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A nomogram based on
cuproptosis-related genes
predicts 7-year relapse-free
survival in patients with estrogen
receptor-positive early
breast cancer
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Donghao Lu2,3 and Hong Zheng1*

1Breast Center and Multi-omics Laboratory of Breast Diseases, West China Hospital, Sichuan
University, Chengdu, China, 2West China Biomedical Big Data Center, West China Hospital, Sichuan
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Introduction: Excess copper induces cell death by binding to lipoylated

components of the tricarboxylic acid cycle. Although a few studies have

examined the relationship between cuproptosis-related genes (CRGs) and

breast cancer prognosis, reports on estrogen receptor-positive (ER+) breast

cancer are lacking. Herein, we aimed to analyze the relationship between CRGs

and outcomes in patients with ER+ early breast cancer (EBC).

Methods: We conducted a case-control study among patients with ER+ EBC

presenting poor and favorable invasive disease-free survival (iDFS) at West China

Hospital. Logistic regression analysis was performed to establish the association

between CRG expression and iDFS. A cohort study was performed using pooled

data from three publicly available microarray datasets in the Gene Expression

Omnibus database. Subsequently, we constructed a CRG score model and a

nomogram to predict relapse-free survival (RFS). Finally, the prediction

performance of the two models was verified using training and validation sets.

Results: In this case-control study, high expression of LIAS, LIPT1, and ATP7B and

low CDKN2A expression were associated with favorable iDFS. In the cohort

study, high expression of FDX1, LIAS, LIPT1, DLD, PDHB, and ATP7B and low

CDKN2A expression were associated with favorable RFS. Using LASSO-Cox

analysis, a CRG score was developed using the seven identified CRGs. Patients

in the low CRG score group had a reduced risk of relapse in both training and

validation sets. The nomogram included the CRG score, lymph node status, and

age. The area under the receiver operating characteristic (ROC) curve (AUC) of

the nomogramwas significantly higher than the AUC of the CRG score at 7 years.
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Conclusions: The CRG score, combined with other clinical features, could afford

a practical long-term outcome predictor in patients with ER+ EBC.
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1 Introduction

In 2020, breast cancer (BC), for the first time, surpassed lung

cancer as the most commonly diagnosed cancer. Overall, an

estimated 2.3 million new cases of BC have been diagnosed (1).

According to data on BC pathology among Asian women, 52–76% of

patients with BC have estrogen receptor (ER)-positive (ER+)

subtypes (2). Expression of ER has been associated with a favorable

prognosis and can predict the efficacy of endocrine therapies,

including aromatase inhibitors and tamoxifen (3). However, nearly

one-quarter of patients with ER + early BC (EBC) experience relapse

within 10 years (4). Approximately half of all relapses occur after five

years of adjuvant endocrine therapy (5). Although the clinical stage,

combined with other features like ki67 and differentiation grade, can

afford a preliminary assessment of prognosis, additional molecular

markers are needed to construct an exemplary long-term prognosis

model. Furthermore, these molecular markers could help identify

more effective therapeutic targets.

The copper-dependent regulation of cell death is distinct from

known death mechanisms and depends on mitochondrial

respiration in human cells (6). Copper directly binds to lipoylated

components of the tricarboxylic acid (TCA) cycle, resulting in

lipoylated protein aggregation (7) and subsequent iron-sulfur

cluster protein loss, thereby inducing proteotoxic stress (8) and,

ultimately, cell death (9). The regulators essential for cuproptosis

include two components, the lipoic acid (LA) pathway (FDX1,

LIAS, LIPT1, and DLD) and the pyruvate dehydrogenase (PDH)

complex (DLAT, PDHA1, PDHB, MTF1, GLS, and CDKN2A) (9).

Research on cuproptosis and its relationship with cancer

remains in its early stages of development. Correlations between

cuproptosis-related genes (CRGs) and prognosis have been

reported in patients with renal carcinoma (10), head and neck

cancer (11), melanoma (12), glioma (13), and BC. However, data

mining on BC and CRGs currently involves The Cancer Genome

Atlas (TCGA) database with a relatively short follow-up period, and

molecular subtype analysis is required. The relationship between

CRGs and the long-term prognosis of ER+ EBC remains unclear.

Herein, we first suggested a correlation between the CRG profile

and invasive disease-free survival (iDFS) or relapse-free survival

(RFS) in patients with ER+ EBC by performing a case-control study

at our hospital and a cohort study from publicly available datasets.

In the case-control study performed at the West China Hospital

(WCH), high expression of LIAS, LIPT1, and ATP7B and low

expression of CDKN2A significantly reduced the odds ratio (OR)

of iDFS in patients with ER+ EBC. For validation, we used pooled
02
data from three publicly available microarray studies (GSE42568,

GSE9195, and GSE20685). In this cohort, high expression of LIAS,

LIPT1, and ATP7B and low expression of CDKN2A significantly

reduced the hazard ratio (HR) of relapse of ER+ EBC. Moreover,

high expression of FDX1 and DLD, two molecules of the LA

pathway, and PDHB of the PDH complex significantly reduced

the HR for relapse. We then constructed a CRG score model in the

training set, which confirmed that a high CRG score could

significantly increase the risk of relapse in both training and

validation datasets. The nomogram comprising CRG score, lymph

node status, and age had an increased area under the receiver

operating characteristics (ROC) curve (AUC) at 7 years when

compared with that of the CRG score alone.

