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Purpose: Enolase-1 (ENO1) plays a key role in malignancies. Previous studies on the association between ENO1 expression and 
breast cancer prognosis had yielded inconsistent results. In the present study, we assessed the prognostic effect of ENO1 in breast 
cancer using Guangzhou Breast Cancer Study (GZBCS) cohort with full consideration of the potential confounders and the 
modification effects. The results were further validated in the TCGA-BRCA cohort and explained by tumor immunity.
Methods: ENO1 protein expressions were evaluated by immunohistochemistry in tissue microarrays from 961 patients with primary 
invasive breast cancer. Chi-square tests were used to assess the association of ENO1 levels with the patient’s characteristics. Cox 
regression models were applied to assess the prognostic effects. The TCGA-BRCA cohort was utilized to validate the results and 
explore the potential mechanisms. The immune infiltration was determined using the CIBERSORT and ssGSEA algorithms; the 
correlation between ENO1 expression and the abundance of tumor-infiltrating immune cells (TIICs) and scores of immune-related 
functions was evaluated by Wilcoxon signed-rank tests and Spearman’s rank test.
Results: ENO1 protein expression exerted a protective effect on OS in stage I/II patients (HR=0.58, 95% CI: 0.35–0.96) but not in 
stage III patients (HR=1.42, 95% CI: 0.81–2.49, P interaction=0.04) in GZBCS; consistent results were obtained at mRNA levels in 
TCGA cohort. Immune infiltration analyses revealed that ENO1 was positively correlated with multiple antitumor TIICs (including 
M1 macrophages, B cells, CD8 T cells, T helper 2 cells, and NK cells) only in stage I/II but not stage III patients.
Conclusion: A higher expression of ENO1 was associated with a better prognosis only in early-stage breast cancer, which may be 
related to the different effects of ENO1 on immune infiltration, suggesting that ENO1 may be a promising target for precision 
immunotherapy in breast cancer.
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Introduction
Breast cancer is the most prevalent malignancy and the leading cause of cancer death in women worldwide.1 After its 
diagnosis, the most immediate challenge is to tailor treatment strategies and predict the prognosis; traditional clinico-
pathologic features, including estrogen receptor (ER), progesterone receptor (PR), human epidermal growth factor 
receptor 2 (HER2), etc, provided relatively effective biomarkers.2 However, it is widely believed that these factors 
alone are not sufficient for optimal patient management; patients with the same characters (such as ER+) would 
differently respond to the treatment and have various prognosis.3–5 Therefore, more biomarkers are needed to precisely 
determine treatment strategy and predict prognosis for breast cancer.

Enolase-1 (ENO1) is generally recognized to be a glycolytic enzyme catalyzing the conversion of 2-phospho- 
D-glycerate to phosphoenolpyruvate in the glycolytic pathway6 and be a key contributor to the Warburg effect, 
a phenomenon in which cancer cells rely on the energy supply of aerobic glycolysis to promote growth, survival, and 
proliferation.7 However, it was also found that ENO1 had a role in antitumor immunity in certain tumors, such as 
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pancreatic cancer,8,9 non-small cell lung cancer,10 and breast cancer,11–13 and was a promising target for 
immunotherapy.14,15 The associations of ENO1 expression level in tumor tissues with the prognosis varied in different 
tumor types: there was a negative relation in gastric cancer,16 colorectal cancer,17 and hepatocellular carcinoma,18 but 
a positive relationship in endometrial cancer,19 non-small cell lung cancer,20 and clear cell renal cell carcinoma.21

For breast cancer, two previous studies applied public databases to analyze the association between ENO1 expression 
levels in the tissues and the prognosis. Cancemi et al22 found in the Kaplan–Meier plotter (http://kmplot.com/analysis/) 
that a high ENO1 expression level was associated with a poor survival; Xu et al23 reported a null association between the 
expression and the prognosis in the GEPIA database (http://gepia.cancer-pku.cn/). Due to limited information in the 
databases, both studies were unable to consider the confounding of clinicopathological characteristics which may distort 
the results.

In the present study, we performed an immunohistochemical analysis of tissue microarrays from patients in 
Guangzhou Breast Cancer Study (GZBCS) cohort to assess the prognostic effect of ENO1 in breast cancer with full 
consideration of the potential confounders and the modification effects. The results were then validated in the TCGA- 
BRCA cohort. Furthermore, we performed immune infiltration analyses to explore the potential mechanisms.

