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Abstract

Background: ETS variant 1 (ETV1) and E3 ubiquitin ligase constitutive photomorphogenetic 1 (COP1) have been
proposed to be a pair of oncogene and tumor suppressor. However, the co-existing status of ETV1 and COP1 in
triple-negative breast cancer (TNBC) and their predictive role in determining the patient’s outcome are uncertain.

Methods: We examined the abundance of COP1 and ETV1 proteins and their clinicopathologic significance in
archival TNBC tissues from 105 patients by tissue microarray. The potential function link between COP1 and ETV1
was observed in MDA-MB-231 cells by cell proliferation, invasion and migration assays.

Results: ETV1 expression was higher in TNBC tissues compared to normal tissues, while COP1 was lower. ETV1
expression was negatively associated with COP1 abundance in TNBCs. Overexpression of COP1 led to significant
reduction of ETV1 in MDA-MB-231 cells, and suppressed the cells migration and invasion. Rescue of ETV1 expression
in the presence of COP1 notably regained the cells behaviors. ETV1-positive group was associated with a markedly
poor overall survival. Meanwhile, we had observed favourable prognosis in COP1-positive cases for the first time.
Multivariate analysis showed that COP1 together with ETV1 were independent risk factors in the prognosis of TNBC
patients.

Conclusions: COP1 might be a tumor suppressor by negative regulating ETV1 in patients with TNBCs. COP1 and
ETV1 are a pair of independent predictors of prognosis for TNBC cases. Thus, targeting them might be a potential
strategy for personalized TNBC treatment.
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Background
Triple-negative breast cancer (TNBC) is a subtype of
breast cancer defined as tumors that lack the expression
of estrogen receptors (ER), progesterone receptors (PR),
and HER2, and accounts for 15% of all breast cancer cases
[1]. TNBC is a challenging disease with the worst outcome
among all breast cancer subtypes because it does not
respond to endocrine therapy or other available targeted
agents [2-4]. A minority among all TNBC patients is
sensitive to chemotherapy [5]. Although the metastatic

potential of all subtypes of breast cancer is ultimately
similar, TNBC is associated with a shorter median time of
relapse and death [3,6]. Therefore, identification of the
prognostic factors or markers to reliably select high and
low risk subsets of TNBC cases is an urgent need for per-
sonalized therapies.
The PEA3 subfamily of ETS transcription factors is

composed of ETV1, 4 and 5 [7,8]. Their association with
cancer was first noted over a decade ago in Ewing tu-
mors, in which the EWS gene can be translocated onto
the three member genes and the resultant fusion pro-
teins exerts oncogenic properties [9]. Thereafter, it was
found that the PEA3 group could play a tumorigenic
role in melanoma, prostate cancer, gastrointestinal stro-
mal tumor and breast cancer [10-14]. The proposed
mechanisms of breast tumorigenesis by PEA3 group
partly include that they promote breast cancer incidence,
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progression and invasion through transcriptional activa-
tion of several genes, such as HER2, smad7, matrix metal-
loproteinases (MMPs) and cyclooxygenase (COX)-2 by
interaction with the coactivators CBP and p300, and an
associated kinase [1,15,16].
COP1 (also known as RFWD2) is a member of the

COP–DET–FUS protein family. COP1 possesses E3 ubi-
quitin ligase activity, which is involved in the ubiquitylation
of various protein substrates to trigger their proteasomal
degradation [17]. As a tumor suppressor, partial or tissue-
specific loss of COP1 function causally contributes to
tumorigenesis [18-20]. The accumulative list of COP1
substrates identified so far includes p53, c-Jun, and PEA3
family members [21]. ETV1, ETV4 and ETV5 have highly
conserved COP1-binding motifs, which can recognize
COP1 [17,22]. COP1 regulates the stability and the tran-
scriptional activity of PEA3 factors, which is dependent on
the RING domain of COP1 [16]. COP1hypo/hypo mice were
reported to spontaneously develop malignancies at a high
frequency [19]. Also, COP1 deficiency in mouse prostate
elevated ETV1 and increased cell proliferation, hyperpla-
sia, and early prostate intraepithelial neoplasia [18]. It is
unclear whether dysregulation of PEA3 factors and COP1
happens concurrently in TNBCs. Therefore, it would be
of great interest to investigate the potential function link
between PEA3 factors and COP1, as well as the prognostic
value of their expression status in TNBCs.
In the present study, we analyzed the correlation be-

tween COP1 and ETV1 expression status, and clinico-
pathological features, as well as the clinical outcome in a
retrospective study cohort of post-resection patients with
TNBC. Our data suggest that ETV1 is negatively regulated
by COP1. They might be a pair of potential independent
biomarkers and perhaps therapeutic targets for TNBCs.