In brief, a novel nomogram comprising the CRG score and

clinical features could predict the 3-, 5-, and 7-year relapse risks of

ER+ EBC. Targeted enhancement of cuproptosis may be a potential

therapeutic strategy for patients with ER+ BC.
2 Materials and methods

2.1 WCH patients

Since 1989, patients with BC have been enrolled in the Breast

Cancer Management Information System of WCH, Sichuan

University (14). Physicians collected medical records, pathological

diagnoses, and treatment information. Between January 2008 and

April 2018, 7,784 females diagnosed with non-metastatic invasive

BC were prospectively followed up for clinical outcomes (15).

Patients with freshly frozen tumor and germline samples,

including blood or normal breast tissue, available during primary

surgery were eligible for study inclusion (N = 1462)
2.2 Case-control study of WCH

A matched extreme case-control design was employed (16).

Female patients diagnosed with EBC (stages I-III) who were

assessed for any iDFS endpoint at 7 years after diagnosis were

grouped into cases, and patients who survived without any iDFS

endpoint for at least 7 years were grouped into controls. One

control was randomly selected per case and individually matched

to the case of molecular subtype classified according to the St.

Gallen Consensus 2013, as previously described (15). Any local or
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regional relapse, distant metastasis, new primary tumors from any

site, cancer-specific death, or death from other causes were defined

as iDFS endpoints. Subsequently, samples from 222 patients were

RNA sequenced. Only ER+ samples were selected for further

analysis, and ER- samples were excluded. Sixty-three patients

were included in the case group and 62 in the control group. This

study was approved by the Clinical Test and Biomedical Ethics

Committee of the WCH, Sichuan University (No. 2019-16).
2.3 Pooled data from three mRNA
expression datasets, GSE42568, GSE9195,
and GSE20685

To verify the correlation between cuproptosis and patient

outcomes, we selected three GSE datasets (GSE42568, GSE9195, and

GSE20685) from the NCBI for Biotechnology Information Gene

Expression Omnibus (GEO). The data met the following criteria: 1.

Affymetrix Human Genome U133 Plus 2.0 Array; 2. provided ER

status, tumor size, T stage, lymph node status, N stage, and age of

patients with BC; 3. comprised at least 70 samples; 4. employed RFS as

the endpoint; 5. at least 80% of the relapse-free patients were followed

up for more than 5 years. In total, 508 samples from the three datasets

were downloaded from “https://www.ncbi.nlm.nih.gov/geo/”. We

excluded 164 samples owing to metastasis at diagnosis or ER-.

Overall, 344 patients were included in the subsequent analysis.
2.4 RNA sequencing data preparation

In the case-control study, RNA sequencing of frozen tumor

tissues was performed using the Illumina NovaSeq S6000 platform.

After quality control, reads were mapped to the reference genome

using Hisat2 v2.0.5, as previously described (15). To calculate the

fragments per kilobase of exons per million reads (FPKM) for gene

i, the following formula was used:

FPKMi =
qi

li ∗Sjqj
∗ 109

where qi is the raw read count, li is the gene length, and Sjqj
corresponded to the total number of mapped reads (17). All FPKM

data were then log2(x+1) transformed.
2.5 Microarray data preparation

The expression matrixes and clinical data for GSE42568,

GSE9195, and GSE20685 were downloaded from “https://

www.ncbi.nlm.nih.gov/geo”. The R package limma (v3.48.1) was

used to remove batch effects of these three GSE datasets, and

principal component analysis (PCA) of each sample was performed

before and after normalization. Each gene corresponded to a probe,

except for CDKN2A, which corresponded to three probes. The probe

with the highest normalized intensity averaged over all samples, was

used to represent the expression level of CDKN2A. RFS endpoints

were identical to iDFS endpoints, except for the occurrence of
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invasive contralateral BC, secondary primary invasive cancer, and

contralateral ductal carcinoma in situ (18).
2.6 Association between CRGs and iDFS in
the case-control study

We analyzed 13 CRGs from earlier studies: FDX1, LIAS, LIPT1,

DLD, DLAT, PDHA1, PDHB, MTF1, GLS, CDKN2A, SLC31A1,

ATP7A, and ATP7B (9, 19). Univariate and multivariate logistic

regression analyses were performed to determine the association

between individual CRG expression levels and iDFS endpoints.

Pearson or Spearman correlation coefficient (r) was used for

measuring the relationship between individual CRGs and

clinicopathological features, including T stage, N stage, ki67,

grade, and HER2 status in the WCH cohort.
2.7 Construction and validation of a
prognostic CRG score in the cohort study

Univariate and multivariate Cox analyses of RFS were performed

to screen for individual CRGs with prognostic values in the pooled

GSE dataset. Kaplan-Meier survival analysis was used to estimate the

RFS between the high- and low- CRGs expression groups. The

“survminer” R package (V0.4.9) provided a cut-off for facilitating

survival analysis. The 344 enrolled patients were randomly divided

into two sets (7:3), with 241 and 103 patients in the training and

validation sets, respectively. In the training set, CRGs with P<0.05 in

the multivariate Cox regression were subjected to LASSO-penalized

Cox regression analysis to construct a prognostic CRG score model

using the “glmnet” R package (v4.1). The hyperparameter lambda (l)
was chosen based on tenfold cross-validation with the slightest mean

squared error. Patient CRG scores were calculated according to the

normalized expression levels of each gene and corresponding

regression coefficients. The LASSO-penalized Cox regression

formula is as follows:

CRGs:score =on
i=1(bi � exp ression(genei)) (20)

bi represented the corresponding coefficient of a specific gene,

and the expression(genei) indicates the expression level of the

corresponding gene. The CRGs score for each patient could be

calculated according to the formula. ROC curve analysis was used to

assess the performance of the CRG score using the R package

“timeROC” (V0.4). Univariate and multivariate Cox analyses and

Kaplan-Meier survival analysis were performed to verify the

association between CRGs score and RFS in the training and

validation sets.
2.8 Construction and validation of a
prognostic nomogram based on
CRGs score

A nomogram model predicting RFS was developed based on

CRG scores and other clinical features, including lymph node status
frontiersin.org
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and age, in the training set using the R package “rms” (V6.3).

Univariate Cox and Kaplan-Meier survival analyses were performed

to verify the relationship between the nomogram points and RFS.

The ROC curve assessed the performance of the nomogram model

using the “timeROC” package in both the training and validation

sets. A comparison of ROCs was performed between the CRG score

and nomogram points using the “compare” function in the

“timeROC” package.

Statistical analyses were performed using R software (V4.1.0).

Statistical significance was set at P< 0.05.
3 Results

3.1 Study design

Figure 1 presents the flow chart of the study. Our study used

two datasets and two study designs to demonstrate the association

between CRGs and iDFS or RFS in patients with ER+ EBC. The

genes in dotted boxes represent overlapping genes associated with

iDFS or RFS in both datasets.
3.2 Characteristics of patients in the case-
control study

In the case-control study, 63 patients who experienced endpoint

events within 7 years were grouped into cases, and the other 62

patients were grouped into controls. The two groups had no

significant differences in menopause, age, T stage, N stage, grade,

ki67, progesterone receptor status, or treatment, according to the
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chi-square test. The control group had a higher proportion of

HER2-positive patients, given that the HER2 status of 8 patients

was uncertain in the case group. The average iDFS and overall

survival (OS) were 127.1 ± 15.2 and 127.1 ± 15.2 months in the

control group and 31.4 ± 22.5 and 62.5 ± 35.2 months in the case

group, respectively (Table 1).
3.3 CRG expression associated with iDFS in
the case-control study

In the case-control study, the higher expression level of LIAS

(OR = 0.14, 95% confidence interval [CI] 0.03–0.57, P = 0.008),

LITP1 (OR = 0.2, 95%CI 0.06–0.65, P = 0.01), and ATP7B (OR =

0.38, 95%CI 0.17–0.81, P = 0.016) was associated with a lower risk

of iDFS endpoints. However, higher T stage (OR = 1.75, 95%CI

1.04–3.14, P = 0.045), N stage (OR = 2.32, 95%CI 1.12–4.88,

P = 0.025), and CDKN2A expression (OR = 1.8, 95%CI 1.24–2.74,

P = 0.003) were associated with a higher risk of iDFS endpoints

(Figure 2A; Supplementary Table 1). Menopause, age, grade, ki67,

HER2 status, chemotherapy, radiotherapy, trastuzumab, and other

CRGs showed no association with iDFS endpoints (Figure 2A).

Adjusted for T stage and N stage, LIAS (OR = 0.18, 95%CI 0.04–

0.81, P = 0.025), LIPT1 (OR = 0.26, 95%CI 0.07–0.9, P = 0.034),

CDKN2A (OR = 1.73, 95%CI 1.16–2.59, P = 0.007), and ATP7B

(OR = 0.42, 95%CI 0.19–0.94, P = 0.035) were still associated with

iDFS endpoints (Figure 2B; Supplementary Table 2).

Furthermore, we noted the relationship between these four

genes and other clinicopathological features. LIAS was negatively

associated with N stage (R = -0.18, P = 0.041), tumor grade (R = -0.24,

P = 0.012), ki67 (R = -0.2, P = 0.029), and HER2 expression

(R = -0.35, P = 9E-5). LITP1 was negatively associated with T stage
FIGURE 1

Flow diagram of the patient selection and study design. The red-marked gene represents the gene that negatively hit cuproptosis. Black-marked
genes represent the genes that positively hit cuproptosis. WCH, West China Hospital; iDFS, invasive disease-free survival; ER, estrogen receptor;
CRGs, cuproptosis-related genes.
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(R = -0.2, P = 0.027), N stage (R = -0.16, P = 0.066, borderline

significance), grade (R = -0.31, P = 0.001), ki67 (R = -0.28, P = 0.002),

and HER2 levels (R = -0.32, P = 0.0004). CDKN2A expression was

positively associated with N stage (R = 0.19, P = 0.034) and ki67

(R = 0.18, P = 0.047). ATP7B expression was negatively associated

with T stage (R = -0.17, P = 0.06, borderline significance) (Figure 2C).
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3.4 Expression of CRGs associated with
RFS in the cohort study

In total, 344 patients were diagnosed with stage I-III ER-positive

BC using the GSE42568, GSE9195, and GSE20685 databases.

Supplemental Figure 1 shows the PCA of each sample before and
TABLE 1 Clinical and pathological features of 125 estrogen receptor positive invasive breast cancer patients in West China Hospital.