Materials and Methods
Subjects
The subjects were a subgroup from the GZBCS cohort, as described elsewhere.24 Briefly, a total of 1063 females with 
pathologically diagnosed primary invasive breast cancer and >1 cm of tumor size in diameter were recruited between 
January 2008 and December 2015 from the Cancer Center of Sun Yat-sen University in Guangzhou, China. The study 
was approved by the Ethics Committee of the School of Public Health, Sun Yat-sen University. All participants provided 
written informed consent. Patients with stage I–III breast cancer and those with available ENO1 expression information 
were eligible for this study (N=975). A total of 961 cases of the included patients were successfully followed up until 
December 31, 2021.

Baseline Information Collection and Follow-Up
Baseline demographic characteristics were collected by trained investigators in face-to-face interviews using structured 
questionnaires. Body mass index (BMI) and clinicopathologic characteristics at baseline were collected from medical 
records. Patients were followed up by phone calls or outpatient visits every 3 months in the first year, every 6 months in 
the second and third year after diagnosis, and annually thereafter. Overall survival (OS) was defined as the time from 
diagnosis to death and progression-free survival (PFS) was defined as the time from diagnosis to disease progression 
including recurrence, metastasis, and death. Survival status was censored at the latest follow-up date.

Construction of Tissue Microarray (TMA) and Immunohistochemistry (IHC)
TMA construction and IHC staining were carried out according to standard procedure, the details of which we have 
previously described.25 Briefly, tissue cylinders with a diameter of 1 mm were punched out of the corresponding paraffin 
block as donor block and placed into the TMA paraffin block. After dewaxing, hydration, and antigen retrieval (Target 
Retrieval; Dako pH 6.0), slides were incubated in rabbit monoclonal (EPR 19758) to ENO1 (ab 227978, diluted 1:3000, 
Abcam) and labeled with the EnVision Detection System (Peroxidase/Diaminobenzidine, Rabbit/Mouse) (Dako K5007).

IHC stained sections were digitally imaged using Pannoramic Scanner and CaseViewer software. IHC staining was 
analyzed by an experienced pathologist and scored for staining intensity (0 – no staining, 1 – weak, 2 – moderate, and 3 – 
strong, as shown in Figure 1A–D) and percentage of tumor cell staining (0–100). Multiplying staining intensity with 
percentages yields an H-score ranging from 0 to 300. The mean value of the H-score from duplicate cores was taken.

Validation of the ENO1’prognostic Effect in TCGA-BRCA Cohort
To validate the prognostic effect of ENO1 in breast cancer, we downloaded publicly available gene expression profiles 
(workflow type: HTSeq-FPKM) and corresponding clinical information from The Cancer Genome Atlas Breast Invasive 

https://doi.org/10.2147/JIR.S396321                                                                                                                                                                                                                                    

DovePress                                                                                                                                                 

Journal of Inflammation Research 2023:16 494

Shi et al                                                                                                                                                                Dovepress

Powered by TCPDF (www.tcpdf.org)

http://kmplot.com/analysis/
http://gepia.cancer-pku.cn/
https://www.dovepress.com
https://www.dovepress.com


Carcinoma (TCGA-BRCA, https://portal.gdc.cancer.gov/, accessed in February 2022). Patients with stage I–III breast 
cancer with complete gene expression profiles and survival information were included in the study (N=1034). Then, 
FPKM values were transformed into transcripts per kilobase million (TPM) values for subsequent analysis.

Immune Infiltration Analysis
To explore the potential role of ENO1 in the tumor immunity of breast cancer patients, we evaluated the association between 
ENO1 expression and immune infiltration in the TCGA-BRCA cohort. Cell-type identification by estimating relative subsets of 
RNA transcripts (CIBERSORT)26 algorithm can accurately determine the composition of 22 types of tumor-infiltrating immune 
cells (TIICs) in tissues based on a “signature matrix” of 547 genes. First, we uploaded the standardized processed expression data 
to the CIBERSORT website (https://cibersortx.stanford.edu/index.php), selected LM22, set the number of iterations to 1000, and 
analyzed the results. Then using R package GSVA, single-sample gene set enrichment analysis (ssGSEA)27 algorithm was 
performed to calculate the scores of infiltrating immune cells and to evaluate the activity of immune-related pathways based on 
29 immune gene sets.

