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INTRODUCTION 
 

Breast cancer is the top malignant tumor that threatens 

the health of women worldwide with incidence rate of 

47.8% and mortality rate of 13.6% [1]. In the past two 

decades, people have gradually realized that breast cancer 

is heterogeneous, varying in pathology, genetics, and 

molecular biology [2, 3]. Breast cancer consists of 

luminal A, luminal B, human epidermal growth factor 

receptor 2 (HER2)-enriched, and basal-like molecular 

subtypes relevant to the clinical practice [4]. Under the 

guidance of molecular typing, the diagnosis and 

treatment of breast cancer has gradually entered the era of 

individualized diagnosis and treatment [5]. The 5-year 

survival rate and the quality of life of breast cancer 

patients have been improved [6]. However, some patients 

will progress to an advanced stage, and advanced breast 

cancer is still an incurable disease with a median survival 

of about 24 to 30 months [7, 8]. 

 

Early diagnosis has become the key to save the lives of 

breast cancer patients. Currently, tissue- and serum-based 

biomarkers are widely used for early-stage tumor 

screening and to predict disease progression or recurrence 

[9]. Commonly used biomarkers for breast cancer include 

estrogen receptor (ER), progesterone receptor (PR), and 

HER2 [10]. Since the occurrence and progression are 

heterogeneous, researchers strive to identify novel 

biomarkers for optimal breast cancer control [11]. 

 

Bioinformatic analysis has contributed much to the 

finding of novel biomarkers, especially in cancer [12]. 
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Kim et al. have suggested SURF4 as an oncogene in 

cancer [13]. SURF4 is the human homologous gene of 

the yeast cargo receptor Erv29p with a molecular size of 

30 kD [14, 15]. SURF4 contains 7 transmembrane 

domains and a double-lysine endoplasmic reticulum 

carboxyl-terminal sequence, which can interact with the 

ER Golgi Intermediate compartment-53 and p24 protein 

[16]. However, the role of SURF4 in breast cancer has 

not been demonstrated yet. 
 

In this study, high expression of SURF4 was first found 

in breast cancer. Their relationship was further evaluated 

using bioinformatics analysis. The diagnostic value and 

independent predictive value in overall survival (OS) and 

relapse-free survival (RFS) were evaluated. Besides, the 

nomogram and Gene set enrichment analysis (GSEA) 

were conducted. The cell and tissue experiments were 

carried out for final validation. 

 

RESULTS 
 

Patient characteristics 

 

In total, 1104 patients were analyzed, 1090 of which 

(98.73%) were females. As shown in Supplementary 

Table 1, 589 (53.45%) patients were less than 60 years 

old, and 790 (71.56%) were diagnosed of infiltrating 

ductal carcinoma. As for molecular subtype, 142 

(12.86%) patients were basal-like type, 67 (6.07%) 

patients were HER2 overexpression type, 422 (38.22%) 

patients were luminal A type, 194 (17.57%) patients were 

luminal B type, and 24 (2.17%) patients were normal-like 

type. Most patients (56.7%) were in stage II. 

 

High expression of SURF4 in tumor 

 

Compared with normal tissue, SURF4 is significantly  

(P < 0.001) highly expressed in tumor (Figure 1A). 

Besides, SURF4 is significantly (P < 0.001) highly 

expressed in breast cancer in comparison with paired 

normal breast tissue (Figure 1B). 

 

Furthermore, the expression of SURF4 grouped by 

distinctive characteristics were evaluated. As shown in 

Figure 2A–2H, the expression of SURF4 was highest in 

T4 (P = 0.014), infiltrating ductal carcinoma (P < 0.001), 

ER negative (P < 0.001), PR negative (P < 0.001), and 

HER2 positive (P < 0.001) patients. Besides, as shown 

in Figure 3A–3K, high expression of SURF4 was 

observed in female (P = 0.026), patients without lymph 

node metastasis (P = 0.037), HER2 overexpression  

type (P < 0.001), and deceased patients (P = 0.016). 

Other characteristics showed no significantly statistical 

differences. 

 

Diagnostic value of SURF4 expression for breast 

cancer 

 

The receiver operating characteristic (ROC) curves  

were plotted to evaluate the diagnostic value of SURF4 

 

 
 

Figure 1. Expression of SURF4 in breast cancer. (A) The expression of SURF4 in tumor and normal tissues. (B) The expression of SURF4 

in tumor and paired normal tissues. 
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expression for breast cancer. As shown in Supplementary 

Figure 1A, the cut-off value between normal and tumor 

was 12.241, and the AUC was 0.606. Besides, the AUC 

for stage I-IV (Supplementary Figure 1B–1E) was 0.581, 

0.609, 0.613, and 0.693, respectively. 

