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Renalase overexpression in ER-positive breast cancer
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Abstract: Objectives: To explore the expression and pathologic significance of renalase in tumor tissues of dif-
ferent molecular subtypes of breast cancer. Design: Immunofluorescence methods and laser confocal scanning 
microscope observations were used to detect expression of renalase, estrogen receptor (ER), phospho-extracellular 
signal-regulated kinase 1 and 2 (p-ERK1/2), and phospho-signal transducer and activator of transcription (p-STAT3) 
in 58 cases of breast cancer tissue, 11 normal tissues, and 14 benign fibroadenomas. Statistical analysis of its 
expression in different molecular subtypes of breast cancer was employed. Results: Compared with control tissue 
(benign lesions and normal breast tissue), renalase was highly expressed in invasive breast cancer and the differ-
ence was significant (P<0.0001). Renalase was also expressed significantly higher in ER-positive breast cancer, 
compared with control tissue (P<0.0001). There was a positive correlation between renalase and ER expression in 
breast cancer tissues (R=0.7246, P<0.0001) and a positive correlation between renalase and p-ERK 1/2 expres-
sion (R=0.6599, P<0.0001). Renalase had no significant correlation with p-STAT3 protein expression. Conclusion: 
Renalase is a new molecular marker for ER-positive breast cancer and may become a potential therapeutic target 
for the ER-positive/HER2-negative subtype breast cancer. Renalase may promote high ER expression and breast 
cancer cell proliferation and growth through the p-ERK1/2 pathway.
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Introduction

Breast cancer is the most common malignancy 
in Chinese women. Its morbidity and mortality 
is increasing, and the average age of onset  
is getting younger [1-3]. Histopathologically, 
breast cancer can be divided into different sub-
types [4]. In the past, immunohistochemical 
methods rather than molecular classification 
have been widely used to identify different sub-
types of breast cancer [5-7], including the lumi-
nal A (ER-positive, PR (progesterone receptor, 
PR)-positive more than 20%, HER2-negative, 
Ki67 less than 20%), luminal B1 (ER-positive, 
PR-positive less than 20%, HER2-negative, 
Ki67 more than 20%), luminal B2 (ER-positive 
and/or PR-positive, HER2-positive), HER2-like 
(HER2-positive, ER-negative, PR-negative and 
Ki67 any value), and basal-like types (HER2-
negative, ER-negative, PR-negative, CK5/6-
positive and/or EGFR-positive).

Sixty to seventy percent of all breast cancers 
are ER-positive [8, 9]. Existing endocrine thera-

py can reduce metastasis and the recurrence 
rate of breast cancer and prolong life in 
ER-positive breast cancer. However, about one-
third of ER positive breast cancer patients do 
not respond to endocrine therapy [10, 11]. 
Therefore, research on other methods of ER- 
positive breast cancer treatment, for examp- 
le targeting other markers and pathways, is 
necessary.

Recent research shows that renalase is a flavin 
adenine dinucleotide-dependent amine oxi-
dase secreted by the kidney [12-14] that can 
protect cells by ameliorating ischemia and 
decreasing cytotoxic effects through the PI3K-
AKT and mitogen-activated protein kinase 
(MAPK) pathways [15]. One study found that 
renalase functions as a growth factor for pan-
creatic cancer cells, and that its expression is 
negatively correlated with the prognosis [16]. 
This study also confirmed that the expression 
level of renalase mRNA in various malignan-
cies, including breast cancer, is significantly 
higher than in normal tissues. However, the 
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expression of renalase protein in breast cancer 
cells has not been reported and important 
questions remain to be answered, including the 
following: (a) is renalase highly expressed in 
breast cancer cells as well; (b) what are its 
expressions levels in breast cancer cells; and 
(c) is there a connection between renalase and 
ER? Experimental research on the expression 
of renalase in breast cancer tissues and on rel-
evant protein expression pathways is neces-
sary to establish whether renalase could be 
used as a new breast cancer tumor marker and 
as a target in future therapies.