Features levels Control (N = 62) Case(N=63) p

menopause No 35 (56.5%) 32 (50.8%) 0.649

Yes 27 (43.5%) 31 (49.2%)

age <40y 13 (21%) 8 (12.7%) 0.319

≥40y 49 (79%) 55 (87.3%)

T stage 1 23 (37.1%) 12 (19%) 0.252

2 34 (54.8%) 43 (68.3%)

3 2 (3.2%) 3 (4.8%)

4 2 (3.2%) 4 (6.3%)

unknown 1 (1.6%) 1 (1.6%)

N status 0 31 (50%) 20 (31.7%) 0.055

1 19 (30.6%) 18 (28.6%)

2 8 (12.9%) 13 (20.6%)

3 4 (6.5%) 12 (19%)

grade 1 0 (0%) 1 (1.6%) 0.114

2 23 (37.1%) 15 (23.8%)

3 31 (50%) 43 (68.3%)

unknown 8 (12.9%) 4 (6.3%)

ki67 ≤10% 7 (11.3%) 4 (6.3%) 0.51

>10% 55 (88.7%) 59 (93.7%)

PR negative 54 (87.1%) 49 (77.8%) 0.257

positive 8 (12.9%) 14 (22.2%)

HER2 status negative 42 (67.7%) 36 (57.1%) 0.014*

positive 20 (32.3%) 19 (30.2%)

uncertain 0 (0%) 8 (12.7%)

chemotherapy No 1 (1.6%) 4 (6.3%) 0.371

Yes 61 (98.4%) 59 (93.7%)

radiotherapy No 36 (58.1%) 36 (57.1%) 1

Yes 26 (41.9%) 27 (42.9%)

Herceptin No 57 (91.9%) 58 (92.1%) 1

Yes 5 (8.1%) 5 (7.9%)

OS_bin 0 62 (100%) 33 (52.4%) <.001

1 0 (0%) 30 (47.6%)

iDFS_month Mean ± SD 127.1 ± 15.2 31.4 ± 22.5 <.001

OS_month Mean ± SD 127.1 ± 15.2 62.5 ± 35.2 <.001
frontie
rsin.org

https://doi.org/10.3389/fonc.2023.1111480
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Fan et al. 10.3389/fonc.2023.1111480
after normalization using the R package “limma.” Tumor size (HR =

1.6, 95%CI 1.1–2.2, P = 0.007) and lymph node status (HR = 3.8,

95%CI 2.3–6.3, P = 2.6E-07) were risk factors for relapse, and older

age (HR = 0.48, 95%CI 0.29-0.81, P = 0.006) was a protective factor

against relapse. Of identified CRGs, expression levels of LIAS (HR =

0.61,95%CI 0.41–0.9, P = 0.013), LITP1 (HR = 0.44, 95%CI 0.29–

0.66, P = 7.40E-05), CDKN2A (HR = 1.7, 95%CI 1.3–2.3, P =
Frontiers in Oncology 06
0.0001), ATP7B (HR = 0.75, 95%CI 0.58–0.98, P = 0.032), FDX1

(HR = 0.59, 95%CI 0.42–0.84, P = 0.003), DLD (HR = 0.59, 95%CI

0.42–0.83, P = 0.002), and PDHB (HR = 0.42, 95%CI 0.26-0.65, P =

0.0002) were associated with RFS (Figure 3A; Supplementary

Table 3). After adjusting for tumor size, lymph node status, and

age, these seven genes were still associated with the risk of relapse

(Figure 3B; Supplementary Table 4). The high expression of LIAS,
A

B

C

FIGURE 2

The association between CRGs and iDFS endpoints in WCH case-control study. (A) Univariate and (B) multivariate logistic regression analyses of
clinical features and CRGs for association with iDFS in the WCH cohort. (C) The relation of CRGs and the T stage, N stage, grade, ki67 and HER2
status. *, a p -value less than 0.05.
A C

B

FIGURE 3

The association between CRGs and RFS endpoints in the pooled cohort study. (A) Univariate and (B) multivariate cox regression of clinical features
and CRGs in pooled GSE data. (C) Kaplan-Meier survival analysis of CRGs. *, a p -value less than 0.05.
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LITP1, ATP7B, FDX1, DLD, and PDHB and the low expression of

CDKN2A were associated with longer RFS, as determined by the

Kaplan-Meier curve (Figure 3C). Collectively, five genes positively

affected cuproptosis, and one copper transporter gene decreased the

risk of relapse. However, one gene negatively impacting cuproptosis

may also increase the risk of relapse.
3.5 Construction CRGs score model in GSE
dataset and validation

Enrolled patients (n = 344) were randomly divided into two sets

(7:3): the training set (n = 241) and the validation set (n = 103). The

training and validation sets showed no significant differences in

clinical features or CRG expression (Supplementary Table 5).

LASSO-Cox regression analysis was used to establish a prognostic

model for the training set based on expression profiles of the seven

genes (Figure 4A). Seven gene signatures were determined based on

the optimal value (Figure 4B). The risk score was then calculated

based on the coefficient of each gene as follows:

CRGs.score = -FDX1*0.283 -LIAS*0.314 -LIPT1*0.428

-DLD*0.139 -PDHB*0.257 +CDKN2A*0.635 -ATP7B*0.275

According to the cut-off value of the CRG score calculated using

the R package “survminer,” patients were divided into the high CRG

score group and the low CRG score group in the training and

validation set. PCA revealed that patients in the different CRG score

groups were distributed in two directions (Figure 4C). As shown in

Figure 4D, the median survival time in the low and high CRG score

groups was 14.1 and 5.73 years, respectively, in the training set. The

HR of the low CRG score group was 0.21 (95%CI 0.13–0.35, P =

1.1E-9) when compared with that of the high CRG score group.

