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Abstract
Purpose  The expression of cytochrome B561 (CYB561) and its role in breast cancer (BC) prognosis remain unclear. We 
analyzed the differential expression and prognostic value of CYB561 using online databases and a clinical cohort through 
bioinformatics and immunohistochemistry.
Methods  The differential expression of CYB561 and its association with BC were analyzed using the tumor immune estima-
tion resource (TIMER), gene expression profiling interaction analysis2 (GEPIA2), Human Protein Atlas, Cancer Cell Line 
Encyclopedia, and Kaplan–Meier Plotter website. Important pathways of CYB561 enrichment were explored using gene 
set enrichment analysis. Immunohistochemistry detected CYB561 expression in normal breast, breast hyperplasia, ductal 
carcinoma in situ (DCIS), para-cancer, and invasive BC groups. Association between CYB561 expression and BC prognosis 
was analyzed using Kaplan–Meier and Cox regression analyses.
Results  CYB561 mRNA expression was higher in GEPIA and TIMER BC patients than in para-cancer tissues. CYB561 was 
expressed in the glandular epithelium and myoepithelium, with positive localization in the cytoplasm and cell membrane. 
CYB561 protein expression significantly differed among the groups. CYB561 expression was correlated with ERBB2/HER2 
and infiltrating CD4+ T cells in GEPIA and TIMER BC patients and associated with HER2 status, histological grade, and 
molecular subtypes in the clinical cohort but not related to tumor-infiltrating lymphocytes. CYB561 mRNA overexpression 
predicted reduced recurrence-free survival and overall survival in BC. Patients with CYB561 expression had significantly 
reduced overall survival and increased risk of death.
Conclusion  CYB561 can serve as an effective clinical prognostic biomarker for BC.
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Introduction

Breast cancer (BC) is one of the most common malignant 
tumors and the leading cause of cancer-related deaths among 
women (Torre et al. 2015). Along with population growth 
and aging, the cancer burden of women is increasing in vari-
ous countries, regardless of income level, and the incidence 
rate is rising by 3.1% annually. In 2018, approximately 2.1 
million women were newly diagnosed with BC (Bray et al. 
2018). Although the application of many therapeutic meth-
ods (such as surgery, neoadjuvant or adjuvant chemoradio-
therapy, endocrine therapy, targeted therapy (Balmus et al. 
2019), and immunotherapy (Gobbini et al. 2018) proposed in 
recent years) has significantly improved BC patient progno-
ses, many patients are threatened with recurrence and death. 
Biomarkers are pathological and physiological status indi-
cators and can predict disease outcomes, especially cancer. 
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Currently, biomarkers are used in the early detection, prog-
nosis, and therapeutic targeting of BC, including CA153, 
human epidermal growth factor receptor 2 (HER2), circulat-
ing tumor cells, programmed death 1/Programmed death—
ligand 1 (PD-1/PD-L1) (Gobbini et al. 2018), and infiltrating 
immune cells (Sui et al. 2020). However, as a group of com-
plex and highly heterogeneous tumors (Liang et al. 2020), 
the prognosis of BC differs and is affected by ethnicity/race, 
genetic factors, regional environment, molecular typing, 
pathological features, and treatment methods. For example, 
Asians have lower morbidity but higher mortality than non-
Hispanic white women (Ghoncheh et al. 2015). Therefore, 
exploring novel biomarkers involved in BC progression and 
prognosis would contribute to identifying therapeutic targets 
and predicting prognosis more accurately.

Cytochrome B561 (CYB561) is a conserved transmem-
brane transporter specific to secretory vesicles of neuroendo-
crine substances (catecholamines and neuropeptides) (Sriv-
astava et al. 1994) with chelate reductase activity (Asard 
et al. 2013). It is widely expressed in human tissues, such as 
neuroendocrine tissues) (Pruss and Shepard 1987), and pro-
motes anti-castration neuroendocrine prostate cancer growth 
and metastatic potential (Willis et al. 2016). The low expres-
sion level of CYB561 mRNA in ovarian cancer, which is 
associated with poor prognosis, may become a single-gene 
prognostic biomarker (Olarte et al. 2020). In addition, the 
regions of chromosome 17q23 were amplified in BC cells 
by gene sequencing, suggesting that CYB561 may be the 
driving gene that regulates their proliferation and survival 
(Mahmood et al. 2014). Cyb561d2 (also known as tscytb 
/101F6), a member of the CYB561family, can inhibit the 
growth of lung cancer cells (Ohtani et al. 2007) and the 
Duodenal cytochrome b (Dcytb), another member of the 
CYB561 family, is an important predictor of prognosis in 
BC patients (Lemler et al. 2017). Therefore, we speculated 
that CYB561 is involved in BC development.

However, there are few studies on CYB561 expression, 
as well as its correlation with clinicopathological factors 
and its potential predictive value in BC. Our study analyzed 
the differential expression and prognostic value of CYB561 
using online databases and a clinical cohort through bioin-
formatics and immunohistochemistry.