Materials and methods

Patients

The complete data, including age, tumor size, 
lymph node metastasis, tumor grade, tumor 
stage, of 58 breast cancer patients were 
obtained from the Department of Pathology of 
Shenzhen Traditional Chinese Medicine Ho- 
spital. All of the patients were female, with no 
prior chemotherapy, endocrine, or immunother-
apy treatment. The tumor was graded accord-
ing to the 2012 WHO breast tumor classifica-
tion standard and staged according to the 
AJCC2017 standard [17]. Twenty-five patients 
with benign breast lesions and normal breast 
tissue were randomly selected as control group 
(including 11 normal tissues and 14 benign 
fibroadenomas). The protocol of the present 
study was reviewed and approved by the local 
ethics committee.

Sample preparation

Paraffin-embedded samples were processed 
for immunohistochemistry and immunofluores-
cent staining. The specimens were fixed in 10% 
neutral-buffered formalin and embedded in 
paraffin and cut into 4-μm serial sections. The 

0.04% Triton X-100, blocked with 10% normal 
goat serum and 0.5% bovine serum albumin in 
PBS for 1 hour, and treated overnight at 4°C 
with the following primary antibodies: rabbit 
polyclonal antibody against ER (1:50 dilution; 
clone: SP1, Labvision), rabbit polyclonal anti-
body against PR (1:100 dilution; clone: SP2, 
Labvision), rabbit polyclonal antibody against 
HER2 (1:100 dilution; clone: EP3, Labvision), 
mouse monoclonal antibody against Ki67 
(1:100 dilution; clone: MIB-1, Labvision) or mo- 
use monoclonal antibody against CK5/6 (1:100 
dilution; clone: D5/16B4, Labvision). The sec-
tions were washed 3 times in PBS for 10 min-
utes each and incubated in biotinylated sec-
ondary antiserum (Vectastain ABC kit, Vector 
Lab) for 30 minutes at room temperature. The 
sections were rinsed and incubated in ABC 
reagents (Vectastain ABC kit) for 30 minutes 
and then washed thoroughly and incubated  
in 0.05% diaminobenzidine (DAB) and 0.03% 
H2O2 for 3-5 minutes until brown reaction 
product was observed.

Immunohistochemical staining and manual 
scoring for ER, PR, HER2, Ki67 and CK5/6 were 
performed by a trained pathologist without 
knowledge of case outcomes. Table 1 summa-
rizes the criteria of molecular classification of 
invasive breast cancer. Samples were scored 
as positive for ER or PR when 10% or more  
of tumor cell nuclei showed positive staining  
for ER and PR, respectively. For HER2, the 
American Society of Clinical Oncology/College 
of American Pathologists (ASCO/CAP) guideline 
and a membrane-staining score ranging from 0 
to 3+ were used (a score of zero means no 
staining; 1+ means that 10% of cells or less 
show faint, barely perceptible, incomplete cell 
membrane staining; 2+ means that at least 
10% of cells show staining with complete, weak 
to moderate cell membrane staining; and 3+ 

Table 1. Criteria of molecular classification of invasive 
breast cancer

Subtype
Markers

ER PR HER2 Ki67 CK5/6
Luminal A >10%+ >10%+ - <20%+ -
Luminal B (HER2-) >10%+ any - >20%+ -
Luminal B (HER2+) >10%+ any + any -
HER2-Overexpression - - + any -
BLBC - - - any >10%+
Abbreviation: IHC: immunohistochemical, FISH: fluorescence in situ 
hybridization, BLBC: basal-like breast cancer.

paraffin-embedded tissues were then 
dewaxed in xylene, rehydrated in a 
graded ethanol series of decreasing 
ethanol concentrations, and rinsed in 
PBS. Finally, the relevant antigens 
were retrieved with EDTA (for HER2, 
CK5/6, p-ERK1/2, p-STAT3, and re- 
nalase) and citric acid (for ER, PR and 
Ki67).