After adjustment for tumor size, lymph node status and age, the HR
Frontiers in Oncology 07
of low CRG score was 0.24 (95%CI 0.14–0.41, P = 1.07E-07). The

AUC value was used to evaluate the predictive performance of the

CRG score over time. For the training set, the AUC was 0.74 at 3

years, 0.74 at 5 years, and 0.75 at 7 years (Figure 5C, left, solid line).

In the validation set, the median survival time was not reached

(NR) and 6.59 years for the low and high CRG score groups,

respectively. The HR of the low CRG score group was 0.29 (95%CI

0.13–0.64, P = 0.002), determined by univariate Cox regression

analysis, and 0.23 (95%CI 0.1–0.52, P = 0.0005) by multivariate

Cox regression analysis. For the validation set, the AUC was 0.77 at 3

years, 0.74 at 5 years, and 0.56 at 7 years (Figure 5C, right, solid line).
3.6 Development and validation of a
predictive nomogram based on CRG score

Multivariate Cox analysis of the CRG score, age, tumor size, and

lymph node status was performed. Tumor size (P = 0.52) was not an

independent prognostic factor. The CRG score (P = 1.80E-09) and

lymph node status (P = 3.03E-06) were independent prognostic

factors, while age reached borderline significance as an independent

prognostic factor (P = 0.055).

Based on the multivariate analysis results, we developed a

nomogram model as an easy-to-use tool (Figure 5A). As shown in

(Figures 5B, C), the median RFS time of patients with low and

high nomogram points in the training set were 14.1 and 5.42 years,

respectively. The HR of patients with low nomogram points was

0.14 (95%CI 0.085–0.24, P = 2.4E-13). The AUC was 0.79 at 3

years, 0.82 at 5 years, and 0.81 at 7 years (Figure 5C left, dotted

line). Compared with the CRG score, the AUC values of the

nomogram at 5 (P = 0.002) and 7 years (P = 0.02) were

significantly improved.
D

A B C

FIGURE 4

CRGs score model construction and survival analyses. (A) LASSO cox regression analysis was used to establish a prognostic model in the training
group based on the expression profiles of 7 CRGs. (B) 7 gene signatures were determined based on the optimal value of l. (C) Principal component
analysis (PCA) showed patients in different CRGs score groups distribution. (D) Kaplan-Meier survival analysis of CRGs score in training (left) and
validation set (right).
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In the validation set, the median RFS time of patients with low

and high nomogram points were NR and 3.5 years, respectively, and

the HR of patients with low nomogram points was 0.17 (95%CI

0.079–0.38, P = 1.6E-05). The AUC was 0.82 at 3 years, 0.81 at 5

years, and 0.7 at 7 years, as shown in Figure 5C (right, dotted line).

Compared with the CRG score, the AUC value of the nomogram

points at 7 years (P = 0.03) significantly improved.
4 Discussion

In the present study, we employed two datasets and two study

designs to demonstrate the association between CRGs and iDFS or

RFS in patients with ER+ EBC. Considering patients from WCH

and pooled GSE data, expression of LIAS, LIPT1, CDKN2A, and

ATP7B correlated with patient endpoints, and the risk direction was

consistent. In addition, three other CRGs, i.e., FDX1, DLD, and

PDHB, were negatively associated with the risk of relapse in the GSE

cohort. We then used pooled patients with GSEs to construct the

CRG score model and a nomogram for RFS prediction. In the

training and validation sets, the relapse risk of the high CRG score

group, comprising the seven genes, was significantly higher than

that of the low CRG score group. We used the CRG score combined

with lymph node status and age to construct a nomogram and

found that the RFS in the high-point group was significantly shorter

than in the low-point group. The 7-year predicted AUC of the

nomogram points was higher than that of the CRG score alone. The

findings of the present study revealed the potential impact of CRGs

on the clinicopathological features and prognosis of patients with

ER+ EBC. Interestingly, five genes promoting cuproptosis were

positively correlated with prognosis, and one gene inhibiting

cuproptosis negatively correlated with prognosis, suggesting that

cuproptosis may be a protective mechanism that reduces relapse in
Frontiers in Oncology 08
patients with ER+ EBC. Furthermore, high levels of LA pathway

genes, including FDX1, LIAS, LIPT1, and DLD, correlated with

prolonged RFS, suggesting that targeting the LA pathway in

cuproptosis may be a potential therapeutic strategy in patients

with ER+ BC.

Cu is a mineral nutrient, and a growing number of studies have

confirmed the involvement of Cu in cell proliferation and death

pathways (21). Given the intrinsic oxidized-reduced properties, Cu

can be both beneficial and potentially toxic to cells. Cu is an

essential cofactor for enzymes that mediate basic cellular

functions, including mitochondrial respiration, antioxidant

defense, and hormone and neurotransmitter biosynthesis.

However, dysregulation of Cu storage can lead to oxidative stress

and cytotoxicity (22, 23). First defined by Golub et al., cuproptosis is

a new cell death pattern that reveals the critical mechanism through

which CRGs regulate copper death (9). Copper ionophores, such as

disulfide (24) and elesclomol (25) can induce oxidative stress by

suppressing natural antioxidant systems, such as the mitochondria,

thereby inducing copper death. However, research on cuproptosis

remains in the early stages of development, and specific regulatory

mechanisms in various cancers remain unexplored.