Materials and methods

Online data acquisition and analyses

The expression of CYB561mRNA in human tissues and 
cell lines was detected using the Human Protein Atlas 
(HPA), TIMER (https://​cistr​ome.​ShinY​apps.​io/​timer/), 

and the Cancer Cell Line Encyclopedia (CCLE). The dif-
ferential expression of CYB561 mRNA between carcino-
mas and para-cancerous samples was verified using TIMER 
and GEPIA2 (http://​gepia2.​cancer-​pkucn/), which include 
RNA sequencing data of 9736 tumor tissues and 8587 nor-
mal tissues from The Cancer Genome Atlas (TCGA) and 
The Genotype Tissue Expression (GTEX) databases (Tang 
et al. 2017). The correlation between CYB561 and BC prog-
nosis (overall survival and recurrence-free survival) was 
explored using the Kaplan–Meier Plotter website (https://​
kmplot.​com/​analy​sis/). The correlation between CYB561 
and immune cells and Erb-B2 receptor tyrosine kinase 2 
(ERBB2) was investigated in the TIMER database, which 
contains 10,897 samples across 32 cancer types from TCGA, 
to allow the evaluation of the abundance of immune infil-
tration. A statistical deconvolution method was applied to 
infer the abundance of tumor-infiltrating immune cells from 
gene expression profiles (Li et al. 2017). The important path-
way for the possible enrichment of CYB561 was explored 
using gene set enrichment analysis (GSEA; GSEA4.0.3). 
Taking “h.all. V.7.1. Symbols. GMT” as the reference gene 
set, 1,000 genome substitutions were performed to obtain 
the standardized enrichment scores for each analysis. Gene 
sets with standardized P < 0.05 and a false discovery rate 
P < 0.05 were defined as positive gene sets. The flow chart 
was shown in Fig. 1.

Clinical cohort acquisition

Five groups of tissue wax blocks were collected, including 
normal breast tissue, breast hyperplasia tissue, para-cancer 
tissue, ductal carcinoma in situ (DCIS) tissue, and invasive 
BC, with clear pathological diagnosis and complete clinical 
data that underwent radical mastectomy or modified radical 
mastectomy at the Affiliated Hospital of Qinghai University 
from 2011 to 2020 (Fig. 1). The median age of BC patients 
was 48 years (range 29–90 years). According to the 2019 
version of the Chinese Breast Cancer Human Epidermal 
Growth Factor Receptor 2 (HER2) testing guidelines, HER2 
was classified as positive by IHC 3+ or FISH amplification. 
Based on the 13th St. Gallen International Breast Cancer 
Conference 2013, BC was divided into four subtypes as 
follows: luminal A, luminal B, HER2 over-expression, and 
triple-negative.

CYB561 immunohistochemistry and interpretation

According to established methods (Rimm et al. 2001), col-
lected wax blocks were re-embedded into a tissue microarray 
containing 11 tissue chip arrays. The primary antiCYB561 
(Sigma-Aldrich, HPA014753) antibody (dilution ratio 1:50) 

https://cistrome.ShinYapps.io/timer/
http://gepia2.cancer-pkucn/
https://kmplot.com/analysis/
https://kmplot.com/analysis/
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was incubated at 4 °C overnight. After washing, the sec-
tions were incubated with the appropriate horseradish per-
oxidase (HRP)-labeled secondary antibody for 1 h, DAB 
staining, and hematoxylin re-staining. Phosphate-buffered 
saline instead of the primary antibody was used as a negative 
control, and paraffin-embedded tissue sections of healthy 
pancreas were used as positive controls.

The staining intensity of CYB561 was divided into the 
following: “0” for staining without any intensity, “1 + ” 
(weak) for light yellow, clearly visible under 10 × micros-
copy, “2 + ” (medium)for a color depth between “1 + ” and 
“3 + ,” visible under 4 × microscopy, “3 + ” (strong) for dark 
brown or brownish-yellow, visible to the naked eye. Stain-
ing was located in the cytoplasm and cell membrane. For 
the staining range, the proportion of stained tumor cells/all 
tumor cells or stained breast cells/all breast cells ≥ 1% was 
judged as “1; “otherwise, it was “0.” The product of staining 
intensity and range was judged as the result of immunohisto-
chemical staining: “score 0” and “score 1” were interpreted 
as negative, and “score 2” and “score 3” were interpreted 
as positive.

Interpretation of tumor‑infiltrating lymphocytes 
(TILs)

Paraffin blocks of invasive breast carcinoma tissue were 
selected, and conventional hematoxylin and eosin staining 
was performed. Two pathologists with senior professional 

titles read the slides under a microscope using a single-blind 
method. TILs were evaluated, and the percentage of stromal 
TILs was recorded on a continuous scale in an approximate 
semi-quantitative manner. The specific interpretation steps 
and evaluation methods were based on the 2014 recommen-
dations of the international TILs working group (Salgado 
et al. 2015).

Follow‑up

Follow-up reviews for all patients occurred by telephone or 
in-person at the hospital. The follow-up endpoint was Janu-
ary 31, 2021, or death. Disease-free survival was defined as 
the time from the date of initial pathological diagnosis to the 
date of breast cancer-related events, last follow-up date, or 
date of death (Huo et al. 2017). BC-related events included 
local recurrence, distant metastasis, new primary breast 
tumor, and death from BC. Overall survival was defined as 
the time from the initial tumor diagnosis to death due to 
various causes or to the date of the last follow-up.

