
ORIGINAL ARTICLE

NRG-1 Stimulates Serum DJ-1 Increase in Breast Cancers

Yuandong Wang1 & Yan Zhang2 & Qian Lu1
& Yiming Wang3 & Xinchen Sun1

&

Shu Zhang1,4

Received: 30 June 2017 /Accepted: 21 September 2017 /Published online: 30 September 2017
# Arányi Lajos Foundation 2017

Abstract To explore the relationship between the expression
of DJ-1/HER3 and tumor grade in breast cancer, and investi-
gate the effect of HER3 onNRG-1-mediated serumDJ-1 level
in vivo. We analyze the expression level of DJ-1 and HER3 in
68 patients with different grades of breast cancer by immuno-
staining the tissue microarray. Besides, we investigated the
serum DJ-1 level by ELISA. We found that the detectable
DJ-1 protein expression is decreased, and the HER3 expres-
sion is increased in tumor tissue with the progression of breast
cancer. There is a significant rise of DJ-1 in serum in vivowith
the stimulation of NRG-1. Meanwhile, we found that HER3
knockdown abolishes NRG-1-induced serum DJ-1 increase
and HER3 overexpress improves NRG-1-induced serum DJ-
1 increase. This study provides a serum biomarker for breast
cancer. The results showed that DJ-1 was associated with clin-
ical stage of breast cancer, and NRG-1 increased the dissoci-
ation of HER3 and DJ-1, with promoting the level of DJ-1 in
peripheral blood. It is suggested that the level of DJ-1 in

peripheral blood may be conducive to assess the prognosis
of patients with breast cancer and serum DJ-1 levels can serve
as an indicator of therapeutic effectiveness for the develop-
ment of HER3 targeting breast cancer antibody therapies.
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Introduction

Breast cancer is the second leading cause of cancer death for
female, including different types of phenotypes and morphol-
ogy for the reason of highly heterogeneous [5, 8]. 20% of
breast cancer is HER2 positive, tending with the characteris-
tics of rapid growth, high invasive, prompting worse progno-
sis [3, 21]. The application of targeted therapy of HER2 anti-
bodies has radically changed the prognosis of HER2 positive
breast cancer in the past few years, however, resistance of the
therapies still leads to treatment failure and tumor progression
[22]. Recently, HER3 has been identified as a pivotal role in
carcinogenic signaling pathways without therapeutic tumor
progression and posttreatment response, especially, in the ac-
tivation of the HER2/HER3 heterodimerization [13, 17].
Besides, when anti-HER2 antibodies were used to inhibit the
PI3K/AKTsignaling pathway, the feedback mechanism led to
the activation of HER3, causing an important resistance to
therapy. Therefore, HER3 targeted therapy for auxiliary of
the comprehensive therapy in breast cancer caught the atten-
tion [6]. However, the lack of convenient biomarkers for
HER3-driven cancer poses a big challenge for the clinical
development of HER3 targeting antibody therapies [25].

Protein 7 (DJ-1/PARK 7) was previously considered a nov-
el interaction partner of HER3 [2]. Overexpression of DJ-1
has been reported in many cancer types, which indicates DJ-1
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is an oncogene [14]. DJ-1 mRNA expression was increased in
most breast cancer [24], but approximately half of breast can-
cer cases exhibited low expression of DJ-1 protein despite
upregulation of mRNA levels. It is demonstrated that some
cancer cells secrete DJ-1 [15], including uveal malignant mel-
anoma, NIH3T3, human SHSY5Y and breast cancer cells [9,
16, 23]. However, the physiological and pathological signifi-
cance of DJ-1 secretion is not clearly understood. In fact, a
high level of DJ-1 protein has been detected in peripheral
blood of patients with breast cancers [11], which could be a
biomarker candidate for breast cancer.

In the previous reports, we have found that NRG-I pro-
motes the decoupling of DJ-I with HER3 and activates the
heterodimerization of HER2/HER3 [26]. In this study, we
analyzed the relationship between the expression of DJ-1
and the grades of breast cancer in the tumor tissue chip.
Furthermore, to explore the effect of NRG-1 on tumor growth
and DJ-1 level in vivo, we investigated the effect of HER3
knockdown and overexpression on NRG-1-induced DJ-1 in
transplanted tumor tissue and peripheral blood of nude mice
by ELISA.