 

Characteristics correlated with high expression of 

SURF4 

 

First, the patients were divided into the low and high 

SURF4 expression groups according to the cut-off  

value between normal and tumor obtained from ROC 

curves. Then, the characteristics correlated with high 

SURF4 expression were studied. As shown in 

Supplementary Table 2, gender (P = 0.032), histological 

type (P < 0.001), molecular subtype (P < 0.001), ER  

(P < 0.001), PR (P < 0.001), HER2 (P < 0.001), and 

vital status (P = 0.002) exhibited significant differences. 

However, other characteristics showed no significant 

differences. 

 

High SURF4 expression is correlated with poor OS 

 

Kaplan–Meier curves were used to evaluate the OS 

correlated with SURF4 expression. As shown in Figure 

4A, high SURF4 expression was significantly correlated 

with poor OS (P < 0.001). Moreover, high SURF4 

expression was correlated with poor OS of breast cancer 

patients in infiltrating ductal carcinoma (P < 0.001), 

infiltrating lobular carcinoma (P = 0.018), luminal B 

type (P = 0.019), normal-like type (P = 0.016), ER 

negative (P = 0.003), PR negative (P < 0.001), and 

HER2 negative (P < 0.001) by subgroup analysis 

(Figure 4B–4N). 

 

As shown in Figure 5 and Supplementary Table 3, 

several important variables were identified by univariate 

analysis, and confirmed by the subsequent multivariate 

analysis. The age [hazard ratio (HR): 2.317, 95% 

confidence interval (CI): 1.452-3.699, P < 0.001], stage 

(HR: 2.090, 95% CI: 1.585-2.755, P < 0.001), and 

SURF4 expression (HR: 1.958, 95% CI: 1.230-3.115, P 

= 0.005) exhibited independent prognostic value for OS 

of breast cancer. 

 

High SURF4 expression is correlated with poor RFS 

 

As shown in Figure 6A, high SURF4 expression was 

significantly correlated with poor RFS (P = 0.005). 

Moreover, high SURF4 expression was correlated  

with poor RFS of breast cancer patients in infiltrating 

ductal carcinoma (P = 0.018), ER negative (P = 0.019), 

PR negative (P = 0.008) by subgroup analysis  

(Figure 6B–6N). 

 

As shown in Figure 7 and Supplementary Table 4, 

several important variables were identified by univariate 

analysis, and confirmed by the subsequent multivariate 

 

 
 

Figure 2. Expression of SURF4 in breast cancer and its relationship with clinicopathological parameters. Expression of SURF4 
grouped by (A) stage, (B) T classification, (C) N classification, (D) M classification, (E) histological type, (F) ER, (G) PR, and (H) HER2. 
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analysis. The stage (HR: 1.579, 95% CI: 1.266-1.970, P 

< 0.001), and margin status (HR: 1.463, 95% CI: 1.114-

1.921, P = 0.006) exhibited independent prognostic 

value for RFS of breast cancer. 

 

Predictive value of SURF4 for survival 

 

The nomograms of SURF4 were generated to predicate 

survival of breast cancer patients. Patients with high 

SURF4 expression showed shorter OS (Figure 8). 

Besides, the patients with higher age, equivocal HER2, 

higher stages, or positive margin status also had shorter 

OS. 

 

SURF4 related signaling pathways by GSEA 

 

As shown in Supplementary Table 5, the GSEA analysis 

was further performed to evaluate the SURF4 related 

signaling pathways. The top 5 signaling pathways were 

shown in Figure 9A. The results showed that SURF4 

may influence the development of breast cancer by 

controlling chemokine signaling pathway, Th17 cell 

differentiation, primary immunodeficiency, etc. 

 

Expression of SURF4 in TIMER database 

 

The expressions of SURF4 in different cancers were 

further studied using TIMER database (Figure 9B). 

Significant high SURF4 expression was found in bladder 

urothelial carcinoma, etc. 

 

High SURF4 expression in breast cancer tissue and 

cell 

 

As shown in Figure 10A, SURF4 expression was 

significantly higher in tumor than adjacent normal tissue 

 

 
 

Figure 3. Expression of SURF4 in breast cancer and its relationship with clinicopathological parameters. Expression of SURF4 
grouped by (A) age, (B) gender, (C) lymph node status, (D) margin status, (E) menopause status, (F) molecular subtype, (G) neoadjuvant 
treatment, (H) radiation therapy, (I) sample type, (J) targeted molecular therapy, and (K) vital status. 
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(P < 0.001). As shown in Figure 10B, significant  

high SURF4 expression (P < 0.01) was observed in 

MCF7 (Human luminal A type breast cancer cell), 

BT474 (Human luminal B type breast cancer cell), 

SKBR3 (Human HER2 overexpression type breast 

cancer cell), MDAMB231 and 4T1 (Human triple-

negative breast cancer cell). Meanwhile, HaCaT (Human 

immortalized epidermal cell) and MCF10A (Human 

normal breast cell) showed much lower SURF4 

expression. Importantly, 4T1 cell line showed the highest 

SURF4 expression and used subsequently for in vitro 

experiment. The high SURF4 expression in breast cancer 

tissue was further validated by immunohistochemistry 

(IHC) (Figure 10C). 

