clinicopathological features, and the

results revealed a correlation between ER and ERCC1

expression. However, limited information is available on the

underlying mechanism or pathway by which ERCC1 affects

other clinicopathological features; hence, additional studies are

required to understand the role of ERCC1 further.
Conclusion

A negative correlation was observed between ERCC1 and ER

expression in patients with HER2 over-expressing breast cancer.

Moreover, ERCC1 expression and vascular tumor thrombus are

independent prognostic factors influencing OS in patients with

HER2 over-expressing breast cancer. Besides, ERCC1 expression

is also an independent factor that influences DFS. High

expression of ERCC1 suggests a poor prognosis for patients

with HER2 over-expressing breast cancer.
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