CRGs have been previously correlated with the prognosis of

patients with renal carcinoma (10), head and neck cancer (11),

melanoma (12), and glioma (13). Considering BC, Zhi et al. (26)

analyzed the TCGA database and found that patients with high

expression levels of ATP7A, DBT, DLAT, DLD, GLS, PDHA1, and

SLC31A1 had a poor prognosis. High expression levels of ATP7B,

LIPT1, and NLRP3 were associated with improved OS. Li et al.

(27) found that expression of SLC31A1, ATP7A, DLD, DLAT, and

DBT significantly increased the risk of death, as determined by

analyzing the TCGA database. Li et al. (19) analyzed the TCGA

database and found that DLAT, SLC31A1, ATP7A, and ATP7B

expression levels were significantly related to the OS of patients
A B

C

FIGURE 5

Nomogram model construction and survival analyses. (A) The Nomogram comprised the CRGs core, age, and lymph node status. (B) Kaplan-Meier
survival analysis of nomogram points in training (left) and validation set (right). (C) The area under the curve (AUC) of receiver operating
characteristics (ROC) of CRGs core and nomogram points model at 3-, 5- and 7- years in training (left) and validation (right) set.
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with BC. Furthermore, Li et al. (28) found that SLC31A1

expression and its related pathway genes could potentially

predict diagnosis, prognosis, and therapeutic response, as

determined by analyzing the TCGA database. Sha et al. (29)

analyzed a triple-negative subgroup of TCGA and found that

high expression of ATP7A, DLST, and LIAS was associated with

poor OS. Conversely, high expression levels of LIPT1 and PDHA1

indicated a good prognosis.

However, these studies have some limitations. First, the median

follow-up time of patients without relapse in the TCGA database

was 2.68 years for the ER+ subgroup. However, the relapse

probability of ER+ patients within 5 years was the same as that

after 5 years. Long-term follow-up of patients with ER+ BC is

necessary. Second, analyses of BC subgroups, such as ER+ or HER2,

are lacking in reported studies.

Herein, we used two independent long-term follow-up

databases and two study designs to analyze the correlation

between CRGs and outcomes in the ER+ subgroups and

constructed a relapse prediction nomogram. Among patients

enrolled at WCH, the control group had a median iDFS of 10.58

years. The median RFS of relapse-free patients was 7.3 years in the

pooled GSE data. Considering the relationship between DLD, LIAS,

and prognosis in TCGA, our findings contradict those reported in

earlier studies, which may be attributed to the follow-up time and

different molecular subgroups.

In our case-control study, the number of patients was limited.

Therefore, we identified fewer prognostic genes than those in the

pooled GSE data. In the cohort study, there were limited clinical

features in public datasets that could be included in the model

construction. Considering another limitation of our study, OS was

not used as an endpoint.

In conclusion, our study indicates that high expression of

positive hit genes (FDX1, LIAS, LIPT1, DLD, PDH1) and a

copper-transporting gene (ATP7B) and low expression of negative

hit genes (CDKN2A) related to cuproptosis can reduce the risk of

iDFS or RFS in patients with ER+EBC. In addition, the constructed

prognostic nomogram model had good predictive value for 7-year

RFS of patients with ER+EBC.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Ethics statement

The study involving human participants was conducted in

accordance with the Declaration of Helsinki and was reviewed

and approved by the Clinical Test and Biomedical Ethics

Committee of West China Hospital, Sichuan University (No.

2019-16). The patients/participants provided their written

informed consent to participate in this study
Frontiers in Oncology 09
Author contributions

YF: Literature review, statistical analysis and interpretation of

data, drafting of the manuscript, review of the manuscript for

important intellectual content and final approval of the version to

be submitted. YW, ZW, CW, CL and KH: Collection, preservation,

sorting and delivery of frozen specimens for sequencing and

approval of the version to be submitted. XZ: Clinical data

collection and collation, revision and approval of the version to

be submitted. HZ, DL and YPW: Study concept, review of the

manuscript for important intellectual content and final approval of

the version to be submitted. All authors contributed to the article

and approved the submitted version.
Funding

This work was supported by the Key Program of Science &

Technology Department of Sichuan Province (grant number:

2017SZ0005 to HZ) and the Key Research and Development

Projects of the Science & Technology Department of Sichuan

Province (grant number: 2019YFS0342 to YF).
Acknowledgments

The authors acknowledge the open access to the database

from GEO.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fonc.2023.1111480/

full#supplementary-material
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fonc.2023.1111480/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2023.1111480/full#supplementary-material
https://doi.org/10.3389/fonc.2023.1111480
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Fan et al. 10.3389/fonc.2023.1111480
References
1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA Cancer J Clin (2021) 71:209–49. doi: 10.3322/
caac.21660

2. Agarwal G, Pradeep PV, Aggarwal V, Yip CH, Cheung PS. Spectrum of breast
cancer in Asian women. World J Surg (2007) 31:1031–40. doi: 10.1007/s00268-005-
0585-9

3. Tang J, Cui Q, Zhang D, Liao X, Zhu J, Wu G. An estrogen receptor (ER)-related
signature in predicting prognosis of ER-positive breast cancer following endocrine
treatment. J Cell Mol Med (2019) 23:4980–90. doi: 10.1111/jcmm.14338