 

 
 

Figure 4. Kaplan-Meier curve for OS group by SURF4. (A) SURF4 in all tumors. (B–H) Subgroup analysis according to typing in 

infiltrating ductal carcinoma, infiltrating lobular carcinoma, Luminal A, Luminal B, basal -like, HER2 overexpression, normal-like.  
(I–N) Subgroup analysis according to status in ER negative, ER positive, PR negative, PR positive, HER2 negative, and HER2 positi ve. 
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SURF4 promoted the proliferation and migration of 

4T1 cells 

 

The successful over-expression (O-SURF4) and 

knockdown (si-SURF4) of SURF4 was shown in Figure 

11A. As shown in Figure 11B, si-SURF4 group showed 

decreased cell proliferation (P < 0.01), while O-SURF4 

group showed increased cell proliferation (P < 0.01). 

The results of colony formation (Figure 11C) and 

living/dead cell staining (Figure 11D, 11E) were 

consistent. Si-SURF4 group showed fewer colonies (P < 

0.05) and more dead cells (P < 0.01), while O-SURF4 

group showed more colonies (P < 0.05) and fewer dead 

cells (P < 0.05). Finally, the migration distance was 

shorter in si-SURF4 group (P < 0.05) and longer in O-

SURF4 group (Figure 11F, 11G, P < 0.01). The results 

indicated that SURF4 promoted the proliferation and 

migration of 4T1 cells. 

 

DISCUSSION 
 

In 2020, the incidence of breast cancer reached 11.7%, 

surpassing lung cancer for the first time to become the 

world’s most commonly diagnosed cancer. Continuous 

 

 
 

Figure 5. Forest plot of Cox regression analysis about SURF4 and OS. (A) Univariate analysis of OS in breast cancer patients.  

(B) Multivariate analysis of OS in breast cancer patients. 
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exploration of earlier diagnosis methods has become 

the most urgent task [17]. Breast cancer is a very 

heterogeneous disease [18]. It has become widely 

accepted that breast cancer can be classified according 

to molecular markers. In 2001, Peru et al. applied 

complementary DNA microarray technology to detect 

postoperative specimens, and divided breast cancer 

into different subtypes with different clinical 

prognosis, namely luminal A, luminal B, basal-like, 

HER2 overexpression, and normal-like type [19]. 

 

Diverse types of breast cancer have different biological 

characteristics and treatment methods. Hormone 

receptor-positive luminal A and luminal B have the 

 

 
 

Figure 6. Kaplan-Meier curve for RFS group by SURF4. (A) SURF4 in all tumors. (B–H) Subgroup analysis according to typing in 

infiltrating ductal carcinoma, infiltrating lobular carcinoma, Luminal A, Luminal B, basal-like, HER2 overexpression, normal-like. (I–N) 
Subgroup analysis according to status in ER negative, ER positive, PR negative, PR positive, HER2 negative, and HER2 positive. 
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highest proportions in breast cancer, and can be treated 

with endoprostheses with relatively good prognosis [20]. 

The 5-year selective ER modulator tamoxifen therapy 

can reduce the recurrence rate by about 50% and the 

mortality by about 30% [21]. Compared with luminal A 

type, luminal B type has the following characteristics: 

lower expression levels of estrogen or estrogen-related 

genes, low or no expression of PR, higher grade of tumor 

and higher expression levels of proliferation-related 

genes, growth factor receptor pathways such as IGF-1R 

and PI3K/AKT/mTOR are easily activated, etc. [22]. 

HER2 overexpression type has poor biological behavior 

and high recurrence rate, but its treatment has made 

significant progress with the application of targeted drugs 

such as trastuzumab, pertuzumab, and lapatinib, etc.  

[5, 23]. The basal-like type lacking hormone receptors 

and overexpressing HER2 is often considered triple-

negative breast cancer, which can only be treated with 

chemotherapy, and is more common in patients with 

BRCA1 mutations or African ancestry [24, 25]. 

 

Our results indicated that SURF4 was significantly  

(P < 0.001) highly expressed in tumor. High expression 

of SURF4 was observed in T4, infiltrating ductal 

 

 
 

Figure 7. Forest plot of Cox regression analysis about SURF4 and RFS. (A) Univariate analysis of RFS in breast cancer patients.  
(B) Multivariate analysis of RFS in breast cancer patients. 
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Figure 8. The nomogram about SURF4 and OS. 1-, 3- and 5-year related survival probabilities were obtained by drawing a line straight 

down to the risk axis. 