Methods
Patients and tumor samples
Archived and paraffin-embedded samples were obtained
from 105 TNBC patients who underwent surgical resec-
tion between January 1997 and December 2007 in the
Department of Vascular, Thyroid and Breast Surgery, the
First Affiliated Hospital of Sun Yat-sen University. Four
pairs of fresh TNBC tissues and adjacent non-tumor tis-
sues were obtained recently from four TNBC cases.
Among all the 105 patients, the ages ranged from 24 to
82 years (mean age, 51.2 years). Ultrasonography and
X-ray scans were conducted for all the patients before
operation. All cases had been confirmed by hematoxylin-
eosin staining and immunohistochemical detection of ER,
PR and HER2 (Additional file 1: Figure S1). All patients
had received anthracyclines or taxanes-based adjuvant
chemotherapy after surgery dependent of age or general
condition. We obtained the patients’ prior written in-
formed consent and approval via the Institute Research

Ethics Committee of the First Affiliated Hospital of Sun
Yat-sen University for use of these clinical materials in this
study. Most tumors (n = 93) were invasive ductal carcin-
omas. The remaining tumors were 3 cases of invasive
lobular carcinoma, 3 cases of mucinous carcinoma, 2
cases of medullary carcinoma, 2 tubular carcinoma and 2
invasive micropapillary carcinoma. Tumor stages and clin-
icopathological classification were defined with the patho-
logic tumor-node-metastasis (pTNM) classification [23].
The overall survival was defined as the time from the date
of surgery to the date of death as a result of any cause.
The patients who were alive on the date of the last follow-
up were censored on that date. The median duration of
follow-up was 78.6 months (range, 6.0 to 145.3 months).
The clinicopathologic characteristics of the patients are
summarized in Table 1.

Cell culture, plasmids, lentivirus and siRNAs
TNBC cell line, MDA-MB-231, was purchased from
American Type Culture Collection (ATCC). The cells were
cultured using DMEM (Gibco, USA) supplemented with
10% fetal bovine serum (Gibco, USA) at 37°C and 5% CO2.
Full-length human ETV1 coding sequence was cloned into
GV141 vector (GV141-ETV1) and lentivirus containing

Table 1 Clinicopathologic characteristics of the patients

Factor No. %

Age (years)

≤50 63 60

>50 42 40

Pathological type

Invasive ductal carcinomas 93 88.6

Others 12 11.4

Stage

I 6 5.7

II 34 32.4

III 65 61.9

Tumor size

≤2 cm 19 18.1

>2 cm 86 81.9

Relapse

Yes 38 36.2

No 67 63.8

Lymph node metastasis

0-4 45 42.9

5-8 39 37.1

≥9 21 20.0

Status

Dead 67 63.8

Alive 38 36.2
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full-length human COP1 coding sequence and GFP (LVCOP1)
was constructed using GV287 vector and packed by Genechem
(Genechem Co., China). Lentivirus with empty vector was
used as negative control (LV-NC). siRNAs against ETV1
or COP1 (Additional file 2: Table S1) and negative control
siRNAs were purchased from Ribobio (Ribobio Co.,
China). Transfection efficiency of MDA-MB-231 cells
was detected by qRT-PCR assay and western blotting
(Additional file 3: Figure S2, Additional file 4: Figure S3
and Additional file 5: Figure S4).

Cell proliferation assay
To determine the effect of enforced COP1 expression
and suppression of ETV1 on cell proliferation, MDA-
MB-231 cells were infected with 1 × 108TU/ml LV-NC
or LVCOP1 in enhanced infection solution containing
5 μg/μl polybrene (Genechem Co., China) and screened
by flow cytometry to obtained positive infected cell lines
to expand culture for further investigation. For cell pro-
liferation assay, MDA-MB-231 and lentiviruses infected
cells were seeded at a density of 3000 cells/well in 96
well plate. Then, siRNAs and GV141-ETV1 were trans-
fected into cells with Lipofectamine 2000 (Invitrogen,
USA) according to the manufacture’s instruction. After
72 h, cells were subjected to cell counting kit-8 (CCK8)
assay. Cell proliferation was determined by reading plates
at 450 nm.