Immunohistochemistry

For immunohistochemical staining, 
the sections were permeabilized with 
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means that at least 10% of cells show circum-
ferential, complete, and intense membrane 
staining). HER2 was considered positive when 
the score was 3+. CK5/6 was considered to be 
positive when more than 10% of tumor cells 
membranes or cytoplasms showed staining.

Confocal microscopy

For immunofluorescent staining, sections were 
blocked and incubated overnight at 4°C with 
primary antibodies as mentioned above. The 
dilution of the primary antibodies against re- 
nalase (clone: ERP4212, Abcam, Cambridge, 
UK), p-ERK1/2 (clone: Thr202/Tyr204, Cell 
Signaling Technology Inc., Danvers, MA, USA) 
and p-STAT3 (clone: Tyr705/M9C6, Cell Si- 
gnaling Technology Inc., Danvers, MA, USA) was 
1:70, 1:50, and 1:50, respectively. After wash-
es in PBS, sections were incubated with fluo-
rescence-conjugated secondary antibodies (1: 
200 dilution, Alexa Fluor 568, Thermo fisher, 
USA) for 1 hour at room temperature. Sections 
were washed and counterstained with nuclear 
dye 4,6-diamino-2-phenylindole (DAPI). The 
resulting images were visualized and captured 
on a confocal microscope (LSM710, Carl Zeiss, 
Germany). A total of 3-5 photographs were ran-
domly selected in each breast section to calcu-
late the renalase fluorescence intensity, ER and 
p-ERK1/2 positive areas.

Statistical analysis

Renalase fluorescence intensity is expressed 
as mean ± SD. Statistical differences between 
two groups were analyzed using unpaired 
Student’s t tests. Differences among multiple 
groups were analyzed using one-way ANOVA. 
Bivariate correlation analysis was performed to 
elucidate the associations between the fluores-
cence intensity of renalase and ER or p-ERK1/2 
positive area ratio, and the statistical signifi-
cance was evaluated by the Pearson’s correla-
tion test. Statistical analyses were performed 
using SPSS statistical software, version 16.0; 
P<0.05 was considered statistically significant.

Results

Clinical characteristics

Fifty-eight breast cancer patients, aged 29-82, 
were examined. The median age was 46 years. 
There were 4 grade I, 15 grade II, and 39 grade 
III cases and 11 stage I, 38 stage II, and 9 stage 
III cases. There were 36 cases of positive 
breast cancer-16 luminal A and 20 luminal B 
cases (3 of the luminal B cases were HER2 pos-
itive). There were 18 cases of axillary lymph 
node metastasis (Table 2).

Pathological classification

Using immunohistochemical-rather than the 
commonly employed molecular classification-
method to detect ER, PR, Ki67, CK5/6 and 
HER2, we found that of the 58 cases of breast 
cancer, 36 cases were ER positive, and 16 lumi-
nal A and 20 luminal B cases (3 of the 20 lumi-
nal B cases were HER2 positive). There were 13 
cases of basal type breast cancer, and 9 cases 
of HER2-overexpression breast cancer (Figure 
1).

Renalase expression in IBC

Laser confocal microscopy was used to detect 
expression of renalase in tumor tissues and 
statistical analysis of renalase expression for 
different types of breast cancer was performed. 
We found that the renalase fluorescence level 
in the 58 examined cases of invasive breast 
cancer was significantly stronger than that in 
the normal control group with a significant dif-
ference (P=0.0002) (Figure 2A). There was a 
statistically significant difference between the 

Table 2. Clinical characteristics of patients with 
invasive breast cancer
Characteristics Subcategories Total samples
Age (years) 46.40±11.29 58
Tumor size (cm) ≤2 20