 

 
 

Figure 9. Expression of SURF4 by enrichment analysis and in TIMER database. (A) Top 5 enrichments with enriched high expression 

of SURF4. (B) Expression of SURF4 in diverse types of human cancers in the TIMER database. 
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carcinoma, ER negative, PR negative, HER2 positive, 

female, patients without lymph node metastasis, HER2 

overexpression type, and deceased patients. The 

diagnostic ability increased with stage increased as the 

AUC for stage I-IV was 0.581, 0.609, 0.613, and 0.693, 

respectively. The age, stage, and SURF4 expression 

exhibited independent prognostic value for OS of breast 

cancer. Patients with high SURF4 expression, higher 

age, equivocal HER2, higher stages, or positive margin 

status had shorter OS. The stage and margin status 

exhibited independent prognostic value for RFS of 

breast cancer. 

As is known, Ki-67 is a nuclear antigen associated 

with proliferating cells, and currently a widely used 

tumor cell proliferation activity marker [26]. Ki-67 

expression level is significantly higher in malignant 

tumors [27]. Ki-67 has been used as one of the 

proliferation markers in early breast cancer [28]. 

Relevant studies have shown that changes in the 

expression level of Ki-67 can be used as a sensitivity 

indicator to predict the efficacy of neoadjuvant 

endocrine therapy [29]. Neoadjuvant endocrine 

therapy trials IMPACT and Z1031 showed a survival 

benefit after inhibition of Ki-67 expression [30, 31]. 

 

 
 

Figure 10. Expression of SURF4 in human breast tissues and cell lines. (A) SURF4 expression in tumor and adjacent normal tissue by 

qRT-PCR (N = 35). (B) SURF4 expression in HaCaT (Human immortalized epidermal cell), MCF10A (Human normal breast cell), MCF7 (Human 
luminal A type breast cancer cell), BT474 (Human luminal B type breast cancer cell), SKBR3 (Human HER2 overexpression type breast cancer 
cell), MDAMB231 and 4T1 (Human triple-negative breast cancer cell) by qRT-PCR in triplicate. (C) SURF4 expression in normal and tumor 
tissue by IHC. The tissues were from single patient. Scale bar = 100 μm. **P < 0.01; ***P < 0.001. 
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Neoadjuvant endocrine therapy has been used as the 

primary endpoint, but its value in predicting  

the efficacy of neoadjuvant chemotherapy remains 

controversial [32]. 

 

Limited studies have showed the role of SURF4 in 

cancer. Yue et al. found SURF4 possessed the ability for 

maintaining stemness of ovarian cancer, and may serve 

as a potential target [33]. Kim et al. reported that SURF4 

could induce cellular transformation and cell migration  

in vitro and has oncogenic transformation ability in vivo 

[13]. Our study reported a novel biomarker SURF4 in 

breast cancer. High SURF4 expression was confirmed  

in breast cancer tissue and cells. SURF4 expression  

was significantly higher in tumor. The high SURF4 

expression in breast cancer tissue was further validated 

by IHC. Besides, significant high SURF4 expression  

(P < 0.01) was observed in MCF7 (Human luminal A 

type breast cancer cell), BT474 (Human luminal B  

type breast cancer cell), SKBR3 (Human HER2 

overexpression type breast cancer cell), MDAMB231 and 

4T1 (Human triple-negative breast cancer cell). The  

in vitro experiments suggested SURF4 promoted the 

proliferation and migration of 4T1 cells. Combing the 

results of GSEA analysis, SURF4 may influence the 

development of breast cancer by controlling chemokine 

signaling pathway, etc. However, the underlying 

mechanisms need to be studied in the future. Also, the  

in vivo experiments can improve the evidence power of 

the findings. 

 

In conclusion, high expression of SURF4 was first  

found in breast cancer. SURF4 expression exhibited 

independent prognostic value for OS, and patients with 

high SURF4 expression had shorter OS. SURF4 

promoted the proliferation and migration of 4T1 cells. 

SURF4 may be a biomarker to play a role in diagnosis 

and prognosis of breast cancer. Our findings may indicate 

SURF4 as a novel therapeutic target for treatment of 

breast cancer. 