Cell invasion and migration assays
The cancer cell invasion assay was performed in BD
BioCoat™ Matrigel™ Invasion Chamber (8 μm pore size)
(BD Bioscience, USA) and transwell migration assay was
performed in cell culture inserts with PET membrane
(Corning, USA). Assays were performed as instructed by
the manufacturer’s protocols. Briefly, cells (1 × 105 cells)
suspended in serum free medium were added to the upper
chamber of an insert, and the insert was placed in a 24-
well plate with DMEM supplemented with 10% fetal
bovine serum. Migration assays were carried out for 6 h
and invasion assays were carried out for 16 h. After the
cells were incubated for exact time at 37°C, the inserts
were washed with PBS, and cells on the upper surface of
the insert were removed with a cotton swab. Cells adher-
ing to the lower surface were fixed with 4% formaldehyde
for 30 minutes, stained with 0.1% crystal violet solution
and captured under a microscope.

Total RNA isolation and qRT-PCR assay
The samples were stored in liquid nitrogen until RNA
extraction. The total RNA from each sample was ex-
tracted using Trizol reagent (Invitrogen, USA) according
to the manufacturer’s instruction. 2 μg RNA from each
sample was used to synthesize the first-strand cDNA
using the PrimeScript™ II 1st Strand cDNA Synthesis Kit

(TaKaRa, China) according to the manufacture’s instruc-
tion. qRT-PCR assays were then performed on CFX96
(Bio-Rad Laboratories, USA) utilizing SYBR® Premix Ex
Taq™ II (Tli RNaseH Plus) (TaKaRa, China). To normalize
the target gene’s expression levels in different groups, β-
actin was chosen as an internal control. Primer sequences
used in this study were listed in Additional file 6: Table S2.
The relative mRNA expression levels of target genes were
calculated using the 2-ΔΔCt method.

Western blotting analysis
To perform western blotting analysis, the samples were
lysed in RIPA protein lysis buffer (Beyotime, China) sup-
plemented with 1 mM PMSF. Protein concentration was
measured by BCA protein assay kit (Beyotime, China).
20 μg of target protein was applied to each well of 10%
SDS-polyacrylamide gel (SDS-PAGE), separated electro-
phoretically and transferred onto polyvinylidene difluoride
membranes (Millipore Corporation, USA). The trans-
blotted membrane was incubated with anti-ETV1 rabbit
polyclonal antibodies (1:1000; ABCAM, USA) and anti-
COP1 mouse monoclonal antibody (1:1000; ABCAM, USA)
at 4°C overnight, respectively. Expression of ETV1 or
COP1 was detected by horseradish peroxidase (HRP) con-
jugated secondary antibody (1:5000; CST, USA) and an
enhanced chemiluminescence kit (Amersham Pharmacia
Biotech, UK) according to the manufacturer suggested
protocols. An anti-GAPDH mouse monoclonal antibody
(1:2000; Kangcheng, China) was used as a loading control.

Tissue microarray preparation
For tissue microarray block construction, a hematoxylin and
eosin section from formalin-fixed and paraffin-embedded
tumor tissues was reviewed to confirm the diagnosis and to
define representative tumor regions. Thereafter, two 1 mm-
sized core biopsies were taken from the morphologically
representative areas using a precision instrument (MicroDi-
gital Co., Korea) and then arrayed onto a recipient paraffin
block. The core biopsies were reviewed by two pathologists.
In total, 2 tissue microarray blocks were constructed from
105 TNBC cases. Each of the recipient blocks included
one core of normal breast tissue for internal control, and
two cores of palatine tonsil and placenta for proper tissue
array orientation and universal control. After construc-
tion, two 4 μm sections were removed from each block
and transferred onto glass slides for immunohistochemical
staining. The quality of morphologic preservation in the
tissue array sections were assessed against the whole tissue
sections of the same cases. A valid case was defined as a
tumor occupying more than 10% of the core area [24].