Statistical methods

The results of Kaplan–Meier plots and GEPIA are presented 
with HR and P values from a log-rank test. Spearman cor-
relation coefficient was used to measure the expression 
correlation among the genes. Clinical data were analyzed 
using SPSS24.0 (IBM, Chicago, USA). Statistical data 
were described by relative numbers and compared using 

Fig. 1   Flow chart showing 
the differential expression and 
prognostic value of CYB561 in 
breast cancer
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the χ2 test. Data conforming to a normal distribution were 
expressed as the mean ± standard deviation and compared 
using the t test. Kaplan–Meier curves and log-rank tests were 
used to evaluate the prognostic value of CYB561. Univari-
ate analysis was performed using the χ2 test and the Fisher 
exact probability test. Variable assignments are shown in 
Online Resource 1. Factors with statistical significance in 
Cox regression univariate analysis were included in the mul-
tivariate analysis, and the entry method was adopted. The 
hazard ratio (HR) and 95% confidence interval (CI) were 
analyzed using Cox regression. The statistical significance 
of the two-tailed test was set at P < 0.05.

Results

CYB561 expression in GEPIA and TIMER BC patients

CYB561 mRNA is expressed in many human systems, 
including the nervous, digestive, female reproductive, and 
urinary systems. Its expression at the protein level was con-
sistent with the results at the mRNA level. The differen-
tial expression of CYB561 between the tumor and adjacent 
normal tissues from TIMER is shown in Fig. 2A. CYB561 
was upregulated in BC, bladder urothelial carcinoma, serous 
ovarian carcinoma, and uterine corpus endometrial carci-
noma. In contrast, it had lower expression levels in adreno-
cortical carcinoma and renal chromophobe, and prostate 
adenocarcinoma. CYB561 was highly expressed in BC by 
analyzing 1376 samples from GEPIA. As shown in Fig. 2B 
and C, CYB561 mRNA was significantly upregulated in BC 
tissues (1085 cases) compared with that in normal tissues 
(291 cases) (P < 0.05, Fig. 2C), which was consistent with 
the TIMER data (Fig. 2A). In addition, CYB561 mRNA 
expression levels increased in BC cell lines (Fig. 2D and E).

Fig. 2   Expression of CYB561 mRNA in BC and cell lines. a. Deter-
mination of CYB561 expression levels in different tumor types 
using TIMER (*P < 0.05, **P < 0.01, ***P < 0.001). b. CYB561 
is expressed in various cancers and is increased in breast cancer by 
GEPIA. c. The difference in CYB561 mRNA in the invasive breast 
carcinoma (BRCA) group and the normal group was significant by 
GEPIA (P < 0.05). d. The expression level of CYB561 mRNA was 
elevated in CCLE BC cell lines. e. The expression of CYB561RNA 
in the HPA database was enhanced in all BC cell lines

◂

Fig. 3   Association with CYB561 and prognosis of BC. a. In GEPIA, 
CYB561 was associated with the overall survival of BC patients, and 
the survival rate of the high expression group was poor (P < 0.001). 
b, c. In the Kaplan–Meier drawing platform, CYB561 was associated 
with OS and RFS, and the prognosis of the high expression group 

was poor (P < 0.05). d. CYB561 is related to the prognosis of major 
tumors in GEPIA, such as BRCA, GNM, and LGG. e. CYB561 was 
associated with prognosis in the HER2 positive BC group (P < 0.05). 
f. BC patients with CYB561 expression had reduced overall survival 
(log-rank P = 0.017)
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Moreover, CYB561 was associated with the prognosis 
of BC, glioblastoma multiforme, lower-grade brain gli-
oma, and uterine corpus endometrial carcinoma (Fig. 3D), 
and high CYB561 expression was correlated with worse 
overall survival of breast cancer patients with GEPIA 
(P = 0.00025, n = 700, Fig. 3A). Kaplan–Meier survival 
curve analysis indicated that CYB561 expression signifi-
cantly affected BC prognosis. Patients with CYB561 mRNA 
over-expression had significantly reduced overall survival 
[HR = 1.38 (1.10–1.73), P = 0.006] and recurrence-free sur-
vival [HR = 1.57 (1.39–1.76), P = 2.70e-14] compared with 
those with low CYB561 expression (Fig. 3B and C). In the 
BC subgroup analysis, CYB561 was not associated with 
the prognosis of the HER2 negative group (Fig. 3E), but 
was closely correlated with prognosis in the HER2 positive 
group [HR = 2.89 (1.43–5.85), P = 0.002, Fig. 3E).