Materials and Methods

Patients and Specimens

Tissue samples from 68 breast invasive ductal carcinoma pa-
tients, including clinical stage 1, 2, 3 and pathological
gradingI,II,III grade (The sixth edition), were selected from
Shanghai Outdo biotech Co., Ltd. The chip batch number:
HBre-Duc068Bch-01. Pathological cancer stages were cate-
gorized by using the TNM classification affiliated with the
International Union against Cancer [19]. All of the 68 patients
are ER and HER2 positive. Portions of breast cancer tissue
4 mm thick were trimmed routinely by pathologists immedi-
ately after mastectomy in each case. In order to exclude the
influence of variations in fixation time, the tissue was then
fixed for approximately 5 h in 10% formalin and processed
into paraffin blocks.

Tissue Microarray (TMA)

Two to three portions of cancer and non-cancerous tissue were
identified and marked in specific blocks for immunostaining
by matching with haematoxylin and eosin (H&E)-stained ref-
erence slides. TMA blocks were prepared using a custom-
made puncher / arrayer (Beecher Instruments, Silver Spring,
Maryland, USA). Each marked block of non-cancerous or
cancerous tissue was sampled two to three times with a 0.6-
mm diametercorer arrayed in a rectangular pattern with a dis-
tance of 1 mm between the center of the cores, creating a
quadrup l - i ca te TMA layout . H&E sta in ing and

immunostaining of ER, PR and HER2 were performed, the
presence of carcinoma and⁄or-non cancerous tissue was con-
firmed and histological grade, hormone receptor status, and
HER2 expression were also confirmed to correspond to the
immunostained slides used for pathological diagnosis.

Immunostaining

Three-1 mm-thick sections were reacted with an identical
mouse monoclonal antibody against human DJ-1 or HER3
that was used for immunoblot analysis. Briefly, after blocking
of any endogenous peroxidase activity, the antigen was re-
trieved in 0.01 M sodium citrate buffer (pH 6.0) by autoclav-
ing for 10min. The sections were then allowed to cool to room
temperature and incubated overnight at room temperature
with the anti-DJ-1 or anti-HER3 antibody diluted 1:10,000.
The sections were subsequently stained using Simple Stain
MAX-PO (Nichirei Bioscience, Tokyo, Japan) and visualized
using stable diaminobenzidene (DAB solution) (Invitrogen,
San Diego, CA, USA), followed by counterstaining with
haematoxylin.

Overexpression and Stable Knockdown of HER3
in Breast Cancer Cells

For the construction of stable HER3 overexpression cell line,
the pcDNA3/FRT vector (GenScript, China) was used to
transfect breast cancer cells MCF-7, which containing the
gene of human HER-3, then they were treated by the addition
of G418 (20 μg/ml) to co-culture for 3–4 weeks to select
successful transfected cells. To generate stable HER-3 knock-
down cells, Plasmid DNA of shRNA targeting HER-3 were
amplified in E. coli (Clontech) and lenti-viral particles were
produced after 24 h of co-transfection with the shRNA con-
structs, using lipofectamine (Invitrogen). MCF-7 cells was
transfected with the lentivirus particles and cells were selected
in RMPI (1640) media containing puromycin (4 μg/ml) for
3 weeks as described previously.

Mouse Xenograft Study

Mouse tumor xenograft studies were carried out according to
the National Institutes of Health Guide for the Care and Use of
Laboratory Animals (publication no. 85–23, revised 1985)
and approved by IACUC (Institutional Animal Care and Use
Committee of Nanjing Medical University). HER-3 shRNA
knockdown, scramble shRNA control, HER-3 overexpression
and pcDNA control MCF-7 cells were subcutaneously (s.c.)
implanted in nu/nu mice as previously reported [12]. Tumor
growth was measured using a digital caliper and recorded
twice a week. Xenograft mouse tumor tissues and the serum
were collected at the end of in vivo study and stored at −80 °C
for ex vivo analysis.
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NRG-1 Administration

Mice were administered either PBS or NRG1 (R&D Systems;
dissolved in phosphate-buffered saline (PBS), administered at
a constant rate of 10 μ g/d; n = 8/group) for 24 h through
subcutaneously-implanted osmotic mini-pumps (Alzet), as
performed and described previously by Mahar [10]. Post-op-
eratively, mice were placed on a heating pad to recover, mon-
itored for complications, and received an anti-inflammatory
Carprofen tablet placed in the cage.