4. Early Breast Cancer Trialists' Collaborative G, Davies C, Godwin J, Gray R, Clarke
M, Cutter D, et al. Relevance of breast cancer hormone receptors and other factors to
the efficacy of adjuvant tamoxifen: patient-level meta-analysis of randomised trials.
Lancet (2011) 378:771–84. doi: 10.1016/S0140-6736(11)60993-8

5. Cuzick J, Sestak I, BaumM, Buzdar A, Howell A, DowsettM, et al. Effect of anastrozole
and tamoxifen as adjuvant treatment for early-stage breast cancer: 10-year analysis of the
ATAC trial. Lancet Oncol (2010) 11:1135–41. doi: 10.1016/S1470-2045(10)70257-6

6. Ruiz LM, Libedinsky A, Elorza AA. Role of copper on mitochondrial function and
metabolism. Front Mol Biosci (2021) 8:711227. doi: 10.3389/fmolb.2021.711227

7. Li SR, Bu LL, Cai L. Cuproptosis: lipoylated TCA cycle proteins-mediated novel
cell death pathway. Signal Transduct Target Ther (2022) 7:158. doi: 10.1038/s41392-
022-01014-x

8. Zhao J, Guo S, Schrodi SJ, He D. Cuproptosis and cuproptosis-related genes in
rheumatoid arthritis: implication, prospects, and perspectives. Front Immunol (2022)
13:930278. doi: 10.3389/fimmu.2022.930278

9. Tsvetkov P, Coy S, Petrova B, Dreishpoon M, Verma A, Abdusamad M, et al.
Copper induces cell death by targeting lipoylated TCA cycle proteins. Science (2022)
375:1254–61. doi: 10.1126/science.abf0529

10. Long S, Wang Y, Chen Y, Fang T, Yao Y, Fu K. Pan-cancer analysis of
cuproptosis regulation patterns and identification of mTOR-target responder in clear
cell renal cell carcinoma. Biol Direct (2022) 17:28. doi: 10.1186/s13062-022-00340-y

11. Huang J, Xu Z, Yuan Z, Cheng L, Zhou C, Shen Y. Identification of cuproptosis-
related subtypes and characterization of the tumor microenvironment landscape in
head and neck squamous cell carcinoma. J Clin Lab Anal (2022) 36:e24638.
doi: 10.1002/jcla.24638

12. Lv H, Liu X, Zeng X, Liu Y, Zhang C, Zhang Q, et al. Comprehensive analysis of
cuproptosis-related genes in immune infiltration and prognosis in melanoma. Front
Pharmacol (2022) 13:930041. doi: 10.3389/fphar.2022.930041

13. Wang W, Lu Z, Wang M, Liu Z, Wu B, Yang C, et al. The cuproptosis-related
signature associated with the tumor environment and prognosis of patients with
glioma. Front Immunol (2022) 13:998236. doi: 10.3389/fimmu.2022.998236

14. Fan Y, Xie G, Wang Z, Wang Y, Wang Y, Zheng H, et al. PTEN promoter
methylation predicts 10-year prognosis in hormone receptor-positive early breast
cancer patients who received adjuvant tamoxifen endocrine therapy. Breast Cancer
Res Treat (2022) 192:33–42. doi: 10.1007/s10549-021-06463-6

15. Hu K, Wang C, Luo C, Zheng H, Song H, Bergstedt J, et al. Neuroendocrine
pathways and breast cancer progression: a pooled analysis of somatic mutations and
gene expression from two large breast cancer cohorts. BMC Cancer (2022) 22:680.
doi: 10.1186/s12885-022-09779-8
Frontiers in Oncology 10
16. Salim A, Ma X, Fall K, Andren O, Reilly M. Analysis of incidence and prognosis
from 'extreme' case-control designs. Stat Med (2014) 33:5388–98. doi: 10.1002/
sim.6245

17. Zhao Y, Li MC, Konate MM, Chen L, Das B, Karlovich C, et al. TPM, FPKM, or
normalized counts? a comparative study of quantification measures for the analysis of
RNA-seq data from the NCI patient-derived models repository. J Transl Med (2021)
19:269. doi: 10.1186/s12967-021-02936-w

18. Gourgou-Bourgade S, Cameron D, Poortmans P, Asselain B, Azria D, Cardoso
F, et al. Guidelines for time-to-event end point definitions in breast cancer trials: results
of the DATECAN initiative (Definition for the assessment of time-to-event endpoints
in CANcer trials). Ann Oncol Off J Eur Soc Med Oncol (2015) 26:2505–6. doi: 10.1093/
annonc/mdv478

19. Li L, Li L, Sun Q. High expression of cuproptosis-related SLC31A1 gene in
relation to unfavorable outcome and deregulated immune cell infiltration in breast
cancer: an analysis based on public databases. BMC Bioinf (2022) 23:350. doi: 10.1186/
s12859-022-04894-6

20. Chu J, Sun N, Hu W, Chen X, Yi N, Shen Y. Bayesian Hierarchical lasso cox
model: a 9-gene prognostic signature for overall survival in gastric cancer in an Asian
population. PloS One (2022) 17:e0266805. doi: 10.1371/journal.pone.0266805