CYB561 expression is significantly correlated 
with BC

Immunohistochemical staining of CYB561 expression was 
performed in 24 healthy breast samples, 28 hyperplastic 
breast samples, 30 DCIS samples, 31 para-cancer samples, 
and 232 invasive BC samples. CYB561 was expressed in 
glandular and myoepithelial cells of mammary tissue, posi-
tively localized in the cytoplasm and cell membrane, and 
showed no expression in fibrocytes of the mammary stroma. 
The CYB561 protein was expressed at different levels in 
these five groups. The expression was weak in the acinar 
epithelium, ductal epithelium, and myoepithelial cells of 
the healthy breast (4.17%, 1/24) and para-cancer tissues 
(3.23%, 1/31, Fig. 4A and E), enhanced in invasive BC cases 
(19.83%, 46/232, Fig. 4D and E), and significantly elevated 
in proliferative acinar and ductal epithelial cells (35.71%, 
10/28, Fig. 4B) and DCIS (46.67%, 14/30, Fig. 4C). The 
difference was statistically significant among the five groups 
(χ2 = 25.88, p < 0.001), as shown in Table 1. The difference 
in CYB561 expression between invasive BC and para-cancer 
was also significant (χ2 = 5.14, P = 0.023).

Association of CYB561 and ERBB2/HER2 in invasive 
BC

A strong correlation was observed between CYB561 and 
ERBB2 in both major cancers and BC in TCGA (Fig. 5A). 
CYB561expression and ERBB2 expression were closely 
related in most tumors in the TIMER database (Fig. 5E). 
CYB561 showed a significant positive correlation with 
ERBB2 in pan-cancers, the common cancer species as a 
whole, did not distinguish the types of cancer (γ = 0.44, 
P < 0.01, Fig. 5B), and in invasive BC tissues in TCGA 
(γ = 0.42, P < 0.01, Fig. 5C). We also observed that the 
expression of CYB561 had a positive linear correlation with 
ERBB2 expression in BC in TIMER (cor = 0.38, P = 1.51e-
39, Fig. 5D).

In the clinical cohort, CYB561expression was enhanced 
in HER2 positive BC than in HER2 negative patients 
(χ2 = 9.31, P = 0.002, Table 2). A low degree of linear cor-
relation was observed between CYB561 expression and 
HER2 status (Spearman’s rho = 0.20, P = 0.002). Moreover, 
the difference between CYB561 and HER2 immunohisto-
chemical expression was statistically significant (χ2 = 21.46, 
P < 0.001). Surprisingly, there was a low linear positive cor-
relation between CYB561 immunohistochemical results and 
HER2 expression (Spearman’s rho = 0.26, P < 0.001).

Correlation of CYB561 with TILs in invasive BC

We analyzed CYB561 expression based on the abundance 
of all six types of immune infiltrating cells, including 
B cells, CD4+ T cells, CD8+ T cells, neutrophils, mac-
rophages, and dendritic cells. Our findings demonstrated 
that CYB561 expression had a significant negative corre-
lation with the infiltration level of CD4+ T cells, neutro-
phils, and dendritic cells in BC (Fig. 6A), and the correla-
tion with CD4+ T cells was the strongest (cor = − 0.184, 
P = 9.30e-09). The relationship between the expression 
level of CYB561 and tumor purity was also determined. 
CYB561 expression was significantly positively correlated 
with tumor purity (cor = 0.184, P = 5.18e-09, Fig. 6A), 
indicating its comparative enrichment in tumor cells. 
We found that CYB561 expression was closely related 
to CD4 + T cells in BC and different BC subtypes after 
adjustment for tumor purity (Fig. 6B) and closely related 
to the CD4+ T cell naive subtype by visually analyzing 
the correlation between the expression of CYB561 and 
CD4+ T cell subtypes infiltrating levels in various can-
cer types using the Gene module in TIMER2.0. Similarly, 
the gene copy number of CYB561 was closely related to 
CD4+ T cells (Fig. 6C), the infiltrating levels of CD 4+ 
T cells in BC group with CYB561 arm-level gain and in 
BC group with high amplification were lower than that 
in healthy group. Compared with the healthy group, the 

Fig. 4   CYB561 protein expression in different breast tissues by 
immunohistochemical staining. “Score 0” and “score 1” were inter-
preted as negative, “score 2” and “score 3” were interpreted as posi-
tive. a. CYB561 protein expression was weak in para-cancerous tis-
sue and not detected “score 3” (magnification × 100). b. CYB561 
protein expression was elevated in breast hyperplasia tissue (magni-
fication × 100). c. CYB561 protein expression was elevated in ductal 
carcinoma in  situ (magnification × 100). d. CYB561 protein expres-
sion was enhanced in invasive BC tissues (magnification × 100). 
e. The normal terminal duct-lobular unit shows weak CYB561 
immunoreactivity in the cytoplasm and membranes (left, magnifica-
tion × 100). High expression of CYB561 in invasive BC (right magni-
fication × 100). f. Control for CYB561 staining. Left, negative control 
(magnification × 200); right, pancreatic tissue as a positive control 
(magnification × 200)

◂
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infiltrating levels of neutrophils, macrophages, and den-
dritic cells in BC with an arm-level gain of CYB561 
declined.

The average degree of TILs in clinically invasive BC 
tissue was 12.60 ± 20.58%, ranging from 0 to 90%, with 
a median of 3%. TILs < 10% were considered low-level 
infiltration, and TILs ≥ 10% were considered high-level 

infiltration. Based on association analysis, the difference 
between CYB561expression and TILs infiltration was not 
statistically significant (χ2 = 1.68, P = 0.194, Table 2).