Enzyme-Linked Immunosorbent Assay (ELISA)

The DJ-1 concentration in mouse serum samples were deter-
mined by the sandwich ELISA method. ELISA was carried
out using the DJ-1 ⁄PARK7 ELISA kit, obtained from R&D
Systems, Inc. (Minneapolis, MN, USA), according to the
manufacturer’s protocol. Briefly, 96-well immuno-module
microplates (Corning Inc., Coring, NY, USA) were pre-
coated with DJ-1 capture antibody by incubation overnight
at room temperature followed by blocking for 1 h at room

temperature. Then 100 μL sera or standards were added to
the pre-treated plates. After incubation at room temperature
for 2 h the plates were washed five times with 300 μL PBS
containing 0.05% (v/v) Tween-20 and then immuno-reacted
with another biotinylated goat anti-human DJ-1 antibody at
room temperature for 30 min. After removing any unbound
antibody with five washes, 100 μL horseradish peroxidase
(HRP)-labeled streptavidin was added to each well followed
by incubation at room temperature for 30 min. After another
five washes, 3,3′,5,5′-tetramethylbenzidine (TMB) substrate
solution (R&D Systems, Inc.) was added to the wells and
allowed to react for 10 min. The reaction was then immedi-
ately stopped with 2 mol/L H2SO4, and optical density (OD)
was determined using a photometer at a wavelength of 450 nm
and a reference wavelength of 570 nm. Each sample was
diluted to 1:20, and was examined in triplicate.

Statistical Analysis

Mean and standard deviation (SD) of each sample’s data col-
lected from data in vivo. Statistical differences between two or

Table 1 The expression of DJ-1/HER3 in different groups of breast cancer

Factor Total (n = 68) DJ-1 level(average) P-value Factor Total (n = 68) DJ-1 level(average) P-value

T T1 15 1.37(20.5/15) P < 0.05 age group 30–39 6 1.25 (7.5/6) NS
T2 41 1.26(51.5/41) 40–49 12 1.33(16/12)

T3 5 1.2(6/5) 50–59 12 1.13(13.5/12)

T4 2 1(2/2) 60–69 16 1.41(22.5/16)

unknown 5 1.1(5.5/5) 70–79 8 1.31(10.5/8)

N N0 37 1.3(48.5/37) P < 0.05 80–89 4 1.5(6/4)

N1 10 1.3(13/10) NR 10 1.1(11/10)

N2/N3 16 1.19(19/16) Cinical stage 1 12 1.29(15.5/12) NS
unknown 5 1.2(6/5) 2A 23 1.33(30.5/23)

M M0 68 0 2B 11 1.27(14/11)

Size, cm3 ≤2 cm3 3 1.83(5.5/3) P < 0. 05 3A 14 1.39(19.5/14)

2-5 cm3 11 1.39 15/11) 3B 1 1.5(1.5/1)

≥5 cm3 54 1.3(7054) 3C 1 1(1/1)

Factor Total(n = 68) her3 level(average) P-value Factor Total (n = 68) her3 level(average) P-value

T T1 15 1.03(15.5/15) P < 0.05 age group 30–39 6 1.33(8/6) NS
T2 41 1.17(48/41) 40–49 12 0.83(10/12)

T3 5 1.2(6/5) 50–59 12 1.17(14/12)

T4 2 1.25(2.5/2) 60–69 16 1.13(18/16)

unknown 5 0.8(4/5) 70–79 8 1.38(11/8)

N N0 37 1.03(38/37) P < 0 05 80–89 4 1.5(6/4)

N1 10 1.1(11/10) NR 10 0.6(6/10)

N2/N3 16 1.25 (20/I6) Clinical stage 1 12 0.87(10.5/12) P < 0.05
unknown 5 1.2(6/5) 2A 23 1.10(25.5/23)

M M0 68 0 2B 11 1.11(10/9)

Size, cm3 ≤ 2 cm3 3 1(3/3) P < 0 05 3A 14 1.28(18/14

2-5 cm3 11 1.14(17/11) 3B 1 2(2/1)