 

 
 

Figure 11. SURF4 promoted cell proliferation and migration of breast cancer cell 4T1. (A) Efficiency of plasmid transfection by qRT-

PCR. (B) The cell viability by CCK8 assay. (C) Cell proliferation ability by colony formation assay. (D, E) Cell proliferation ability by living/dead 
staining assay. Scale bar = 50 μm. (F, G) Cell migration ability by wound healing assay. The experiments were repeated for 3 times. 40 x under 
light microscopy. NS, no significance; *P < 0.05; **P < 0.01. 
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MATERIALS AND METHODS 
 

Data processing and comparison 

 

The files of mRNA expression and associated clinical 

data were acquired from the The Cancer Genome Atlas 

(TCGA) database [34]. Non-parametric rank sum tests 

were used to evaluate the SURF4 mRNA expression. 

Wilcoxon rank sum tests and Kruskal-Wallis tests were 

used to compare two and multiple subgroups, 

respectively. Chi-square tests along with Fisher’s exact 

tests were used to evaluate the characteristics correlated 

with SURF4 expression. 

 

Diagnostic value evaluation 

 

The pROC program was used for visualization of ROC 

curves, which were plotted to evaluate the diagnostic 

value of SURF4 [35]. According to the cut-off value 

obtained from ROC curves between normal and tumor, 

the patients were further divided into the low and high 

SURF4 expression groups. The area under the ROC 

curves (AUC) was also calculated. 

 

Survival evaluation and nomogram plotting 

 

The Kaplan-Meier curves were used to analyze the OS 

and RFS by the R survival package [36]. To investigate 

the independent predictive ability of SURF4 in breast 

cancer, univariate and multivariate Cox analysis were 

carried out. According to SURF4 expression, the patients 

with breast cancer were divided into groups. Based  

on different SURF4 expression, the age, HER2, stage, 

margin status, and 1,3,5-year OS were compared. 

 

GSEA analysis and TIMER database mining 

 

To investigate the relation between SURF4 expression 

and enriched signaling pathways, the TCGA database 

was first searched, and then GSEA analysis was 

performed. The TIMER database was used for study of 

SURF4 expression in different cancers. 

 

Sample collection 

 

Breast cancer and adjacent tissues were obtained from 

35 subjects, and placed in liquid nitrogen immediately 

after resection. The study was approved by the 

institutional ethical committee and conformed to the 

Declaration of Helsinki. 

 

Cell culture and plasmid transfection 

 
The cells were cultured in 1640 medium containing 

10% fetal bovine serum, and transfected with the si-NC 

(negative control), si-SURF4 (small-interfering RNAs 

against SURF4) and O-SURF4(overexpressed SURF4) 

plasmids. All the plasmids were purchased from 

Genepharma (Shanghai, China). 

 

Real-time quantitative PCR 

 

Total RNA was extracted using TRIzol (Invitrogen, 

USA). 1 mL of isolated RNA was used for the reverse 

transcription. The real-time quantitative PCR (RT-

qPCR) procedure was then completed. The experiments 

were repeated for 3 times. The primers are as follows: 

SURF4 (Forward: 5′-CCTTTAAGGCTTGGCCTACG-

3′; Reverse: 5′- GGGCCAGGTTCCTCATCAAA-3′), 

and β-actin (Forward: 5′-GGAGCGAGATCCCTCCAA 

AAT-3′; Reverse: 5′-GGCTGTTGTCATACTTCTCAT 

GG-3′). 

 

Immunohistochemistry staining 

 

The tissues were from single patient. The immuno-

histochemistry (IHC) staining was performed according 

to the manual instructions (#13079, Cell Signaling 

Technology, MA, USA). Anti-SURF4 primary antibody 

(ab133369, Abcam company, Shanghai, China) and 

corresponding secondary antibody (rabbit) were used. 

The fluorescence microscope was used for imaging. 

 

Cell proliferation and migration assay 

 

After a 24-hour culture period with different plasmids, 

the absorbance at 450 nm was measured after the 

addition of 10 μL of CCK-8 reagent (CK04, Dojindo 

company, Beijing, China) [37]. After being scraped to 

create a 1-mm gap, the cells treated with different 

plasmids were grown for 48 hour, and images were 

obtained at 0 and 48 hours to record the migration 

distance [38]. The experiments were repeated for 3 times. 

 

Statistical analysis 

 

R3.5.1 was used to perform bioinformatics analysis [39]. 

The Kaplan-Meier curve was used to analyze the survival 

rate [40]. To investigate the independent predictive 

capability of SURF4 in breast cancer, univariate and 

multivariate Cox analyses were used. It was statistically 

significant at P < 0.05. 
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human epidermal growth factor receptor 2; TCGA: The 
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SUPPLEMENTARY MATERIALS 

 

Supplementary Figure 

 

 

 

 
 

Supplementary Figure 1. ROC curve to assess the diagnostic value of SURF4. (A) ROC curve of SURF4 in normal vs. tumor. (B–E) ROC 
curve of SURF4 in stage I, stage II, stage III, and stage IV. 
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Supplementary Tables 
 

Supplementary Table 1. Patient characteristics. 