Table 1   Expression of CYB561 in different breast tissues by immunohistochemistry n (%)

Abbreviation: BC breast cancer, DCIS ductal carcinoma in situ

CYB561 Normal breast Hyperplasia breast DCIS Paracance-rous Invasive BC Total χ2 P value

Score 0 17(70.83) 8(28.57) 6(20.00) 22(70.97) 147(63.36) 200(58.97) 43.96  < 0.001
Score1 6(25.00) 10(35.71) 10(33.33) 8(25.81) 40(17.24) 74(21.45)
Score2 1(4.17) 9(32.14) 11(36.67) 1(3.23) 39(16.81) 61(17.68)
Score3 0(0.00) 1(3.57) 3(10.00) 0(0.00) 6(2.59) 10(2.90)
Negative 23(95.83) 18(64.29) 16(53.33) 30(96.77) 186(80.17) 273(79.13) 25.88  < 0.001
Positive 1(4.17) 10(35.71) 14(46.67) 1(3.23) 46(19.83) 72(20.87)
Total 24 28 30 31 232 345

Fig. 5   Association with CYB561 and ERBB2 in BC and major 
tumors. a. There was an association with CYB561 and ERBB2 in 
major tumors in TCGA. b. There was a positive correlation between 
CYB561 and ERBB2 in para-cancers in TCGA (P < 0.001). c. 
CYB561 was positively correlated with ERBB2 expression in inva-

sive BC in TCGA (P < 0.001). d. The expression of CYB561 had a 
positive linear correlation with ERBB2 expression in BC in TIMER 
(cor = 0.38, P = 1.51e-39). e. CYB561expression and ERBB2 expres-
sion were closely related in most tumors in TIMER
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GSEA of CYB561

The results of single gene GSEA of CYB561 showed that 
the high CYB561 expression group was mainly enriched in 
Wnt/β-catenin signaling, peroxisomes, PI3K/ Akt /mTOR 
signaling, and other pathways (Fig. 6D).

Association between CYB561 expression and other 
clinicopathological characteristics in invasive BC

Based on the association analysis, the difference in CYB561 
expression among different histological grades and molecu-
lar subtypes was statistically significant (χ2 = 6.62, P = 0.037; 
χ2 = 8.14, P = 0.043), as shown in Table 2. A low linear posi-
tive correlation was observed between CYB561 positivity 
and histological grade (Spearman’s rho = 0.17, P = 0.011).

CYB561 expression is correlated with decreased 
survival among BC patients

The follow-up period of 232 patients with BC ranged from 
1 to 113 months, with a median time of 67 months. The 
3 year and 5 year disease-free survival rates were 84.52% 
and 76.63%, respectively, and the overall survival rates 
were 87.77% and 79.88%, respectively. At the endpoint, 
43 patients died, and 189 were alive. Kaplan–Meier sur-
vival analysis indicated that patients with positive CYB561 
expression had significantly reduced overall survival com-
pared to those who were negative (log-rank χ2 = 5.67, 
P = 0.017, Fig. 3F). Based on the univariate analysis using 
the Cox regression model, CYB561 expression [HR = 1.46, 
95% CI (1.06–2.01); P = 0.020] was considered a strong 
prognostic factor for poor overall survival (Table 3). In 

Table 2   The association with CYB561 and clinicopathological fac-
tors in invasive BC

Clinicopatho-
logic character-
istics

n CYB561(-) CYB561( +) χ2 P

Nationality
 Tibetan 32 28(87.50) 4(12.50) 1.25 0.263
 Han 200 158(79.00) 42(21.000)

Histological type
 IDC 222 177(79.73) 45(20.27) 0.64 0.426
 no-IDC 10 9(90.00) 1(10.00)

Grading
 1 19 17(89.47) 2(10.53) 6.62 0.037*

 2 151 126(83.44) 25(16.56)
 3 62 43(69.35) 19(30.65)

PTNM stage
 I 52 45(85.54) 7(13.46) 2.94 0.230
 II 121 92(76.03) 29(23.97)
 III 59 49(83.05) 10(16.95)

T stage
 T1 95 79(83.16) 16(16.84) 2.80 0.424
 T2 125 96(76.80) 29(23.20)
 T3 5 5(100.00) 0(0.00)
 T4 7 6(85.71) 1(14.29)

LN metastasis
 0 114 95(83.33) 19(16.67) 1.41 0.235
 1 118 91(77.12) 27(22.88)

Vascular invasion
 No 104 84(80.77) 20(19.23) 0.04 0.837
 Yes 128 102(79.69) 26(20.31)

Nerve invasion
 No 158 130(82.28) 28(17.72) 1.38 0.240
 Yes 74 56(75.68) 18(24.32)

Subtype
 LA 46 41(89.13) 5(10.87) 8.14 0.043*

 LB 121 94(77.69) 27(22.31)
 HER2 +  39 27(69.23) 12(30.77)
 TN 26 24(92.31) 2(7.69)

ER status
 Negative 66 54(81.82) 16(18.18) 0.16 0.692
 Positive 166 132(79.52) 34(20.48)