Immunohistochemical analysis
Immunohistochemical staining of ETV1 or COP1 was
carried out according to the manufacture’s protocol on
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all four TNBC tissue microarrays, respectively. In briefly,
the sections were incubated overnight in a moist box with
antibodies of ETV1 (1:100; ABCAM, USA) or COP1
(1:200; ABCAM, USA) in PBS at 4°C. Poly peroxidase-
anti-mouse/rabbit IgG (GSGB-BIO, China) was subjected
to the sections for 30 minutes at room temperature after
washing with PBS. Diamindobenzidine was used for col-
orimetric detection and the sections were counterstained
with haematoxylin and mounted with distyrene plasticizer
xylene (DPX). Negative controls were performed by re-
placing the primary antibody with preimmune rabbit
serum. Positive controls were conducted according to the
manufacture’s suggestion. For each run of immunohisto-
chemistry, negative and positive controls were performed.
Immunostained tissue array sections were reviewed

under a microscope by two pathologists, who were blinded
regarding the clinicopathological characteristics and out-
come of the patients, while visually scoring each individual
tissue core. An immunoreactivity score method based on
the proportion and intensity of positively stained tumor
cells was employed. For positively stained cells: 0 (negative)
was denoted for < 10% positive cells, 1 (weak) for < 25%
positive cells, 2 (moderate) for < 50% positive cells, and 3
(strong) for > 50% positive cells. The staining intensity was
defined as: 0 for no stain, 1 for weak-positive (faint yellow),
2 for moderate-positive (yellowish-brown), and 3 for
strong-positive (brown). Scores of the proportion and in-
tensity of positively stained tumor cells were added and
stratified as having negative (−) expression (0–3 score) and
positive (+) expression (4–6 score) [25]. If no tumor was
detected, or staining could not be evaluated for all four
cores, the status of ETV1 or COP1 was noted as missing.

Statistical analysis
All statistical analyses were carried out using the SPSS
16.0 statistical software package. The χ2 test or Fisher’s
exact test were used to analyze the relationship between
ETV1 and COP1 expression and clinicopathological pa-
rameters. Survival curves were evaluated by the Kaplan-
Meier method and compared using the log-rank test
between the positive and negative expression of ETV1 or
COP1 cases. Cox proportional hazard regression models
were used to evaluate the association of ETV1 and COP1
status with survival outcomes after adjusting for covari-
ates. Forward: LR multivariate Cox regression analysis was
used to find independent prognostic factors. All statistical
tests were two sided and P < 0.05 was considered statisti-
cally significant.

Results
The expression level of ETV1 is inverse with COP1 in
clinical TNBC samples
We utilized qRT-PCR and western blotting to quantify
the expression levels of both ETV1 and COP1 in TNBC

tissues. Our results showed that the expression levels of
ETV1 mRNA and protein in TNBC tissues (T) were sig-
nificantly higher than those of the paired adjacent non-
cancerous tissues (N). Whereas, expression levels of COP1
mRNA and protein in TNBC tissues (T) were markedly
lower than those of the paired adjacent non-cancerous tis-
sues (N) (Figure 1). Our data revealed that TNBC tissues
with relatively higher ETV1 expression displayed much less
COP1 abundance, indicating that there might be an inverse
relationship between ETV1 and COP1 in TNBC.

The expression status of ETV1 and COP1 is related with
clinical factors and prognosis of TNBC patients
105 TNBC patients were involved in this retrospective
study. The median age at breast cancer diagnosis was
50 years old (range, 24–82 years). The median duration
of follow-up after surgery was 78.57 months (range, 6.0-
145.3 months), with 67 deaths at the end of follow up.
Among the 105 cases of TNBC, 79 cases (75.2%) were

ETV1-positive and 26 (24.7%) were ETV1-negative, whereas
30 cases (28.6%) were COP1-positive and 75 were negative
(Figure 2). ETV1 expression status according to COP1
expression and their corresponding clinicopathological
characteristics are summarized in Table 2. There was a
significant negative correlation between ETV1 and COP1
expression (χ2 test, γ = − 0.960, χ2 = 52.678; P < 0.001), in-
dicating potential interaction between the two proteins.
Either ETV1 or COP1 expression status was significantly
associated with TNM stages of TNBC, the number of
lymph nodes involved and tumor relapse. Age, tumor size

Figure 1 ETV1 and COP1 expression levels in four pairs of
tumor (T) and normal (N) breast tissues were detected by
qRT-PCR (A, B) and western blotting (C). Data represented
relative mRNA expression levels (mean ± SEM) to one of the normal
samples. (Students t tests, *P < 0.05; **P < 0.01).