Characteristics Numbers of cases 

Age  

<60 589(53.45) 

>=60 513(46.55) 

Gender  

NA 2(0.18) 

Female 1090(98.73) 

Male 12(1.09) 

Histological type  

NA 3(0.27) 

Infiltrating Ductal Carcinoma 790(71.56) 

Infiltrating Lobular Carcinoma 204(18.48) 

Other 107(9.69) 

Molecular subtype  

NA 255(23.10) 

Basal 142(12.86) 

HER2 67(6.07) 

LuminalA 422(38.22) 

LuminalB 194(17.57) 

Normal 24(2.17) 

ER  

NA 50(4.53) 

Indeterminate 2(0.18) 

Negative 239(21.65) 

Positive 813(73.64) 

PR  

NA 51(4.62) 

Indeterminate 4(0.36) 

Negative 345(31.25) 

Positive 704(63.77) 

HER2  

NA 183(16.58) 

Equivocal 180(16.30) 

Indeterminate 12(1.09) 

Negative 565(51.18) 

Positive 164(14.86) 

Menopause status  

NA 93(8.42) 

Inde 34(3.08) 

Peri 40(3.62) 

Post 706(63.95) 

Pre  231(20.92) 

T classification  

NA 2(0.18) 

T1 281(25.45) 

T2 640(57.97) 

T3 138(12.5) 

T4 40(3.62) 

TX 3(0.27) 

N classification  

NA 2(0.18) 
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N0 516(46.74) 

N1 367(33.24) 

N2 120(10.87) 

N3 79(7.16) 

NX 20(1.81) 

M classification  

NA 2(0.18) 

M0 917(83.06) 

M1 22(1.99) 

MX 163(14.76) 

Stage  

NA 10(0.91) 

I 182(16.49) 

II 626(56.70) 

III 252(22.83) 

IV 20(1.81) 

X 14(1.27) 

Lymph node status  

NA 379(34.33) 

No 28(2.54) 

Yes 697(63.13) 

Margin status  

NA 72(6.52) 

Close 31(2.81) 

Negative 922(83.51) 

Positive 79(7.16) 

Vital status  

NA 2(0.18) 

Deceased 155(14.04) 

Living 947(85.78) 

Radiation therapy  

NA 102(9.24) 

No 445(40.31) 

Yes 557(50.45) 

Neoadjuvant treatment  

NA 3(0.27) 

No 1088(98.55) 

Yes 13(1.18) 

Targeted molecular therapy  

NA 525(47.55) 

No 46(4.17) 

Yes 533(48.28) 

Sample type  

Metastatic 7(0.63) 

Primary Tumor 1097(99.37) 

SURF4  

high 445(40.31) 

low 659(59.69) 

Note: ER, estrogen receptor; PR, progesterone receptor; HER2, human 
epidermal growth factor receptor 2; NA, not available; X represents 
uncertain. 
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Supplementary Table 2. Characteristics correlated with SURF4 expression. 

Parameter Variable N 
SURF4 mRNA expression 

χ2 P value 
high % low % 

Age 
<60 589 247 (55.76) 342 (51.90) 1.586 0.210 

>=60 513 196 (44.24) 317 (48.10)   

Gender 
Female 1090 442 (99.77) 648 (98.33) 5.125 0.032 

Male 12 1 (0.23) 11 (1.67)   

Histological type 

Infiltrating Ductal Carcinoma 790 355 (80.32) 435 (66.01) 28.903 <0.001 

Infiltrating Lobular Carcinoma 204 51 (11.54) 153 (23.22)   

Other 107 36 (8.14) 71 (10.77)   

Molecular subtype 

Basal 142 76 (21.23) 66 (13.44) 65.143 <0.001 

HER22 67 54 (15.08) 13 (2.65)   

LuminalA 422 137 (38.27) 285 (58.04)   

LumialB 194 79 (22.07) 115 (23.42)   

Normal 24 12 (3.35) 12 (2.44)   

ER 

Indeterminate 2 1 (0.24) 1 (0.16) 41.049 <0.001 

Negative 239 139 (32.71) 100 (15.90)   

Positive 813 285 (67.06) 528 (83.94)   

PR 

Indeterminate 4 2 (0.47) 2 (0.32) 38.503 <0.001 

Negative 345 185 (43.63) 160 (25.44)   

Positive 704 237 (55.90) 467 (74.24)   

HER2 

Equivocal 180 63 (16.94) 117 (21.31) 32.137 <0.001 

Indeterminate 12 6 (1.61) 6 (1.09)   

Negative 565 205 (55.11) 360 (65.57)   

Positive 164 98 (26.34) 66 (12.02)   