PR status
 Negative 94 74(78.72) 20(21.28) 0.21 0.648
 Positive 138 112(81.16) 26(18.84)

HER2 status
 Negative 146 126(86.30) 20(13.70) 9.31 0.002*

 Positive 86 60(69.77) 28(30.23)
HER2 IHC staining results
 0 70 64(91.43) 6(8.57) 21.46  < 0.001
 1 +  45 42(93.33) 3(6.67)
 2 +  49 32(65.31) 17(34.69)
 3 +  67 47(70.15) 20(29.85)

Abbreviation: BC breast cancer, IDC invasive ductal carcinoma, T 
tumor size, LN lymph node, ER estrogen receptor, PR progesterone 
receptor, HER2 Human epidermal growth factor receptor 2, IHC 
immunohistochemistry, TILs Tumor infiltrating lymphocytes, LB 
Luminal B, HER2 +  HER2 over expression, TN Triple-negative
*: P < 0.05

Table 2   (continued)

Clinicopatho-
logic character-
istics

n CYB561(-) CYB561( +) χ2 P

Ki-67 index
  < 20% 91 73(80.22) 18(19.78)  < 0.001 0.988
  ≥ 20% 141 113(80.14) 28(19.86)

TILs
  < 10% 177 123(77.85) 35(22.15) 1.68 0.194
  ≥ 10% 74 64(85.14) 11(14.86)
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multivariate analysis, CYB561 expression was not independ-
ent of lymph node metastasis, PR status, and nationality for 
overall survival (P = 0.088, Table 4). In addition, high infil-
tration of TILs (≥ 10%) was associated with longer disease-
free survival (log-rank χ2 = 6.11, P = 0.013) and overall sur-
vival (log-rank χ2 = 4.47, P = 0.034) (Table 3). 

Discussion

CYB561 is a single-copy protein-coding gene that is highly 
conserved throughout phylogeny. We found that CYB561 
mRNA expression was increased in many malignant tumors 
and significantly elevated in BC subtypes. We confirmed 

Fig. 6   Association with CYB561 and immune cell infiltration in BC 
in TIMER and GSEA. a. The level of CYB561 expression had a posi-
tive correlation with tumor purity and a negative correlation with the 
infiltration level of CD4+ T cells, neutrophils, and dendritic cells in 
BC in TIMER. b. The association between CYB561expression and 
CD4+ T cell subtype infiltration levels in various cancer types in 
TIMER2.0. CYB561 was associated with CD4+ T cells and closely 
related to the CD4+ T cell naive subtype in BC. c. Relationship 

between CYB561 copy numbers and levels of immune cell infiltration 
in BC. The infiltration level of CD 4+ T cells in BC with arm-level 
gain and high amplification of CYB561 was lower than the healthy 
group (P < 0.001), P value Significant Codes: 0 ≤ *** < 0.001 ≤ ** < 
0.01 ≤ * < 0.05 ≤ . < 0.1. d. GSEA showed that the enrichment path-
ways of CYB561 included peroxisomes, Wnt/β-catenin signaling, and 
the PI3K/Akt /mTOR signaling pathways
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CYB561 expression and cellular localization in breast tissue. 
We found that CYB561 expression in DCIS and invasive BC 
was higher than that in para-cancer tissue, suggesting that it 
may play an important role in the occurrence and develop-
ment of BC. Therefore, we further analyzed the relation-
ship between CYB561 and BC prognosis and discovered 
that CYB561 mRNA and protein expression were closely 
related to reduced overall survival, indicating that CYB561 
may become an important prognostic biomarker for BC. To 
our knowledge, this is the first study to identify an associa-
tion between CYB561 and BC prognosis.

We further investigated the relationship between CYB561 
expression and the clinicopathological characteristics of BC. 
BC with HER2 overexpression has a high degree of malig-
nancy, is prone to early recurrence and metastasis, and has 
a poor overall survival prognosis (Zeng et al. 2015). Most 
of the advanced HER2-positive BC patients were resistant 

to trastuzumab treatment within 1 year, and the patients 
who survived for more than 5 years accounted for only 
25–30% (Yardley et al. 2014). Therefore, it is of great sig-
nificance to explore the factors influencing poor prognosis 
in BC patients with HER2 positivity for the screening and 
diagnosis of patients at high risk of recurrence. Our clinical 
cohort showed that the positive expression of CYB561 was 
positively correlated with HER2 expression. We showed that 
CYB561 expression was increased in HER2-positive BC, 
correlated with HER2 and molecular subtypes, and closely 
associated with the prognosis of HER2-positive BC. Unfor-
tunately, there was no correlation between CYB561 expres-
sion and the prognosis of HER2-positive BC in the clinical 
cohort, which may be related to the number of specimens. 
Therefore, the correlation between CYB561 and HER2-pos-
itive BC and its specific mechanism deserves further study.

