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EO771, the first luminal B mammary cancer 
cell line from C57BL/6 mice
Augustin Le Naour1*  , Yvonne Koffi1, Mariane Diab1, Delphine Le Guennec1, Stéphanie Rougé1, 
Sahar Aldekwer1, Nicolas Goncalves‑Mendes1, Jérémie Talvas1, Marie‑Chantal Farges1, 
Florence Caldefie‑Chezet1, Marie‑Paule Vasson1,2 and Adrien Rossary1

Abstract 

Background:  Despite decades of therapeutic trials, effective diagnosis, many drugs available and numerous studies 
on breast cancer, it remains the deadliest cancer in women. In order to choose the most appropriate treatment and to 
understand the prognosis of the patients, breast cancer is divided into different subtypes using a molecular classifica‑
tion. Just as there remains a need to discover new effective therapies, models to test them are also required.

Methods:  The EO771 (also named E0771 or EO 771) murine mammary cancer cell line was originally isolated from 
a spontaneous tumour in C57BL/6 mouse. Although frequently used, this cell line remains poorly characterized. 
Therefore, the EO771 phenotype was investigated. The phenotype was compared to that of MCF-7 cells, known to be 
of luminal A subtype and to express estrogen receptors, as well as MDA-MB-231 cells, which are triple negative. Their 
sensitivity to hormonal treatment was evaluated by viability tests.

Results:  The EO771 were estrogen receptor α negative, estrogen receptor β positive, progesterone receptor positive 
and ErbB2 positive. This phenotype was associated with a sensitivity to anti-estrogen treatments such as tamoxifen, 
4-hydroxy-tamoxifen, endoxifen and fulvestrant.

Conclusions:  On account of the numerous results published with the EO771 cell line, it is important to know its 
classification, to facilitate comparisons with corresponding types of tumours in patients. Transcriptomic and protein 
analysis of the EO771 cell line classified it within the luminal B subtype. Luminal B cancers correspond to one of the 
subtypes most frequently encountered in patients and associated with a poor prognosis.
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Background
Breast cancer is the most common, deadliest female can-
cer [1]. Breast cancer is a heterogeneous disease whose 
prognosis and treatment depend on the molecular clas-
sification [2, 3] (Table  1). The expression of hormone 
receptors such as estrogen receptors alpha (ERα) and 
beta (ERβ) as well as progesterone receptors (PR) are used 

routinely by anatomo-pathologists to classify the type 
of tumour. To complete this, the expression of Human 
Epidermal growth factor Receptor 2 (HER2 also named 
ERBB2) is investigated. Thus, different tumour subtypes 
are described: luminal A characterized by expression of 
hormone receptors ER + and/or PR + , absence of over-
expression of ERBB2 [4] gene whereas luminal B cancers 
showed lower expression of ER and PR, but frequently 
associated with an increased expression of growth factor 
receptor genes such as HER2 [5]. The basal-like or triple 
negative breast cancer do not express any of these mark-
ers: ER-, PR-, ERBB2- [4].
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It is, therefore, important to know what type of 
tumour the research is carried out in order to be able 
to transpose the results to patients. Preclinical models 
are needed in order to better understand the develop-
ment of the cancer and to test new therapies to improve 
their management. Preclinical studies require working 
on animal models that can mimic human pathology. 
Thus, orthotopic syngeneic models have the advan-
tage of having the whole breast microenvironment and, 
therefore, being able to mimic the human pathology as 
well as possible. To carry out in vivo experiments, the 
murine model is frequently used. The C57BL/6 strain 
is the most used, the genome of which has already 
been sequenced first [6] and of which there are many 
transgenic strains (knockout, knockdown, overexpres-
sion, etc). EO771 cells are from C57BL/6 mice. Thus, 
a mouse syngeneic model of mammary adenocarci-
noma can be used by orthotopic injection of EO771 
(also named E0771 or EO 771) cells into C57BL/6 mice. 
These cells could be widely used for preclinical studies.

This model facilitates generation of an immunocom-
petent model of breast cancer in  vivo [7, 8]. However, 
it is necessary to know their subtype classification 
in order to be able to establish a parallel between the 
results obtained with this line and the patients who 
would be potentially involved. Nevertheless, this type 
of mammary tumour remains poorly characterized and 
the results are divergent concerning its classification. 
To date, among the 100 publications studying EO771 
cells, 10 articles consider them as triple negative and 19 
as ERα + . However, only 3 articles analysed the expres-
sion of ERα [9–11]. Johnstone et  al. investigated ERα 
by immunohistochemistry in EO771 cells but consid-
ered these cells as ERα- because the expression of this 
receptor was only found in the cytoplasm and not in 
the nuclear compartment [9]. Thus, some researchers 
prefer to mention the unclear status of this cell line [12, 
13]. No model of breast cancer derived from C57BL/6 
mice is currently well characterized in terms of their 
molecular classification. Thus, it is important to better 

characterize this syngeneic EO771 mammary adeno-
carcinoma cell line in order to determine the type of 
tumour that is closest to those found in patients.