21. Ge EJ, Bush AI, Casini A, Cobine PA, Cross JR, DeNicola GM, et al. Connecting
copper and cancer: from transition metal signalling to metalloplasia. Nat Rev Cancer
(2022) 22:102–13. doi: 10.1038/s41568-021-00417-2

22. Kardos J, Heja L, Simon A, Jablonkai I, Kovacs R, Jemnitz K. Copper signalling:
causes and consequences. Cell Commun Signal (2018) 16:71. doi: 10.1186/s12964-018-
0277-3

23. Maung MT, Carlson A, Olea-Flores M, Elkhadragy L, Schachtschneider KM,
Navarro-Tito N, et al. The molecular and cellular basis of copper dysregulation and its
relationship with human pathologies. FASEB J (2021) 35:e21810. doi: 10.1096/
fj.202100273RR

24. Allensworth JL, Evans MK, Bertucci F, Aldrich AJ, Festa RA, Finetti P, et al.
Disulfiram (DSF) acts as a copper ionophore to induce copper-dependent oxidative
stress and mediate anti-tumor efficacy in inflammatory breast cancer.Mol Oncol (2015)
9:1155–68. doi: 10.1016/j.molonc.2015.02.007

25. Zheng PJ, Zhou CT, Lu LY, Liu B, Ding YM. Elesclomol: a copper ionophore
targeting mitochondrial metabolism for cancer therapy. J Exp Clin Canc Res (2022)
41:271. doi: 10.1186/s13046-022-02485-0

26. Li Z, Zhang H, Wang X, Wang Q, Xue J, Shi Y, et al. Identification of
cuproptosis-related subtypes, characterization of tumor microenvironment
infiltration, and development of a prognosis model in breast cancer. Front Immunol
(2022) 13:996836. doi: 10.3389/fimmu.2022.996836

27. Li J, Wu F, Li C, Sun S, Feng C, Wu H, et al. The cuproptosis-related signature
predicts prognosis and indicates immune microenvironment in breast cancer. Front
Genet (2022) 13:977322. doi: 10.3389/fgene.2022.977322

28. Li X, Ma Z, Mei L. Cuproptosis-related gene SLC31A1 is a potential predictor for
diagnosis, prognosis and therapeutic response of breast cancer. Am J Cancer Res (2022)
12:3561–80.

29. Sha S, Si L, Wu X, Chen Y, Xiong H, Xu Y, et al. Prognostic analysis of
cuproptosis-related gene in triple-negative breast cancer. Front Immunol (2022)
13:922780. doi: 10.3389/fimmu.2022.922780
frontiersin.org

https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://doi.org/10.1007/s00268-005-0585-9
https://doi.org/10.1007/s00268-005-0585-9
https://doi.org/10.1111/jcmm.14338
https://doi.org/10.1016/S0140-6736(11)60993-8
https://doi.org/10.1016/S1470-2045(10)70257-6
https://doi.org/10.3389/fmolb.2021.711227
https://doi.org/10.1038/s41392-022-01014-x
https://doi.org/10.1038/s41392-022-01014-x
https://doi.org/10.3389/fimmu.2022.930278
https://doi.org/10.1126/science.abf0529
https://doi.org/10.1186/s13062-022-00340-y
https://doi.org/10.1002/jcla.24638
https://doi.org/10.3389/fphar.2022.930041
https://doi.org/10.3389/fimmu.2022.998236
https://doi.org/10.1007/s10549-021-06463-6
https://doi.org/10.1186/s12885-022-09779-8
https://doi.org/10.1002/sim.6245
https://doi.org/10.1002/sim.6245
https://doi.org/10.1186/s12967-021-02936-w
https://doi.org/10.1093/annonc/mdv478
https://doi.org/10.1093/annonc/mdv478
https://doi.org/10.1186/s12859-022-04894-6
https://doi.org/10.1186/s12859-022-04894-6
https://doi.org/10.1371/journal.pone.0266805
https://doi.org/10.1038/s41568-021-00417-2
https://doi.org/10.1186/s12964-018-0277-3
https://doi.org/10.1186/s12964-018-0277-3
https://doi.org/10.1096/fj.202100273RR
https://doi.org/10.1096/fj.202100273RR
https://doi.org/10.1016/j.molonc.2015.02.007
https://doi.org/10.1186/s13046-022-02485-0
https://doi.org/10.3389/fimmu.2022.996836
https://doi.org/10.3389/fgene.2022.977322
https://doi.org/10.3389/fimmu.2022.922780
https://doi.org/10.3389/fonc.2023.1111480
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	A nomogram based on cuproptosis-related genes predicts 7-year relapse-free survival in patients with estrogen receptor-positive early breast cancer
	1 Introduction
	2 Materials and methods
	2.1 WCH patients
	2.2 Case-control study of WCH
	2.3 Pooled data from three mRNA expression datasets, GSE42568, GSE9195, and GSE20685
	2.4 RNA sequencing data preparation
	2.5 Microarray data preparation
	2.6 Association between CRGs and iDFS in the case-control study
	2.7 Construction and validation of a prognostic CRG score in the cohort study
	2.8 Construction and validation of a prognostic nomogram based on CRGs score

	3 Results
	3.1 Study design
	3.2 Characteristics of patients in the case-control study
	3.3 CRG expression associated with iDFS in the case-control study
	3.4 Expression of CRGs associated with RFS in the cohort study
	3.5 Construction CRGs score model in GSE dataset and validation
	3.6 Development and validation of a predictive nomogram based on CRG score

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