≥5 cm3 54 1.21(65.5/54) 3C 1 0

TNM staging is in accordance with the UICC 6th version in 2002; NS, no statistical difference

NRG-1 Stimulates Serum DJ-1 Increase in Breast Cancers 73



more groups were tested using the unpaired Student’s t-test or
one-way ANOVA, respectively, from STATA 11.0 software
(StataCorp, College Station, TX, USA) and Prism 5.0 soft-
ware (GraphPad, La Jolla, CA, USA). The chi-square test
was used to investigate the significance of the relationships
between DJ-1 expression and other factors, such as tumor
topography, tumor size, lymph node status metastasis and his-
tological grade, difference at P < 0.05 was considered to be
statistically significant. All statistical analyses were performed
using the StatView version 5.0 software package (SAS
Institute, Cary, NC, USA).

Results

Correlations between the Expression of DJ-1
and Clinic-Pathological Parameters

We carried out the immunostaining of DJ-1 and HER3 with
the tissue samples respectively, according to the color

intensity and the color rate. We grouped the pathological pa-
rameters of conventional breast cancer, such as TNM, tumor
size, age, clinical stage, etc. (UICC 6th version in 2002), and
used effective statistics. The characteristics of the data are
described in the following form. We found that the expression
level of DJ-1 in tumor cytoplasm decreased gradually with the
increase of T, N stage and tumor diameter of breast cancer
tissue samples, showing significant statistically differences
(P < 0.05). However, there was not significant difference in
group of age and clinical stages (Table 1). Meanwhile, the
level of HER3 expression in the cytoplasm gradually in-
creased with that of the tissue, showing statistical differences
(P < 0.05), except data of age groups (Table 1).

The Expression of DJ-1 in Tumor Cells Decreased
with the Progress of Breast Cancer

We analyzed the data of breast cancer tissue microarray after
specific immunostaining include DJ-1 and HER3 with the 68
patients. We found that the expression of DJ-1 protein in

Fig. 1 Expression of DJ-1 and HER3 in breast cancer tissue microarray
from different tumor grades. a The intracellular intensity of DJ-1 was
decreased with the grade increased in breast cancer. The increase of
intracellular HER3 expression with the grade increased in breast cancer.
Immunohistochemical staining of DJ-1 and HER3 in breast cancer tissue

microarray from different tumor grades (I, II, II-III, III). Scale bars,
500 μm. b Quantitative analysis of the statistical differences in the
expression of DJ-1/HER3 between the various groups.* indicates
P < 0.05, ** indicates P < 0.01
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tumor tissue was decreased both in dyeing strength and posi-
tive staining rate with the breast cancer classification im-
proved from I to III. On the other hand, HER3 showed a clear
upward trend with the classification of breast cancer in-
creased. We selected the representative pictures shown in
Fig. 1a. In order to analyze the results of immunostaining
more intuitively and quantitatively, we accumulated staining
intensity and positive staining rate and according to different
tumor grading group, used professional statistical software
and found that with the increase of tumor grade in breast
cancer, the expression of DJ-1 in tissue microarray was sig-
nificantly decreased, both II-III and III groups showed signif-
icant statistical differences compared with group I. While the
expression level of HER3 increased in group III showed sig-
nificant differences (Fig. 1b) (P < 0.01).

NRG-1-Induced Serum DJ-1 Increase In Vivo

NRG-1 is an important ligand for HER3/HER2 activation
which can promote the dissociation of DJ-1 and HER3 in
breast cancer. In order to explore the effect of NRG-1 on the
growth of breast cancer and DJ-1 level in tumor tissue and
peripheral blood in vivo. We grouped and transplanted tumor
with or without NRG-1 to nude mice, observed the process of

tumor growth and detailed records of tumor volume changes
from 10th to 42th day. The data revealed that the xenografts
grew significantly faster from 109 mm3 to 1616 mm3 with the
stimulant of NRG-1 compared to PBS group (from 56 mm3 to
638 mm3), showing a statistically significant difference
(Fig. 2a) (P < 0.01).