This study first characterized the EO771 cell line con-
cerning its classification and evaluated its sensitivity to 
anti-estrogen therapy. The identification of signalling 
pathways, activated after anti-estrogen therapy, was also 
investigated. Thus, the results shown that EO771 cells 
displayed a luminal B phenotype, characterized by a phe-
notype: ERα-, ERβ + , PR + and ErbB2 + . This cell line 
was sensitive to anti-estrogen drugs such as tamoxifen, 
which induced an activation of pro-apoptotic signalling 
pathway as c-Jun NH2-terminal kinase (JNK) and p38 
mitogen-activated protein kinase (MAPK) families.

Thus, this article shows for the first time that the 
EO771 line belongs to the luminal B subtype. Our stud-
ies are, therefore, important for transposing the results 
obtained on this tumour line to patients with luminal B 
cancer, which corresponds to one of the subtypes most 
frequently encountered in patients and one which is 
associated with a poor prognosis.

Materials and methods
Mammary adenocarcinoma cell lines
Mouse mammary cancer cell line EO771 (CH3 BioSys-
tems, Amherst, NY), human triple negative breast cancer 
cell line MDA-MB-231 (American Type Culture Col-
lection (ATCC), Molsheim, France) and human luminal 
A breast cancer cell line MCF-7 (ATCC) were grown 
in DMEM supplemented with foetal calf serum (10%), 
L-Glutamine (1%) and penicillin / streptomycin (1%) at 
37 °C in 5% CO2.

Cell viability assay
EO771, MCF-7 and MDA-MB-231 cells were plated 
at a density of 2 × 103  cells in 96-well plates in a com-
plete medium. Cultures were at 37  °C in a humidified 
atmosphere with 5% CO2. Two days later, cells were 
treated by a range of tamoxifen, 4-hydroxy-tamoxifen 
(4-OH-tamoxifen), endoxifen or fulvestrant (1–25  μM). 

Table 1   “Intrinsic” subtypes of breast cancer

“Intrinsic” subtypes of breast cancer Estrogen receptors 
(ER)

Progesterone 
receptors (PR)

Human epidermal growth factor 
receptor 2 (HER2)

Other major 
characteristics

Luminal A ER +  PR ±  HER2−
Luminal B ER +  PR ±  HER2 + 

Triple negative or basal-like ER− PR− HER2−
Triple negative claudin low ER− PR− HER2− Claudin-3, 

claudin-4 and 
claudin-7 low

HER2 +  ER− PR− HER2 + 

Content courtesy of Springer Nature, terms of use apply. Rights reserved.
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A supplementation with estradiol (low: 1.5  ng/mL; 
high: 225  ng/mL), leptin (low: 10  ng/mL; high: 100  ng/
mL) or dimethyl sulfoxide (DMSO) (0.25%) were also 
carried out. Estradiol concentrations were chosen to 
be close to the estradiol concentrations measured in 
mice bearing EO771 tumours observed in our labora-
tory (data not shown) (low: 1.5  ng/mL; high: 225  ng/
mL). Leptin was used at 10  ng/mL (low concentration) 
and 100 ng/mL (high concentration), close to the physi-
ological conditions [14] and the final concentration in 
DMSO was 0.25% in all wells. After 48, 72, and 96 h, cells 
were washed with phosphate-buffered saline (PBS) and 
loaded with 100 μL of a 25 μg/mL solution of resazurin 
in DMEM for each well. Resazurin is an indicator of via-
ble cells. As with an MTT test, cells that have an active 
metabolism can reduce resazurin to resorufin, which is 
pink and fluorescent. The amount of resorufin produced 
is proportional to the number of viable cells. The amount 
of resorufin produced is evaluated by fluorescence. The 
plates were incubated for 2  h at 37  °C in a humidified 
atmosphere containing 5% CO2. Fluorescence inten-
sity was then measured on an automated 96-well plate 
reader (Fluoroskan Ascent FL, Thermo Fisher Scientific, 
Wilmington, DE, USA) using an excitation wavelength of 
530  nm and an emission wavelength of 590  nm. Under 
these conditions, fluorescence was proportional to the 
number of living cells in the well [15].

EO771 cell treatment by anti‑estrogen, estradiol and leptin
EO771 cells were plated at a density of 4.5 × 105 cells in 
75  cm2 flasks in a complete medium. Cultures were at 
37  °C in a humidified atmosphere with 5% CO2. After 
48  h, they were treated by the tamoxifen IC50 (14  µM) 
previously determined. Estradiol (low: 1.5  ng/mL; high: 
225 ng/mL), leptin (low: 10 ng/mL; high: 100 ng/mL) and 

DMSO (final concentration of 0.25% in all flasks) were 
also added. After 72 h of treatments, cells were harvested 
and protein and RNA were extracted.