2-5 33
>5 5

Lymph node metastasis Yes 18
No 40

Grade I 4
II 15
III 39

Stage I 11
II 38
III 9

Subtypes Luminal A 16
Luminal B 20

BLBC 13
HER2+ 9
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Figure 1. Pathological characteristics of normal breast and IBC tissue. A-D. Normal breast tissue. A. Terminal ductal 
lobular structure (HE staining). B. ER expression in epithelial cells with strong and weak heterogeneity in the small 
lobule. C. p63 was positive in normal breast myoepithelial cells. D. CK5/6 showed a positive expression in normal 
breast glandular epithelium. E-H. HER2- overexpression breast cancer. E. Morphological features of infiltrating carci-
noma (HE staining), cancer cells in invasive growth pattern. F. Cancer cells are ER negative. G. Immunohistochemi-
cal staining reveals HER2 positive cells (3+). H. High level of Ki67 expression with more than 50% nuclear positive 
cells. I-L. Luminal A type breast cancer. I. Morphological features of invasive carcinoma with no special type (HE 
staining). J. Immunohistochemically strong positive for ER with high level of expression (more than 90% nuclear 
positive cells), K. HER2 negative, L. Low expression of Ki67 with less than 5% nuclear positive cells. M-P. Luminal 
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control group and the 16 cases of luminal A 
breast cancer (P<0.0001) and between the 
control group and the 20 cases of luminal B 

breast cancer (P<0.0001). However, there was 
no statistically significant difference between 
the control group and the 9 cases of HER2-

B type breast cancer. M. Morphological features of invasive carcinoma with no special type (HE staining), N. High 
expression for ER with more than 90% the nuclear positive cells. O. HER2-negative breast cancer. P. High level of 
Ki67 expression with more than 40% nuclear positive cells. Q-T. BLBC type breast cancer. Q. Morphological features 
of invasive carcinoma with no special type (HE staining). R. IHC, ER negative. S. IHC revealed EGFR positive cells 
(3+). T. IHC, Cytoplasmic positive (3+) for CK5/6. Scale bar, 100 um.

Figure 2. Renalase expression in normal breast tissue and all subtypes of IBC tissue. A. Comparison of renalase flu-
orescence intensity in normal control group (n=25) and IBC group (n=58). Data are mean ± SD. ***P<0.001 when 
compared to control group. B. Comparison of renalase fluorescence intensity in normal control (n=25), HER2-Over-
expression (n=9), luminal A (n=16), luminal B (n=20) and BLBC (n=13) group. Data are mean ± SD. ***P<0.001 
when compared to control group. C. Representative confocal immunofluorescence images of renalase staining. 
Red, renalase staining. Blue, DAPI staining of the nucleus. Scale bar, 100 um.
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Figure 3. Renalase expression in normal breast tissue and ER positive IBC tissue. A. Comparison of renalase fluores-
cence intensity in normal control group (n=25) and ER positive IBC group (n=36). Data are mean ± SD. ***P<0.001 
when compared to control group. B. Co-immunostaining to show the localization of renalase (red) and ER (green). 
Blue, DAPI staining of the nucleus. Scale bar, 100 um. C. Correlation between renalase fluorescence intensity and 
ER positive ratio in normal control (n=15) and ER positive IBC (n=17) sections. The correlation coefficient (R) was 
0.7246 and the statistical significance (P) less than 0.0001.

Figure 4. The relation of renalase and p-ERK1/2 expression in ER-positive IBC. A. Colocalization of renalase with 
p-ERK1/2, as stained in serial tissue section images. Red for renalase staining, green for p-ERK1/2.Blue for DAPI 
staining of the nucleus. Scale bar, 100 um. B. Correlation between renalase fluorescence intensity and p-ERK1/2 
positive ratio in normal control (n=11) and ER positive IBC (n=19) sections. R=0.6599, P<0.0001. C. P-STAT3 
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overexpression breast cancer (P=0.7131) or 
between the control group and the BLBC type 
of breast cancer cases (P=0.1659) (Figure 2B). 