Menopause status 

Inde 34 19 (4.65) 15 (2.49) 3.592 0.311 

Peri 40 17 (4.16) 23 (3.82)   

Post 706 281 (68.70) 425 (70.60)   

Pre  231 92 (22.49) 139 (23.09)   

T classification 

T1 281 103 (23.25) 178 (27.01) 7.354 0.133 

T2 640 268 (60.50) 372 (56.45)   

T3 138 51 (11.51) 87 (13.20)   

T4 40 21 (4.74) 19 (2.88)   

TX 3 0 (0.00) 3 (0.46)   

N classification 

N0 516 199 (44.92) 317 (48.10) 3.294 0.513 

N1 367 145 (32.73) 222 (33.69)   

N2 120 55 (12.42) 65 (9.86)   

N3 79 34 (7.67) 45 (6.83)   

NX 20 10 (2.26) 10 (1.52)   

M classification 

M0 917 372 (83.97) 545 (82.70) 1.710 0.414 

M1 22 11 (2.48) 11 (1.67)   

MX 163 60 (13.54) 103 (15.63)   

Stage 

I 182 62 (14.12) 120 (18.32) 4.441 0.335 

II 626 253 (57.63) 373 (56.95)   

III 252 108 (24.60) 144 (21.98)   

IV 20 10 (2.28) 10 (1.53)   

X 14 6 (1.37) 8 (1.22)   

Lymph node status 
No 28 15 (5.47) 13 (2.88) 3.084 0.106 

Yes 697 259 (94.53) 438 (97.12)   

Margin status 

Close 31 14 (3.42) 17 (2.73) 0.680 0.692 

Negative 922 366 (89.49) 556 (89.25)   

Positive 79 29 (7.09) 50 (8.03)   

Vital status 
Deceased 155 81 (18.28) 74 (11.23) 10.910 0.002 

Living 947 362 (81.72) 585 (88.77)   
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Radiation therapy 
No 445 190 (47.03) 255 (42.64) 1.880 0.186 

Yes 557 214 (52.97) 343 (57.36)   

Neoadjuvant treatment 
No 1088 437 (98.65) 651 (98.94) 0.192 0.785 

Yes 13 6 (1.35) 7 (1.06)   

Targeted molecular therapy 
No 46 22 (9.09) 24 (7.12) 0.747 0.454 

Yes 533 220 (90.91) 313 (92.88)   

Sample type 
Metastatic 7 2 (0.45) 5 (0.76) 0.403 0.707 

Primary Tumor 1097 443 (99.55) 654 (99.24)   

Note: ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2; NA, not available; 
X represents uncertain. 

 

Supplementary Table 3. Univariate and multivariate analysis for overall survival. 

Parameters 
Univariate analysis  Multivariate analysis 

HR 95% CI P value  HR 95% CI P value 

Age 1.91 1.39-2.63 <0.001  2.32 1.45-3.70 <0.001 

ER 0.85 0.71-1.02 0.074     

HER2 1.29 1.05-1.57 0.013  1.12 0.90-1.39 0.297 

Histological type 0.93 0.74-1.17 0.543     

Lymph node status 1.10 0.93-1.30 0.274     

Margin status 1.42 1.11-1.81 0.005  1.01 0.72-1.41 0.942 

Menopause status 1.16 0.94-1.43 0.165     

Molecular subtype 1.01 0.88-1.16 0.901     

PR 0.87 0.73-1.03 0.096     

Stage 1.64 1.40-1.91 <0.001  2.09 1.59-2.75 <0.001 

SURF4 1.90 1.38-2.61 <0.001  1.96 1.23-3.11 0.005 

Note: ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal 
growth factor receptor 2; HR, hazard ratio; CI, confidence interval. 

 

Supplementary Table 4. Univariate and multivariate analysis for relapse-free survival. 

Parameters 
Univariate analysis  Multivariate analysis 

HR 95% CI P value  HR 95% CI P value 

Age 1.45 0.97-2.16 0.072     

ER 0.78 0.63-0.97 0.026  0.85 0.61-1.18 0.344 

HER2 0.93 0.70-1.22 0.596     

Histological type 0.86 0.65-1.14 0.290     

Lymph node status 0.86 0.70-1.06 0.159     

Margin status 1.59 1.23-2.06 <0.001  1.46 1.11-1.92 0.006 

Menopause status 0.95 0.74-1.22 0.713     

Molecular subtype 0.99 0.82-1.20 0.945     

PR 0.78 0.64-0.96 0.019  0.87 0.64-1.18 0.374 

Stage 1.71 1.40-2.08 <0.001  1.58 1.27-1.97 <0.001 

SURF4 1.76 1.18-2.63 0.005  1.46 0.95-2.23 0.081 

Note: ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth 
factor receptor 2; HR, hazard ratio; CI, confidence interval. 
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Supplementary Table 5. Enriched signaling pathways by GSEA analysis. 