Ouyang et al. BMC Cancer Page 4 of 10



and pathological types had not been found to be associ-
ated with ETV1 or COP1 expression status. These results
suggest that both ETV1 and COP1 were aberrantly
expressed in TNBC tissues, and might influence the out-
comes of patients.
Then, the proteins expression status of ETV1 or COP1

in TNBC tissues were investigated for associations with
overall survival using Kaplan–Meier analysis, and log-
rank test for significance estimates. Figure 3A showed
that women with ETV1-positive tumors had a shorter
overall survival time than women with ETV1-negative
tumors (log-rank test, P < 0.05). However, compared to
tumors with negative COP1 expression, positive COP1 ex-
pression was correlated with a significant decrease of
breast cancer overall mortality during the follow-up period
(log-rank test, P < 0.001) (Figure 3B). Among women with

ETV1-positive tumors, the estimated 5-year and 10-year
TNBC specific overall survival was 62.8% and 7.0%, re-
spectively, whereas among women with ETV1-negative
tumors, the rates were 100% and 81.3%, respectively
(Figure 3A). Meanwhile, among women with COP1-
positive tumors, the estimated 5-year and 10-year TNBC
specific overall survival was 100% and 95.7%, respectively,
and for women with COP1-negative tumors, the rates
were 59.8% and 0%, respectively (Figure 3B). In 79 ETV1-
positive tumors, COP1-positive cases showed significantly
higher survival rate than that of patients in the COP1-
negative group (log-rank test, P < 0.001) (Figure 3C and D).
The Kaplan–Meier curves and log-rank test showed that
women with ETV1-negative/COP1-positive tumors had
the best survival relative to women with the other subtypes
(log-rank test, P < 0.001) (Figure 3C and D). These results

Figure 2 Immunohistochemical staining of ETV1 and COP1 in human TNBC tissues. A, Positive expression of ETV1 in TNBC. B, Negative
expression of ETV1 in TNBC. C, Positive expression of COP1 in TNBC. D, Negative expression of COP1 in TNBC. E, Negative control of ETV1 or
COP1 in TNBC. Scale bar, 50 μm.
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indicate that ETV1 is a poor prognostic factor, and COP1
is a favourable prognostic factor for TNBCs.
In multivariate Cox regression analysis, the Cox propor-

tional hazards model was adjusted for age, pathological
type, TNM stage, number of lymph node metastasis, re-
lapse, and tumor size. The results (Table 3) showed that
the COP1 and ETV1 expression status, and TNM stage
were significantly associated with patients overall survival.
However, patients’ age, the number of lymph nodes in-
volved, tumor size and tumor relapse were not significantly
associated with overall survival. Furthermore, forward: LR
multivariate Cox regression analysis confirmed that ETV1
(RR = 1.502; 95% CI: 1.100 – 2.044; P < 0.05) and COP1
(RR = 0.650; 95% CI: 0.149 – 6.732; P < 0.001) expression
status were independent prognostic predictors of overall
survival of TNBC patients.

COP1 might suppress TNBC cell invasion, migration by
targeting ETV1
To further study the effect of COP1 on ETV1, we car-
ried out the trials in a TNBC strain, MDA-MB-231 cell
line. First of all, we observed COP1 and ETV1 expres-
sion status in several breast cancer cell lines, and found
that breast cancer cell lines with relatively higher ETV1