Table 3   Univariate analysis of 
DFS and OS for CYB561 and 
clinicopathological factors

Abbreviation: DFS disease-free survival, OS overall survival, HR Hazard ratio, CI confidence interval, 
T tumor size, LN lymph node, ER estrogen receptor, PR progesterone receptor, HER2 Human epidermal 
growth factor receptor 2, TILs tumor-infiltrating lymphocytes, LB Luminal B, HER2 + HER2 over expres-
sion, TN Triple-negative
* : P < 0.05

Factors Disease-free survival Overall survival

HR 95% CI χ2 P value HR 95% CI χ2 P value

Nationality 0.43 0.22–0.88 5.45 0.020* 0.45 0.21–0.97 4.20 0.040*

Histological type 1.70 0.53–5.48 0.78 0.376 2.23 0.68–7.26 1.76 0.184
Grading 3.24 0.198 1.32 0.516
 Grade 2 1.07 0.38–3.06 0.02 0.897 1.37 0.42–4.52 0.27 0.605
 Grade 3 1.84 0.62–5.53 1.19 0.275 1.87 0.53–6.56 0.95 0.330

pTNM stage 10.17 0.006* 7.95 0.019*

 Stage II 1.99 0.75–5.28 1.91 0.167 3.44 1.03–11.55 4.01 0.045
 Stage III 4.03 1.52–10.67 7.87 0.005 5.46 1.61–18,50 7.42 0.006

T stage 7.81 0.050* 8.01 0.046*

 T2 2.53 1.31–4.89 7.61 0.006 2.74 1.34–5.60 7.68 0.006
 T3 0.00 0.00–

7.29E + 242
0.001 0.971 0.00 0.00–

4.06E + 265
0.001 0.974

 T4 2.77 0.62–12.40 1.77 0.183 3.27 0.71–14.99 2.32 0.127
LN metastasis 3.43 1.75–6.74 12.87  < 0.001 3.60 1.72–7.52 11.62 0.001*

Vascular invasion 1.95 1.07–3.55 4.71 0.030* 1.59 0.85–2.94 2.13 0.144
Nerve invasion 1.82 1.03–3.23 4.23 0.040* 1.54 0.84–2.84 1.96 0.162
Subtype 6.84 0.077 6.27 0.099
LB 3.74 1.31–10.66 6.10 0.014 4.48 1.36–14.78 6.06 0.014
HER2 +  3.20 0.96–10.64 3.60 0.058 3.75 0.97–14.53 3.67 0.055
TN 4.53 1.33–15.50 5.81 0.016 4.69 1.17–18.75 4.77 0.029
ER status 0.72 0.40–1.32 1.14 0.287 0.77 0.41–1.46 0.63 0.429
PR status 0.36 0.20–0.65 11.66 0.001* 0.46 0.25–0.84 6.23 0.013*

HER2 status 2.12 1.20–3.72 6.71 0.010* 1.88 1.03–3.42 4.26 0.039*

Ki67 index 1.86 1.00–3.48 3.83 0.050 1.93 0.99–3.76 3.74 0.053
TILs 0.36 0.16–0.81 6.11 0.013* 0.42 0.19–0.94 4.47 0.034*

CYB561 status 1.32 0.96–1.81 2.84 0.092 1.46 1.06–2.01 5.39 0.020*
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In addition, we observed that CYB561 expression in clin-
ically invasive breast carcinoma specimens was positively 
correlated with histological grade. In other words, the higher 
the histological grade, the higher the expression of CYB561. 
Histological grading reflects the degree of tumor cell differ-
entiation and is a clinicopathological factor associated with 
poor prognosis. This finding implied that the measurement 
of CYB561 could provide additional prognostic information 
and further reflects that CYB561 is related to cell prolifera-
tion and differentiation.

To further study the possible mechanism of action of 
CYB561 in BC, we investigated its relationship with cell 
metabolism, proliferation, iron metabolism, and TILs. 
CYB561 members are involved in cell metabolism and 
mitochondrial activation (Polak et al. 2014). They can affect 
heart rate and blood pressure by regulating the adrenaline 
pathway and participating in iron uptake, ascorbic acid 
regeneration of neuroendocrine tissue, and tumor growth. 
A pathogenic homozygous mutation of the CYB561 gene 
can stop norepinephrine synthesis and cause a new autoso-
mal recessive postural hypotension syndrome (van den Berg 
et al. 2018). Notably, CYB561 expression was stronger in 
breast hyperplasia tissue and DCIS, and its expression was 
higher than that in invasive carcinoma. The performance of 
CYB561 was similar to that of HER2. This finding indicated 
that CYB561 is closely related to the proliferation of mam-
mary ductal epithelial cells. This difference may be related 
to different genetic manifestations at various stages of BC 
development.

As shown above, the association between CYB561 and 
HER2 is very close. HER2 amplification can promote cell 
proliferation, protein synthesis, apoptosis resistance, and 
cell cycle progression, promoting tumor initiation and pro-
gression. Both CYB561 and HER2 are located on human 
chromosome 17q, which may affect each other and amplify 
simultaneously. In addition, CYB561 and HER2 may inter-
act and influence each other through their joint participation 
in the PI3K/Akt/mTOR signaling pathway. We found that 
CYB561 expression was enriched in the PI3K/Akt/mTOR 
signaling pathway. Over-activated gene changes in the PI3K/
Akt/mTOR signaling pathway occur in approximately 60% 
of BC cases (Engelman 2009). Activation of this signal-
ing pathway is also one of the causes of anti-HER2 drug 
resistance (André et al. 2016). Hence, further studies are 
needed to explore the possible modes of action of CYB561 
and HER2 in this signaling pathway.