Description Set size 
Enrichment 

score 
NES P value 

P adjusted 

value 
Q value 

Chemokine signaling pathway 188 -0.5014 -1.9249 1.9E-07 6.4E-05 5.3E-05 

Hematopoietic cell lineage 94 -0.5834 -2.0432 5.9E-07 9.9E-05 8.1E-05 

Viral protein interaction with cytokine and 

cytokine receptor 
95 -0.5749 -2.0224 1.4E-06 0.00016 0.00013 

Th17 cell differentiation 106 -0.5569 -1.9797 2.8E-06 0.00024 0.00019 

Primary immunodeficiency 36 -0.703 -2.0913 3.9E-06 0.00026 0.00021 

Cytokine-cytokine receptor interaction 282 -0.4153 -1.6693 1.1E-05 0.00056 0.00046 

Cell cycle 119 0.47578 1.88178 1.2E-05 0.00056 0.00046 

Intestinal immune network for IgA 

production 
45 -0.647 -2.003 1.6E-05 0.00058 0.00048 

B cell receptor signaling pathway 80 -0.5554 -1.9029 1.6E-05 0.00058 0.00048 

Osteoclast differentiation 127 -0.503 -1.8477 1.7E-05 0.00058 0.00048 

Systemic lupus erythematosus 50 -0.6302 -1.9953 2.4E-05 0.00072 0.00059 

Inflammatory bowel disease 63 -0.5732 -1.8773 4.3E-05 0.00111 0.00092 

Glutamatergic synapse 111 -0.5066 -1.8239 4.4E-05 0.00111 0.00092 

Allograft rejection 35 -0.6609 -1.9448 0.00011 0.00254 0.0021 

Taurine and hypotaurine metabolism 16 -0.7963 -1.9652 0.00011 0.00254 0.0021 

Amphetamine addiction 69 -0.5521 -1.8401 0.00013 0.00279 0.0023 

MicroRNAs in cancer 160 0.40191 1.6424 0.0002 0.004 0.0033 

Autoimmune thyroid disease 50 -0.5818 -1.8419 0.00025 0.00461 0.0038 

Staphylococcus aureus infection 87 -0.5019 -1.743 0.0003 0.00535 0.00441 

Cocaine addiction 49 -0.5858 -1.8508 0.00034 0.00564 0.00465 

Asthma 28 -0.677 -1.8853 0.00041 0.00644 0.00532 

Signaling pathways regulating pluripotency 

of stem cells 
140 0.39619 1.60953 0.00047 0.00706 0.00582 

Cell adhesion molecules 147 -0.4349 -1.6294 0.0006 0.00868 0.00716 

Malaria 47 -0.5783 -1.8155 0.00066 0.00895 0.00739 

Nucleocytoplasmic transport 101 0.42755 1.66382 0.00067 0.00895 0.00739 

Type I diabetes mellitus 41 -0.584 -1.7902 0.00073 0.00939 0.00775 

Tuberculosis 177 -0.4053 -1.5455 0.00083 0.01024 0.00845 

Graft-versus-host disease 38 -0.6079 -1.8309 0.00113 0.01345 0.0111 

Th1 and Th2 cell differentiation 90 -0.4707 -1.6373 0.00121 0.01385 0.01143 

Basal cell carcinoma 63 0.4654 1.64309 0.00143 0.01588 0.0131 

T cell receptor signaling pathway 101 -0.4443 -1.5744 0.00239 0.02571 0.02121 

Insulin resistance 105 -0.4493 -1.5999 0.00308 0.03207 0.02646 

Viral myocarditis 57 -0.5092 -1.6451 0.00345 0.03485 0.02876 

Protein digestion and absorption 100 0.39887 1.54667 0.00382 0.03706 0.03058 

Tight junction 163 -0.3965 -1.5008 0.00398 0.03706 0.03058 

Small cell lung cancer 92 0.40964 1.56086 0.00401 0.03706 0.03058 

Rheumatoid arthritis 88 -0.4545 -1.5792 0.00414 0.03723 0.03072 

Lipid and atherosclerosis 213 -0.37 -1.4395 0.005 0.04378 0.03612 

NF-kappa B signaling pathway 99 -0.4281 -1.5101 0.00538 0.04497 0.0371 

Long-term potentiation 67 -0.4755 -1.5762 0.0054 0.04497 0.0371 

Bladder cancer 40 0.51751 1.68382 0.00555 0.04504 0.03716 

NOD-like receptor signaling pathway 175 -0.3746 -1.431 0.00592 0.04683 0.03864 

DNA replication 36 0.53172 1.68595 0.00605 0.04683 0.03864 

 