expression displayed less COP1 abundance (Figure 4A).
We found that MDA-MB-231 cell had high expression
level of ETV1 and low expression of COP1. Thereafter,
we chose MDA-MB-231 cell line to perform further in-
vestigation. Our results showed that there was an inverse
relationship between COP1 and ETV1 expression. Over-
expression of COP1 significantly decreased ETV1 pro-
tein level. COP1 knock-down or proteasome inhibition
with Bortezomib in the presence of COP1 notably in-
creased ETV1 expression (Figure 4B and C). CCK8 assay
showed that siETV1 markedly decreased the cell prolif-
eration while overexpression of COP1 did not influence
the cell proliferation of MDA-MB-231 (Figure 4D). To
substantiate the potential interaction between COP1 and
ETV1, we performed cancer cell invasion assays and
transwell assays using MDA-MB-231 cells. Results indi-
cated that suppressing ETV1 expression or up-regulating
COP1 decreased the migration (Figure 4E) and invasion
(Figure 4F and G) ability of MDA-MB-231 cells. Rescue
of ETV1 expression in the presence of COP1 signifi-
cantly recovered the invasion and migration capacity of
MDA-MB-231 cells. These results suggested that COP1
might suppress TNBC cell invasion and migration by tar-
geting ETV1.

Table 2 Comparison between ETV1 and COP1 expression, and clinicopathologic parameters in 105 TNBC cases

Characteristics ETV1 χ2 P
value

COP1 χ2 P
valueNegative Positive Negative Positive

Age (y)

≤50 14 49 0.545 0.460 41 17 0.213 0.645

>50 12 30 35 12

Tumor Size

≤2 cm 5 14 −0.030 0.535▲ 13 6 0.182 0.443

>2 cm 21 65 63 23

Pathological type

Invasive ductal carcinomas 21 72 −2.078 0.139▲ 69 24 1.337 0.204

Others 5 7 7 5

TNM Stage

I 3 3 −6.220 0.045▲* 2 4 −7.466 0.024▲*

II 12 22 22 12

III 11 54 52 13

Lymph node metastasis

0-4 17 28 −16.986 0.028▲* 31 22 −10.405 0.006▲*

5-8 6 33 29 5

≥9 3 18 16 2

Relapse

No 23 44 9.094 0.002 41 26 −11.590 0.000▲*

Yes 3 35 35 3

*means P < 0.05; − means χ2 of Fisher exact test; ▲means P value of Fisher exact test.
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Discussion
ETV1 (also called ER81), is an oncogene for a variety of
human malignant diseases. Several lines of evidence showed
that ETV1 is aberrantly overexpressed in triple-negative
breast tumor cells or tissues, which presented the causa-
tive role of ETV1 in breast tumorigenesis [13,26,27]. Our
results revealed that ETV1 was predominantly overex-
pressed in TNBC tissues. Knock-down ETV1 could sig-
nificantly depress invasion, migration and proliferation
behavior of MDA-MB-231 cells. These data are in good
accordance with the previous studies [13,26]. We found
that ETV1-positive expression was significantly correlated

with TNM stages of TNBCs, lymph node metastasis and
tumor relapse. Furthermore, our results showed that
women with ETV1-positive tumors had shorter survival
times than women with ETV1-negative tumors during the
period of follow-up, indicating that ETV1 might be a poor
predictor of TNBC prognosis. Multivariate analysis re-
vealed that ETV1 was independent risk factor in predict-
ing prognosis of TNBC patients. These results support an
earlier hypothesis that dysregulation of ETV1 might be
causally involved in breast tumorigenesis [27,28]. Of note,
it is well established that activation of ETV1 is regulated
by HER2/KIT-RAS-RAF-MEK-MAPK pathway [7,12,29].

Figure 3 Overall survival of patients with TNBCs according to ETV1 and COP1 protein expression statuses. A, Significant difference in
overall survival time was observed between ETV1-positive and ETV1-negative group (P < 0.001). B, COP1-positive TNBC patients had longer overall
survival time than that of COP1-negative TNBC patients (P < 0.001). C, In 26 cases of ETV1-negative TNBCs, COP1-positive cases had significant
higher survival rate than that of COP1-negative group (P < 0.001). D, In 79 cases of ETV1-positive TNBCs, COP1-positive cases had significant higher
survival rate than that of COP1-negative group (P < 0.001).
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However, TNBC is lack of HER2. Whether transcriptional
activation of ETV1 in TNBCs is stimulated by KIT-RAS-
RAF-MEK-MAPK or other pathways needs to be further
validated.
COP1 has been confirmed as a tumor suppressor in

series cancer diseases [18-20]. However, there is no re-
port of COP1 referred to clinical TNBC cases. In our

study we found that COP1 expression in TNBC tissues
was obviously lower than that of normal breast tissues.
COP1 expression status was associated with TNM stages
of TNBCs, lymph node metastasis and tumor relapse.
Our data showed that overexpression of COP1 could de-
press invasion and migration capacity of MDA-MB-231
cells. Moreover, patients with COP1-positive tumors had