To explore the interaction between NRG-1 and DJ-1, we
detected the level changes of DJ-1 in serum and
transplanted tumor tissues by quantitative method ELISA.
The data demonstrated that the level of DJ-1 in serum is
significantly increased from 11.95 ng/ml to 27.05 ng/ml
with the stimulant of NRG-1 (Fig. 2b) (P < 0.01). At the
same time, the expression of DJ-1 in tumor tissue is sig-
nificantly decreased from 36.9 ng/ml to 21.89 ng/ml with
the stimulant of NRG-1 (Fig. 2c), which may be related to
NRG-1 improved the decoupling of DJ-1 and HER3.
Previous studies have reported that DJ-1 and HER3 are in
coupled state, and NRG-1 has a decoupling effect on DJ-1
and HER3 (18). In order to further explore whether the
NRG-1-stimulated serum DJ-1 increase was affected by
the expression level of HER3, we constructed HER3
knockdown and overexpression MCF-7 cells and com-
pared tumor growth to the control with or without NRG-1
in vivo.

Fig. 2 Effect of NRG-1 on tumor
growth and DJ-1 level in vivo.
The proliferation of tumor was
significantly faster with the
stimulant of NRG-1than the PBS
group. The graph shows mean
tumor volume ± standard
deviation (s.d.) (a). The level of
DJ-1 was significantly increased
in peripheral blood with NRG-1
(b). The DJ-1 level in tumor tissue
was quantitatively analyzed, and
showed significantly decreased
with NRG-1 (c). ** indicates
P < 0.01 compared to without
NRG-1group
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HER3 Knockdown Inhibits NRG-1 Induced Serum DJ-1
Increase

As shown in Fig. 3a, the tumor growth was decreased in
HER3 knockdown group. The tumor grow ability from the
10th day to the 42th day was significantly inhibited from
36.3 mm3 to 350.3 mm3 in the HER3 knockdown group when
compared to the scramble group (from 58.2 mm3 to
608.2 mm3). However, NRG-1 had no effect on the tumor
proliferation in HER3 knockdown group. ELISA was used
to detect the level of DJ-1 in tumor tissue and peripheral
blood. We found that DJ-1 level increased from 11.8 ng/ml
to 26.6 ng/ml in peripheral blood and decreased from 36.6 ng/
ml to 23.8 ng/ml in tumor tissue with NRG-1 stimulation in
scramble group (P < 0.01). However, there was no significant
change in HER3 knockdown groups with NRG-1 stimulation
(Fig. 3b, c). These results suggest that HER3 knockdown
abolishes NRG-1-induced serum DJ-1 increase.

HER3 Overexpression Stimulates NRG-1 Induced Serum
DJ-1 Increase

To further explore the effect of HER3 on NRG-1-induced
serum DJ-1 level, we constructed HER3 overexpressing

cell lines and transplanted in nude mice. We regularly
recorded the growth of the tumor, and detected the level
of DJ-1 in the peripheral blood and tumor tissue by
ELISA.

As shown in Fig. 4a, the tumor growth from the 10th day to
the 31th day was significantly increased from 88.3 mm3 to
839.9 mm3 in the HER3 overexpression group than the
pcDNA control group (from 59.6 mm3 to 362.7 mm3). As
expected, NRG-1 improved tumor growth both in HER3 over-
express group and pcDNA control group. Importantly, NRG-1
showed significantly more increase of tumor growth in HER3
overexpress group as compared to pcDNA control group. We
also found that the serum DJ-1 level was higher in the HER3
overexpression group than the pcDNA control group in both
presence (33.2 ng/ml vs 24.6 ng/ml) and absence (17.8 ng/ml
vs 12.1 ng/ml) of NRG-1. And the DJ-1 level of tumor tissue
was lower in the HER3 overexpression group than the pcDNA
control group in both presence (18.6 ng/ml vs 24.2 ng/ml) and
absence (31.7 ng/ml vs 37.1 ng/ml) of NRG-1. NRG-1 signif-
icantly improved the serum DJ-1 level and inhibited the DJ-1
level of tumor tissue in both the pcDNA control and HER3
overexpress groups (Fig. 4b, c). These results suggest that
HER3 overexpress improves NRG-1-induced serum DJ-1
increase.