The red fluorescence signal from renalase was 
significantly stronger in luminal A breast cancer 
compared with the other subtypes of breast 
cancer. The intensity of the renalase fluores-
cence signal of luminal B breast cancer was 
also stronger. On the other hand, the intensity 
of the renalase fluorescence signal of both 
HER2-overexpression and BLBC subtype breast 
cancer was weak. Weak renalase fluorescence 
signals emitted by epithelial cells in the termi-
nal ductal-lobular unit (TDLU) were also found 
in the control group. In addition, the fluores-
cence signals emitted by mesenchymal cells in 
normal breast tissue were weak and signifi-
cantly different from the fluorescence signal 
intensity of renalase in invasive carcinoma 
(Figure 2C).

Renalase expression in ER-positive IBC

The finding that the renalase expression is sig-
nificantly higher in both luminal A as well as 
luminal B breast cancer than that of the normal 
group suggests that renalase expression is 
high in ER positive breast cancer. We compared 
renalase expression of all the ER positive 
breast cancer cases with normal breast tissue. 
Renalase expression in the 36 cases of ER pos-
itive breast cancer (16 cases of luminal A and 
20 cases luminal B) was significantly higher 
than that of 25 cases of normal breast tissue 
(P<0.0001) (Figure 3A). 

ER negative cells showed weak expression of 
renalase. In ER positive breast cancer, renalase 
positive red fluorescence was observed in the 
cancer cell cytoplasm, while ER showed a 
strong positive green fluorescence in the nucle-
us. In normal breast tissue, the cytoplasm of 
the epithelial cells in TDLU emitted a uniform 
weak red fluorescence, whereas ER emitted an 
uneven green fluorescence (Figure 3B). In ER 
positive breast cancer, the intensity of renalase 
fluorescence was significantly correlated with 
the expression level of ER. There was a statisti-
cally significant correlation between renalase 

expression and ER expression ratio in ER  
positive breast cancer (R=0.7246, P<0.0001) 
(Figure 3C).

The relation of renalase and p-ERK1/2 expres-
sion in ER-positive IBC

In ER positive breast cancer, the fluorescence 
intensity of renalase was significantly correlat-
ed with the fluorescence intensity of p-ERK1/2. 
In the tumor tissue, p-ERK1/2 showed strong 
green fluorescence and renalase showed sig-
nificant red fluorescence. In normal breast tis-
sue, the p-ERK1/2 in the epithelial cells of 
TDLU showed a faint green fluorescence and 
the same breast tissue showed a faint red fluo-
rescence in different sections (Figure 4A). 
Expression of renalase was positively correlat-
ed with p-ERK1/2 expression (R=0.6599, P< 
0.0001) (Figure 4B). 

p-STAT3 expressed in normal breast tissue of 
the epithelial cells and myoepithelial cells was 
more highly localized to the nucleus of myoepi-
thelial cells. The positive expression rate of 
p-STAT3 in ER positive breast cancer was low. 
Expression of p-STAT3 was located in the cyto-
plasm and the nucleus of tumor cells (Figure 
4C). Fluorescence staining showed that p- 
STAT3 and renalase were not correlated, there-
fore no correlation analysis was performed.

Discussion

Renalase was first found in kidney tissue [18]. It 
is a novel flavin adenine dinucleotide-depen-
dent amine oxidase secreted by the kidney and 
is mainly expressed in the renal proximal 
tubule. Desir [19] recently found that renalase 
may be a cytokine that plays a protective role in 
cells by activating the MAPK signaling pathway. 
Currently, research on renalase has focused on 
the kidneys and the cardiovascular system. 
Renalase is also expressed in myocardial, liver, 
skeletal muscle, peripheral nerve, adrenal, and 
adipose tissue cells [20], indicating that it is 
widely available in the human body. Our study 
found that in normal breast tissue, renalase 
shows constant expression with weak fluores-
cence in adenoepithelial, myoepithelial, and 

(green) and renalase (red) expression in control and ER-positive IBC. p-STAT3 was expressed in the normal breast 
tissue of the epithelial and myoepithelial cells, in the myoepithelial cells it was expressed in the nuclei of the cells. 
The positive expression rate of p-STAT3 in ER positive breast cancer was low. p-STAT3 was expressed in the cyto-
plasm and the nucleus of tumor cells. Blue, DAPI staining of the nucleus. Scale bar, 100 um.
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interstitial fibroblast cells in the TDLU. This find-
ing suggests that renalase may be a normal 
enzyme in mammary epithelial and stromal 
cells that maintains the normal growth of tissue 
cells.