Table 3 Multivariate analysis of patients’ survival

Regression coefficient SE Relative risk (RR) 95.0% CI for RR P

Lower Upper

TNM stage 0.514 0.088 1.672 1.407 1.987 0.009*

Relapse −0.780 0.586 0.458 0.145 1.446 0.183

Lymph node 0.434 0.406 1.544 0.696 3.425 0.285

ETV1 0.405 0.158 1.502 1.100 2.044 0.028*

COP1 −0.431 0.753 0.650 0.149 6.732 0.000*

Age 0.291 0.268 1.338 0.792 2.261 0.276

Tumor size 0.449 0.610 1.566 0.474 5.175 0.462

Pathological type 0.857 0.677 2.357 0.626 8.879 0.205

*For ETV1 or COP1, positive was labeled as 1, and negative was labeled as 0. Stage I, II, III were labeled as 1, 2, 3, respectively.

Figure 4 The potential function link between COP1 and ETV1 in MDA-MB-231 cells. A, Expression of ETV1 and COP1 in breast cancer cell
lines. B, MDA-MB-231 cells were infected with recombinant COP1 lentivirus (LV-COP1) or lentivirus with empty vector (LV-NC). LV-COP1 infected
cells were further transfected with siCOP1, a non-specific RNA (siNC) as a negative control. Western blotting showed inverse relationship between
COP1 and ETV1 expression. C, LVCOP1 infected MDA-MB-231 cells were treated with DMSO or 2 μM Bortezomib for 2 h and then subjected to
western blotting. D, MDA-MB-231 cells were transfected with siETV1 or siNC, or were infected with LV-NC or LV-COP1 for 72 h. Normal MDA-MB-231
cells were considered to be control group. CCK8 assay showed that siETV1 significantly decreased the cell proliferation while overexpression of COP1
did not influence the cell proliferation of MDA-MB-231. E-G, MDA-MB-231 cells were treated as showed in the figures and cultured for 48 h.
Cell migration and invasion assays were performed using cell culture inserts with PET membrane and BD matrigel invasion chamber, respectively.
Results indicated that suppressing ETV1 or up-regulating COP1 decreased the migration (E) and invasion (F, G) ability of MDA-MB-231 cells. Turnover
ETV1 expression in LV-COP1 infected cells partly rescued the migration and invasion function of cells. Scale bar, 100 μm. (Students t tests, ***P < 0.001
versus MDA-MB-231 control group; #P < 0.05, ##P < 0.01, versus LV-COP1 group).
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longer survival times than COP1-negative cases, indicat-
ing that COP1 might be a favourable predictor of TNBC
prognosis. Furthermore, multivariate analysis demon-
strated that COP1 was independent risk factor in pre-
dicting prognosis of the patients. These results suggest
that decrease of COP1 might be causatively involved in
TNBC tumorigenesis.
ETV1 is known to be degraded after being ubiquiti-