Fig. 3 Effect of HER3
knockdown on tumor growth and
DJ-1 level with NRG-1 in vivo.
The tumor growth was decreased
in HER3 knockdown group when
compared to the scramble group.
NRG-1 had no effect on the tumor
growth in HER3 knockdown
group The graph shows mean
tumor volume ± standard
deviation (s.d.) (a). HER3
knockdown abolishes NRG-1-
induced serum DJ-1 increase (b)
and tumor tissue DJ-1 decrease
(c). ** indicates P < 0.01
compared to without NRG-
1group
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Discussion

It is reported that some of the breast cancer cells, in which the
DJ-1 protein is weakly stained, retain the function of secretion
of DJ-1 and poorly differentiation. In contrast, other cell lines
that cannot secrete DJ-1 show strong staining of DJ-1 protein,
and the growth is relatively slow [24]. In addition, DJ-1 has a
chaperone activity and may transport some molecules into
extracellular space [27], that DJ-1 has the effect of promoting
invasion and metastasis [7]. The potential level of DJ-1 as-
sessment is necessary for early diagnosis of breast cancer. In
this study, we have found that the level of the DJ-1 with
negative correlation with the tumor size, grade, T stage, and
lymphatic metastasis in tumor tissues microarray of the breast
cancer. It is suggested that the level of DJ-1 in breast cancer
cells is related to the clinical stage and prognosis of breast
cancer. However, we cannot confirm that the relation of the
DJ-1 in serum with the tumor grade from above information,
so we carried out nude mouse tumor xenograft studies to iden-
tify the speculation.

It is reported that NRG-1 promotes the heterodimerization
of HER3 with other ligands, especially HER2, further acti-
vates the PI3K/AKT cell signaling pathways [20], which

leading to tumor cell proliferation and differentiation,
inhibiting the role of tumor suppressor genes such as PTEN
[4]. NRG-1 has been proposed as a biomarker for clinical
development of HER3 antibody cancer therapies [1, 12, 18].
Our team found that NRG-1 plays a key role in regulating the
interaction of HER3 and DJ-1. In the absence of NRG-1, DJ-1
was associated with HER3 in a state of low phosphorylation,
and the effect of DJ-1 also prevent HER3 from degradation
via the ubiquitin-proteasomal pathway. In the presence of
NRG-1, HER3 transform to a state of high phosphorylation
and dissociates fromDJ-1 [26]. In this study, we compared the
tumorigenesis of HER3 knockdown group and overexpres-
sion group to the control with or without NRG-1, and the
changes of DJ-1 expression in serum and tumor tissues
in vivo. We found that NRG-1-induced serum DJ-1 increased
and decreased DJ-1 in tumor tissues. Furthermore, HER3
knockdown abolishes NRG-1-induced serum DJ-1 increase,
and HER3 overexpress improves NRG-1-induced serumDJ-1
increase in vivo. So we confirmed that NRG-1-stimulated
serum DJ-1 increase in breast cancer was affected by the ex-
pression level of HER3 in the tumor tissue.

However, there are some defects of this experiment. We
only have the information on tissue microarrays and lack of

Fig. 4 Effect of HER3
overexpression on tumor growth
and DJ-1 level with NRG-1
in vivo. The tumor growth was
significantly improved in the
HER3 overexpression group with
NRG-1. The graph shows mean
tumor volume ± standard
deviation (s.d.) (a). HER3
overexpress improves NRG-1-
induced serum DJ-1 increase (b)
and tumor tissue DJ-1 decrease
(c)..* indicates P < 0.05, **
indicates P < 0.01 compared to
without NRG-1group. # indicates
P < 0.05, ## indicates P < 0.01
compared to pcDNA control
group
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the information of patients’ serum. The lack of an effective
long term follow up and identification, only reflect the rela-
tionship between HER3 and serumDJ-1 expression in specific
stage of breast cancer in vivo, which does not adequately
account for long-term dynamic results, as well as the progno-
sis and overall survival of patients.

Conclusion

The current study provides a serum biomarker for breast can-
cer. The information from tissue microarray showed that DJ-1
was associatedwith clinical stage of breast cancer, and NRG-1
increased the dissociation of HER3 and DJ-1, with promoting
the level of DJ-1 in peripheral blood. Taken together, our
results suggest that the level of DJ-1 in peripheral blood may
be conducive to assess the prognosis of patients with breast
cancer and serum DJ-1 levels can serve as an indicator of
therapeutic effectiveness for the development of HER3
targeting breast cancer antibody therapies.
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