Statistical Analysis
The median was used as the cut-off value to divide ENO1 H-score and mRNA expression into high and low levels. Chi-square 
tests were used to analyze the association between ENO1 level and patient characteristics. Cox regression models were used to 
estimate the hazard ratios (HR) and 95% confidence interval (CI). Stratified analysis was further performed to assess the 
modification effects of clinicopathological characteristics on the association of ENO1 expression with breast cancer prognosis. 
Wilcoxon signed-rank tests and Spearman’s rank correlation tests were used to examine the correlation between immune 
infiltration and ENO1 expression. All analyses were conducted using R 3.6.2 and a two-sided P-value below 0.05 was considered 
statistical significance.

This study followed the reporting recommendations for tumor marker prognostic studies (REMARK) criteria.28

Results
Demographic and Clinicopathological Characteristics of the GZBCS Cohort
More than half of the women included were between 36 and 50 years of age at diagnosis (65.9%), premenopausal 
(58.0%), and between 18.5 and 23.9 kg/m2 of BMI (56.4%). The majority of the women were diagnosed with low 
histological grade (grade I/II: 73.3%), early clinical stage (stage I/II: 72.2%), ER-positive (73.2%), PR-positive (72.3%), 
or HER2-negative (66.7%) (Table 1).

Figure 1 Representative images were shown for IHC staining intensity of ENO1 in breast cancer tissues. (A) No staining, (B) weak, (C) moderate, and (D) strong.
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ENO1 Protein Expression in Breast Cancer Tissues and the Association with 
Demographic and Clinicopathological Characteristics
As shown in Table 1, there were 470 patients with low ENO1 expression and 491 patients with high ENO1 expression. 
Patients with high-level ENO1 expression were more likely to have grade III, ER-negative, PR-negative, and HER2- 
positive tumors than the subjects with low ENO1.

Prognostic Effect of ENO1 Protein Expression on Breast Cancer and the Modification 
Effects of Clinical Stage
Of all the 961 women included in the survival analysis, 137 died and 215 experienced disease progression with 
a median follow-up time of 80.98 months. ENO1 expression was not statistically significantly associated with breast 
cancer prognosis in the whole subjects. When stratified by clinical stage, however, we observed that a high ENO1 
expression was significantly associated with a lower risk of death among stage I/II patients (HR=0.58, 95% CI: 
0.35–0.96) while there was an inverse association among stage III patients (HR=1.42, 95% CI: 0.81–2.49); the 
interaction was significant (P interaction=0.04). Similar results were observed for PFS (Table 2). We further 
conducted the stratified analyses by histological grade, ER, and HER-2 status, and there were no differential effects 
between the strata (Supplemental Tables 1–3).

Table 1 Demographic and Clinicopathological Characteristics and the Associations with ENO1 
Protein Expression in Breast Cancer Tissue

Factors Total N = 961 ENO1 H-Score P

Low (n=470) High (n=491)

Age (years) 0.96
≤35 94 (22.4) 45 (9.6) 49 (10.0)

36–50 460 (65.9) 225 (47.9) 235 (48.1)

≥51 405 (11.7) 200 (42.6) 205 (41.9)
Missing 2 0 2

Menopause 0.88

Pre 534 (58.0) 264 (58.4) 270 (57.7)
Post 386 (42.0) 188 (41.6) 198 (42.3)

Missing 41 18 23

BMI (kg/m2) 0.85
<18.5 47 (5. 2) 25 (5.6) 22 (4.7)

18.5–23.9 514 (56.4) 252 (56.2) 262 (56.5)
≥24 351 (38.5) 171 (38.2) 180 (38.8)

Missing 49 22 27

Nodal status 0.92
No 432 (45.0) 210 (44.7) 222 (45.2)

Yes 529 (55.0) 260 (55.3) 269 (54.8)

Size (cm) 0.66
<2 291 (30.3) 139 (29.6) 153 (31.2)

≥2 668 (69.7) 330 (70.4) 338 (68.8)

Missing 2 1 1
Ki-67 (%) 0.63

≤14 209 (29.0) 105 (30.0) 104 (28.1)

>14 511 (71.0) 245 (70.0) 266 (71.9)
Missing 241 120 121

(Continued)
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Association of ENO1 Expression at the mRNA Level with Breast Cancer Prognosis 
Varied by Clinical Stage
To validate our results, we examined the association between ENO1 mRNA expression level and breast cancer prognosis 
in the TCGA-BRCA cohort. Clinicopathological characteristics and the association with ENO1 expression in the TCGA- 
BRCA cohort were overall consistent with that in our cohort (Supplemental Table 4). Similarly, the stratified analysis 
showed that the clinical stage significantly modified the association between ENO1 expression and OS (P interaction 
<0.01); as shown in Table 3, a high mRNA level of ENO1 was marginally significantly associated with a better OS 

Table 1 (Continued). 