nated by COP1 [17]. Therefore, loss of COP1 expression
or COP1 deficiency may be an important mechanism
that leads to overexpression of ETV1 in cancer, promot-
ing tumorigenesis [18,22]. Truncated ETV1 lacking the
COP1 binding motifs were shown to be 50-fold more
stable than the wild-type ETV1. In addition, COP1 defi-
ciency increased cell proliferation, hyperplasia, and early
prostate intraepithelial neoplasia by elevating ETV1 ex-
pression in mouse prostate [18]. In the present study, we
found that ETV1 abundance was inversely associated with
COP1 expression status, which is consistent with the pre-
vious reports [18,22]. To confirm their potential function
link, we constructed COP1 overexpression MDA-MB-231
strains by lentivirus infection. The results revealed that
up-regulation of COP1 led to significant reduction of
ETV1 in MDA-MB-231 cells, and refrained the cells inva-
sion and migration capacity. Turnover ETV1 abundance
in recombinant COP1 lentivirus infected cells partly res-
cued the migration and invasion behaviours of the cells.
These results suggested that COP1 might suppress TNBC
cell invasion and migration by regulating ETV1. Escape of
ETV1 from COP1-mediated degradation could underlie
breast tumorigenesis [18,22]. Moreover, it has been con-
firmed that COP1 has other substrates besides ETV1
[17,18]. As a substrate of COP1, c-Jun was found to be
constitutively kept at low levels by COP1. Furthermore,
COP1 deficiency stimulated cell proliferation in a c-Jun–
dependent manner [19]. When expressed as a mutant,
COP1 could no longer interact with c-Jun [30]. In our
study, among ETV1-negative cases, women with COP1-
positive tumors had the most favourable survival compared
to women with the other subtypes. The results support the
hypothesis that COP1 might play a role in tumor suppres-
sion by degrading or ubiquitinating multiple substrates, be-
sides ETV1. A conflicting report showed that COP1 acted
as an E3 ubiquitin ligase for p53 and inhibited p53-
dependent transcription and apoptosis [31,32]. However, a
recent study did not show increase of p53 abundance and
transcriptional activity in cells or tissues from COP1-
deficient mice [19]. Whether there are other interactive
molecules of COP1, and if so, their functional or patho-
genic role in TNBC occurrence needs further investigation.
This study had several limitations. First, it was a retro-

spective study. Second, we did not employ an animal model
to confirm that COP1 might suppress TNBC cell invasion
and migration by targeting ETV1.

Conclusions
In conclusion, we demonstrated that COP1 might be a
tumor suppressor by negatively regulating ETV1 in patients
with TNBC. For the first time we observed a favourable
prognosis in COP1-positive cases from a cohort of TNBC
patients. Our data suggest that COP1 and ETV1 may func-
tion as a pair of valuable independent prognostic bio-
markers for TNBCs. Whether ETV1 and COP1 might be
effective therapeutic targets towards changing TNBC pa-
tient outcome is worth to be explored. Further investiga-
tion is essential to determine the concurrent status of
COP1 and the other two PEA3 factors in TNBCs.

Additional files

Additional file 1: Figure S1. Microphotographs of a representative
breast cancer case diagnosed as triple-negative. (A) Hematoxylin-Eosin
staining. (B–D) Immunohistochemical detection for ER, PR and HER-2,
respectively. It is obviously that this case is negative for ER, PR and HER-2.
Scale bar, 50 μm.

Additional file 2: Table S1. siRNA sequences used in this article. The
non-specific RNA (siNC) severed as a negative control are purchased from
Ribobio (Ribobio Co., China).

Additional file 3: Figure S2. Estimation of recombinant COP1 lentivirus
(LVCOP1) infection efficiency in MDA-MB-231 cells. (A) LVCOP1 infected
MDA-MB-231 was revealed by fluorescence microscopy via detecting the
expression of GFP. (B) The same location of Figure 1A was observed
under phase-contrast microscopy. (C) qRT-PCR and western blotting
showed that COP1 expression was significantly increased in MDA-MB-231
cells infected with LVCOP1. Scale bar, 100 μm. (Students t tests, ***P < 0.001
versus MDA-MB-231 control group).

Additional file 4: Figure S3. Detection of the efficiency of ETV1 siRNA
in MDA-MB-231 cells. Cells were transfected with siRNA against ETV1 or a
non-specific RNA (siNC) as a negative control. The efficiency of siRNA was
analyzed by qRT-PCR (A) and western blotting (B). Results showed that
siETV1 could significantly decreased the expression of ETV1. (Students
t tests, *P < 0.001 versus MDA-MB-231 control group).

Additional file 5: Figure S4. Detection of the transfection efficiency of
ETV1 expression vector in MDA-MB-231 cells. Full-length human ETV1
coding sequence was cloned into GV141 vector (GV141-ETV1). Cells were
transfected with ETV1 expression vector or an empty GV141 vector. The
efficiency of transfection was detected by qRT-PCR (A) and western
blotting (B). Results showed that the expression of ETV1 was significantly
up-regulated by GV141-ETV1. (Students t tests, **P < 0.05 versus
control group).

Additional file 6: Table S2. Primer sequences used in this article.
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