Iron plays an important role in mammalian cell repli-
cation, metabolism, and growth (Crichton 2016) and can 
produce important iron-containing enzymes (including 
mitochondrial enzymes and DNA synthase involved in the 
respiratory complex) and blood-containing enzymes (per-
oxidase and catalase). As a potentially toxic substance, 
iron is also involved in cancer, participating in free radical 
generation reactions by acquiring and losing electrons via 
the Fenton reaction. The reaction between ferrous iron and 
H2O2 produces hydroxyl radical reactive oxygen species 
(Akatsuka et al. 2012). The CYB561 family has an electron 
transfer function owing to its unique molecular structure. 

Table 4   Cox regression 
multivariate analysis of 
CYB561expression and 
clinicopathological factors for 
DFS and OS survival

Abbreviation: DFS disease-free survival, OS overall survival, HR hazard ratio, CI confidence interval, T 
tumor size, LN lymph node, PR progesterone receptor, HER2 Human epidermal growth factor receptor 2, 
TILs tumor-infiltrating lymphocytes
*: P < 0.05

Factors Disease-free survival Overall survival

HR 95% CI χ2 P value HR 95% CI χ2 P value

Nationality 0.29 0.13–0.67 8.33 0.004* 0.35 0.15–0.85 5.34 0.021*

pTNM stage 1.62 0.446 1.36 0.508
 Stage II 0.97 0.35–2.68  < 0.01 0.950 1.62 0.47–5.64 0.58 0.447
 Stage III 1.45 0.51–4.11 0.48 0.486 2.06 0.57–7.45 1.21 0.272

T stage 2.14 0.543 2.90 0.408
 T2 1.61 0.78–3.33 1.63 0.201 1.85 0.88–3.87 2.64 0.104
 T3 0.00 0.00  < 0.01 0.974 0.00 0.00 0.001 0.977
 T4 0.88 0.18–4.26 0.03 0.874 1.12 0.23–5.43 0.02 0.886

LN metastasis 2.09 0.96–4.57 3.45 0.063 2.60 1.21–5.59 6.00 0.014*

Vascular invasion 1.56 0.75–3.22 1.44 0.231
Nerve invasion 1.06 0.55–2.05 0.03 0.858
PR status 0.27 0.13–054 13.33  < 0.001 0.42 0.21–0.85 5.80 0.016*

HER2 status 1.42 0.75–2.67 1.15 0.285 1.27 0.65–2.46 0.48 0.488
TILs 0.32 0.13–0.77 6.42 0.011* 0.46 0.20–1.09 3.13 0.077
CYB561 status 1.33 0.96–1.84 2.91 0.088
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Dcytb can reduce trivalent iron in the diet to ferrous iron, 
allowing iron to be absorbed by divalent metal transporter 1 
(DMT1) and mediating the reduction and absorption of duo-
denal dietary iron (Latunde-Dada et al. 2002; Wyman et al. 
2008). Therefore, we speculated that CYB561 in mammary 
epithelial cells may also be involved in iron metabolism 
owing to its similar molecular structure, thus participating 
in the proliferation of mammary cells and the occurrence of 
BC. CYB561 may be one of the initiating factors of BC, or 
it may be a passive amplification caused by the excessive 
proliferation of BC cells. Thus, an increase in iron ions is 
required, resulting in the passive enhancement of CYB561 
mRNA synthesis and protein translation. As shown in our 
experiment, CYB561 expression was increased in breast 
hyperplasia and DCIS, and the expression level of CYB561 
in BC was higher than that in adjacent cancer tissues. The 
specific mechanism is worth exploring further.

TILs are the main components of the tumor immune 
microenvironment and are closely related to BC prognosis 
and chemotherapy efficacy. The TIL content was signifi-
cantly correlated with the histological grade of HER2-pos-
itive BC (Raphael et al. 2016). TILs are a positive prog-
nostic marker of TNBC, and the prognostic value of TILs 
in TNBC was considered grade I evidence (Simon et al. 
2009). The online data analysis showed that CYB561 was 
correlated with CD4+ T lymphocytes, neutrophils, and 
dendritic cells. Among them, the expression of CYB561m-
RNA and gene copy number were most related to CD4+ T 
lymphocytes, which promoted tumor growth (Dushyanthen 
et al. 2015). Our clinical cohort analysis confirmed a cor-
relation between TILs and BC prognosis. However, there 
was no correlation between the expression of CYB561 and 
the degree of TIL infiltration in invasive BC. Given the 
inconsistency between online data and clinical cohorts, 
more clinical data are required for further study.

Conclusions

This study showed CYB561mRNA and protein were 
upregulated in BC tissues and associated with ERBB2/
HER2, immune cells, histological grade, and molecular 
subtypes. CYB561 expression is associated with poor 
prognosis in patients with BC and could be used as a clini-
cal biomarker to predict prognosis.
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