Factors Total N = 961 ENO1 H-Score P

Low (n=470) High (n=491)

Histological grade <0.01
I/II 648 (73.3) 346 (79.5) 302 (67.3)
III 236 (26.7) 89 (20.5) 147 (32.7)

Missing 77 35 42

Clinical stage 0.57
I/II 694 (72.2) 335 (71.3) 359 (73.1)

III 267 (27.8) 135 (28.7) 132 (26.9)

ER <0.01
Negative 247 (26.8) 84 (18.7) 163 (34.5)

Positive 675 (73.2) 366 (81.3) 309 (65.5)

Missing 39 20 19
PR <0.01

Negative 255 (27.7) 100 (22.2) 155 (32.8)

Positive 667 (72.3) 350 (77.8) 317 (67.2)
Missing 39 20 19

HER-2 <0.01
Negative 641 (66.7) 327 (69.6) 314 (64.0)
Equivocal 82 (8.5) 47 (10.0) 35 (7.1)

Positive 238 (24.8) 96 (20.4) 142 (28.9)

Note: Bold characters indicate statistically significant result.

Table 2 Association of ENO1 Protein Expression in Breast Cancer Tissue and Prognosis Stratified by Clinical Stage

ENO1 Expression OS PFS

Events/Total Crude HR  
(95% CI)

Adjusted HR  
(95% CI)a

Events/Total Crude HR  
(95% CI)

Adjusted HR  
(95% CI)a

Overall
Low 73/470 1.00 (reference) 1.00 (reference) 115/470 1.00 (reference) 1.00 (reference)

High 64/491 0.89 (0.63, 1.24) 0.82 (0.57, 1.18) 100/491 0.87 (0.67, 1.14) 0.81 (0.61, 1.09)

Stage I/II
Low 44/335 1.00 (reference) 1.00 (reference) 72/335 1.00 (reference) 1.00 (reference)

High 30/359 0.63 (0.40, 1.00) 0.58 (0.35, 0.96) 53/359 0.68 (0.48, 0.97) 0.65 (0.44, 0.96)
Stage III

Low 29/135 1.00 (reference) 1.00 (reference) 43/135 1.00 (reference) 1.00 (reference)

High 34/132 1.49 (0.91, 2.45) 1.42 (0.81, 2.49) 47/132 1.36 (0.90, 2.05) 1.26 (0.80, 2.00)
P interaction – 0.01 0.04 – 0.01 0.06

Notes: aAdjusted for age at diagnosis, histological grade, ER and HER2 status. Bold characters indicate statistically significant result.
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among stage I/II patients (HR=0.48, 95% CI: 0.21–1.09) but not among stage III patients (HR=1.40, 95% CI: 0.41–4.41). 
No modification effects were observed for ER or HER2 status (Supplemental Tables 5 and 6).

Association of ENO1 Expression with Immune Infiltration
The CIBERSORT and ssGSEA algorithms were employed within stage I/II and stage III samples to investigate the 
correlation of ENO1 expression with immune cells and immune functions. CIBERSORT analysis demonstrated that 14 
types of TIICs were associated with ENO1 expression within stage I/II patients (Figure 2A). To be specific, seven types 
of TIICs (ie, CD4 memory-activated T cells, T follicular helper cells, regulatory T cells, macrophage M0, macrophage 
M1, activated dendritic cells, and resting NK cells) were positively related to ENO1 expression; seven TIICs types were 
negatively correlated with ENO1 expression, including plasma cells, CD4 memory resting T cells, naive B cells, resting 
dendritic cells, macrophage M2, resting mast cells and monocytes. In stage III patients (Figure 2B), those with elevated 
ENO1 levels had more CD4 memory-activated T cells, T follicular helper cells, and macrophage M0, but fewer plasma 
cells, CD4 memory resting T cells, naive B cells, resting mast cells, and monocytes compared with those with ENO1 
low-expressing. The results of ssGSEA analysis (Table 4) showed that ENO1 expression was associated with almost all 
immune cells and immune functions in stage I/II but not stage III patients. In particular, several antitumor immune- 
related terms, including B cells, CD8 T cells, T helper 2 (Th2) cells, NK cells, cytolytic activity, human leukocyte antigen 
(HLA), major histocompatibility complex (MHC) class I, parainflammation, and type I IFN responses were positively 
correlated with ENO1 expression only in stage I/II patients (All Spearman’s rho >0, P<0.05).