A positive correlation between renalase and 
tumors was found in pancreatic cancer [16], 
and the study found that renalase mRNA was 
highly expressed in pancreatic cancer cells. 
Other studies have found that renalase protein 
is highly expressed in malignant melanoma and 
is negatively correlated with its prognosis [21]. 
So far, the expression and significance of 
renalase protein in breast tumors has not been 
reported. Our study found that expression of 
renalase is statistically significantly higher in 
breast cancer cells than in benign lesions and 
normal tissues of the breast. We found that dif-
ferent molecular subtypes of breast cancer 
express different concentrations of renalase. 
ER-positive breast cancer (luminal A and lumi-
nal B) had high renalase expression, while 
HER2-positive breast cancer, and basal-type 
breast cancer both had low renalase expres-
sion. Among them, renalase expression in lumi-
nal A breast cancer was the highest with the 
average intensity of the fluorescence signal 
being the strongest. Statistical analysis showed 
that renalase has obvious correlation with ER in 
breast cancer tissue, suggesting a connection 
between renalase and ER and this correlation 
may be associated with signaling pathways. 

The study found that the mechanism of action 
of renalase is similar to that of cytokines. 
Extracellular renalase in combination with plas-
ma membrane calcium ATPase isoform 4b 
(PMCA4b) receptors on the cell membrane acti-
vate STAT3. This activates the mitogen-activat-
ed protein kinase (MAPK) pathway and pro-
motes cell survival [20, 21]. The MAPK signaling 
pathway is one of the most important signal 
transduction systems in the body and can 
transduce extracellular signals into the cell 
mainly through the following four ways: STAT3, 
ERK, p38 mitogen-activated kinase (p38) and 
protein kinase B (AKT). This also includes the 
ERK1/2 signal transduction pathways which 
regulate cell growth and differentiation in cell 
division, migration, and survival and has an 
important role in regulating aggression. The 
study also found that the reduction of renalase 
expression and signaling pathway by RNAi or 

renalase monoclonal antibody m28-rnls could 
reduce the proliferation of melanoma cells and 
increase the apoptosis of tumor cells. This 
study demonstrates that renalase is important 
in the growth and evolution of tumor cells. Our 
results showed that the myoepithelial cells 
expressed STAT3 in normal breast tissue. In 
breast cancer tissues, STAT3 protein was either 
not expressed at all or expressed only in a small 
number of cells. This might suggest that the 
STAT3 pathway may not be the main pathway to 
promote growth of breast cancer cells. It is 
known that ERK1/2 functions in regulating cell 
growth and differentiation. We found that the 
high expression of p-ERK1/2 in ER positive 
breast cancer was positively correlated with ER 
expression, suggesting an inner relationship 
between p-ERK1/2 and ER, a relationship wh- 
ich promotes expression of p-ERK1/2, which, in 
turn, influences expression of ER. P-ERK1/2 
and ER promotes the growth of tumor cells, not 
the STAT3 pathway. Other data in this study 
supported this assumption from another point 
of view.

Our study showed that renalase widely exists in 
various mammary gland cells, is a type of cyto-
kine that maintains normal cell growth, and by 
activating MAPK signaling pathways, plays a 
role in cell protection. However, abnormal up- 
regulation of the renalase signaling pathway 
may activate p-ERK1/2 and thus promote high 
ER expression and breast cancer cell prolifera-
tion and growth. Therefore, we believe that 
renalase can be used as an indicator of ER 
positive/HER2-negative subtype of breast can-
cer. Inhibiting the renalase signaling pathway 
may also be an alternative to ER positive breast 
cancer treatment.
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