Discussion
In the present study, we found that ENO1 protein expression exerted a protective effect on survival in stage I/II breast 
cancer patients, while this protective effect disappeared in stage III patients. The results were subsequently confirmed in 
mRNA levels within the TCGA-BRCA cohort. Furthermore, immune infiltration analyses showed that the correlation of 
ENO1 expression with immune-related functions and immune infiltration differed in patients of different stages.

For the relationship of ENO1 expression in breast cancer with the prognosis, Xu et al23 revealed a null association and 
Cancemi et al22 found a negative association, which were not consistent with our result. One possible reason was that the 
proportions of patients’ clinical stages varied in different studies, as we found that the association between ENO1 
expression and breast cancer prognosis varied by clinical stage. Unfortunately, we could not confirm this assumption due 
to the lack of information on the clinical stage of the subjects in the previous two studies. Nevertheless, our results, 
a beneficial marker of ENO1 only for early breast cancer patients, were mutually verified at a protein level in our cohort 
and an mRNA level in the TCGA-BRCA cohort.

Table 3 Association of ENO1 mRNA Expression with OS in TCGA-BRCA Cohort 
Stratified by Clinical Stage

ENO1 Expression Events/Total Crude HR (95% CI) Adjusted HR (95% CI)a

Overall
Low 35/517 1.00 (reference) 1.00 (reference)

High 51/517 1.18 (0.77, 1.82) 0.84 (0.45, 1.58)
Stage I/II

Low 25/390 1.00 (reference) 1.00 (reference)

High 32/401 0.99 (0.59, 1.68) 0.48 (0.21, 1.09)
Stage III

Low 10/127 1.00 (reference) 1.00 (reference)
High 19/116 1.81 (0.83, 3.92) 1.40 (0.41, 4.73)

P interaction – 0.38 <0.01

Notes: aAdjusted for age at diagnosis, race, ER and HER2 status. Bold character indicates statistically significant 
result.
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As previously mentioned, given the close relationship between ENO1 and tumor immunity, we performed immune 
analyses (ssGSEA and CIBERSORT) to explore differences in the immune infiltration between the high- and low-ENO1 
expression groups in patients with different stages. CIBERSORT analysis showed that ENO1 expression was positively 
correlated with infiltration of M1 macrophages and negatively correlated with infiltration of resting dendritic cells and 
M2 macrophages in stage I/II patients, while these correlations disappeared in stage III patients. Resting dendritic cells 
can down-regulate T cell immune response by upregulating immune checkpoints including PD-L1 and CTLA-4,29,30 and 
M2 macrophages can produce immunosuppressive cytokines, both of which possess pro-tumor activity, whereas M1 
macrophages have antitumor activity.31,32 Furthermore, ssGSEA analysis also showed that some cells that play an 
important role in antitumor immune response, such as B cells,33 CD8 T cells,34 Th2 cells,35 and NK cells,36 were 
positively associated with ENO1 only in early-stage patients. These results were supported by previous findings that 

Figure 2 Correlation between ENO1 expression and immune cell infiltration in stage I/II (A) and stage III (B) breast cancer patients. *P<0.05, **P<0.01, ****P<0.0001.
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ENO1, as a tumor antigen, can exert an antitumor effect by eliciting integrated humoral and cellular immune responses 
and forming a specific tumor immune microenvironment.14,37,38 Interestingly, some antigenic peptide presentation-related 
molecules,39,40 such as HLA and MHC class I, were shown in our study to be positively associated with ENO1 only in 
early-stage patients. Thus, in patients with early-stage breast cancer, a high expression of ENO1 was associated with 
a favorable prognosis, which may be mediated by activating an antitumor immune response and affecting immune 
infiltration. However, with the progression of breast tumors, tumor immunity is inhibited by multiple mechanisms, such 
as the upregulation of immune checkpoints,41 and the downregulation of antigenic peptide presentation-related 
molecules,42 especially in patients with advanced-stage breast cancer,43,44 such that ENO1 alone is unable to mobilize 
antitumor immunity and may need to be combined with immune checkpoint inhibitors.45,46

We found that a higher ENO1 level was associated with some of the traditionally more aggressive characteristics of 
breast cancer, such as a higher histological grade, ER and PR negativity, and HER2 positivity, which was consistent with 
the results of other studies.47–49 However, this finding seemed contradictory to our subsequent result that ENO1 
expression exerted a protective effect on survival. One possible reason is that these clinicopathological features (ER, 
PR, and HER2) have a limited impact on prognosis. ER-negative tumors have a worse prognosis than ER-positive 
tumors, due in large part to the latter receiving hormonal therapy. Previous studies have shown that ER was not an 
independent prognostic factor, but more a predictor of endocrine therapy.50,51 In addition, a recent study showed that 

Table 4 Association Between ENO1 Expression with the Enrichment Scores of 29 Immune-Related 
Terms Evaluated Based on ssGSEA in Different Stage Patients

Characteristics Stage I/II Stage III

Spearman’s rho P Spearman’s rho P

aDCs 0.38 <0.01 0.27 <0.01
APC co-inhibition 0.30 <0.01 0.19 <0.01
APC co-stimulation 0.34 <0.01 0.25 <0.01
B cells 0.10 0.01 0.01 0.84
CCR 0.34 <0.01 0.25 <0.01
CD8 T cells 0.10 <0.01 0.00 0.95

Check point 0.31 <0.01 0.24 <0.01
Cytolytic activity 0.21 <0.01 0.07 0.29

DCs 0.30 <0.01 0.27 <0.01
HLA 0.24 <0.01 0.10 0.12
iDCs 0.14 <0.01 0.22 <0.01
Inflammation promoting 0.28 <0.01 0.16 0.01
Macrophages 0.34 <0.01 0.36 <0.01
Mast cells − 0.33 <0.01 − 0.27 <0.01
MHC class I 0.34 <0.01 0.13 0.05

Neutrophils 0.04 0.23 − 0.01 0.84
NK cells 0.13 <0.01 0.00 0.96

Parainflammation 0.23 <0.01 0.10 0.10

pDCs 0.14 <0.01 0.10 0.11
T cell co-inhibition 0.27 <0.01 0.20 <0.01
T cell co-stimulation 0.23 <0.01 0.18 0.01
T helper cells 0.16 <0.01 0.15 0.02
Tfh 0.27 <0.01 0.17 0.01
Th1 cells 0.35 <0.01 0.22 <0.01
Th2 cells 0.13 <0.01 0.12 0.06

TIL 0.18 <0.01 0.10 0.13

Treg 0.33 <0.01 0.21 <0.01
Type I IFN Responses 0.17 <0.01 0.01 0.88

Type II IFN Responses − 0.16 <0.01 − 0.15 0.02

Note: Bold characters indicate statistically significant result.
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HER2 positivity did not show a negative prognostic impact in the era of trastuzumab, a drug that targets HER2.52 The 
other possible reason might be that patients with a higher ENO1 expression level were more likely to be in the early stage 
of breast cancer, and clinical stage played a greater impact on the prognosis of breast cancer than ER, PR, and HER2.53,54

There were some limitations in this study. First, only patients with tumors >1 cm were included, which may lead to 
selective bias. However, ENO1 expression was independent of tumor size in this study and the selection may not affect 
our findings. Second, we did not collect the information on treatment. However, since the treatment was determined 
according to the clinicopathological characteristics, adjustment of these characteristics in the analysis was able to largely 
control the confounding effects of the treatment. Finally, we assessed the association of ENO1 expression with immune 
infiltration using the bioinformatics methods only, which provided initial clues to the role of ENO1 in breast tumor 
immunity, and further experimental validation is still needed.

Conclusions
In summary, we found that a high expression of ENO1 was associated with a favorable prognosis in patients with early- 
stage breast cancer but not in advanced-stage patients; there was a similar differential association between ENO1 
expression and the infiltration of immune cells by clinical stages. These findings provided an insight into the roles of 
ENO1 as a prognostic marker associated with immune infiltration and suggested that induction of ENO1-specific 
antitumor immunity may represent a novel strategy for precision immunotherapy in breast cancer.
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