RNA extraction
Total RNA from EO771 cells was extracted by TRIzol® 
reagent (Invitrogen, Saint Aubin, France) according to 
the manufacturer’s protocol, and quantified using a Nan-
oDrop spectrophotometer (NanoDrop®2000, Thermo 
Scientific, Waltham, MA, USA). Reverse transcription 
was performed in a thermocycler (Mastercycler® gradi-
ent; Eppendorf, Montesson, France) on 1 µg of total RNA 
for each condition using a high-capacity cDNA reverse 
transcription kit (Applied Biosystems, Saint Aubin, 
France) with random hexamer pdN6 primers.

Quantitative real‑time Polymerase Chain Reaction (q‑PCR)
q-PCR was performed using SYBR®Green reagents 
according to the manufacturer’s instructions on a Ste-
pOne system (Applied Biosystems). Each condition was 
assayed in triplicate. Relative quantification was obtained 
by the comparative Ct method, based on the formula 
2−∆∆Ct. As the GAPDH mRNA levels were consist-
ent across EO771, MCF7, and MDA-MB-231 cell lines 
(Additional file 1: Figure S1), expression levels were nor-
malized to the housekeeping gene (GAPDH) for each 
time point. The reference used corresponds to the value 
obtained by untreated MCF-7. Sequences and fragment 
sizes of the human and mouse specific primers used are 
reported in Table 2.

Western blot analysis
Protein extractions were performed by RIPA buffer 
(ThermoFisher Scientific) supplemented with protease 
(Thermo Scientific Halt Protease Inhibitor Cocktail) 

Table 2  Primers used for q-PCR analysis

Gene Species Size (bp) RefSeq Forward primer Reverse primer

Aromatase Human 207 NM_000103.3 5′-TGG​CAA​GCT​CTC​CTC​ATC​AA-3′ 5′-TGT​CAG​GTC​ACC​ACG​TTT​CT-3′

Aromatase Mouse 142 NM_007810.4 5′-GCT​ACG​TGG​ATG​TGT​TGA​CC-3′ 5′-TTG​ATG​AGG​AGA​GCT​TGC​CA-3′

ERBB2 Human 172 NM_004448.3 5′-TGT​GTG​GGA​GCT​GAT​GAC​TT-3′ 5′-TCT​TGG​CCG​ACA​TTC​AGA​GT-3′

Erbb2 Mouse 152 NM_001003817.1 5′-GGC​TGC​TGG​ACA​TTG​ATG​AG-3′ 5′-AAA​GGT​CAT​CAG​CTC​CCA​CA-3′

ERα Human 265 NM_000125.3 5′-GTG​CCT​GGC​TAG​AGA​TCC​TG-3′ 5′-AGA​GAC​TTC​AGG​GTG​CTG​GA-3′

Erα Mouse 231 NM_007956.5 5′-ATT​ATG​GGG​TCT​GGT​CCT​GC-3′ 5′-CAT​CTC​TCT​GAC​GCT​TGT​GC-3′

ERβ Human 173 NM_001040275.1 5′-AAG​AAG​ATT​CCC​GGC​TTT​GT-3′ 5′-TCT​ACG​CAT​TTC​CCC​TCA​TC-3′

Erβ Mouse 202 NM_207707.1 5′-CTT​TGC​TCC​AGA​CCT​CGT​TC-3′ 5′-AAT​CAT​GGC​CTT​CAC​ACA​CA-3′

GAPDH Human 149 NM_001289745.3 5′-TGA​CCA​CAG​TCC​ATG​CCA​TC-3′ 5′-CAG​CTC​AGG​GAT​GAC​CTT​GC-3′

Gapdh Mouse 109 NM_001289726.1 5′-ACC​CCA​GCA​AGG​ACA​CTG​AGC​AAG​-3′ 5′-GGC​CCC​TCC​TGT​TAT​TAT​GGG​GGT​-3′

PR Human 224 NM_001202474.3 5′-ATG​GAA​GGG​CAG​CAC​AAC​TA-3′ 5′-AGG​GCT​TGG​CTT​TCA​TTT​GG-3′

Pr Mouse 196 NM_008829.2 5′-CAG​CGC​TTC​TAC​CAA​CTC​AC-3′ 5′-TTT​TGT​GAA​AGA​GGA​GCG​GC-3′

Content courtesy of Springer Nature, terms of use apply. Rights reserved.
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and phosphatase (Halt Phosphatase Inhibitor Cocktail) 
inhibitors. 15 μg of extracted proteins were separated by 
SDS-PAGE and revealed by antibodies directed against 
actin (1:1000, Cell Signaling Technology #8457), Glycer-
aldehyde-3-phosphate dehydrogenase (GAPDH) (1:1000, 
Cell Signaling Technology #5174), ERα (1:1000, Abcam 
#ab32063), ERβ (1:500, Abcam #ab3576), PR ( ab133526), 
ErbB2 (1:1000, Cell Signaling Technology #4290) and the 
use of HRP Goat Anti-Rabbit (IgG) secondary antibody 
(1:5000, Abcam #ab6721). Alignment of ER, PR and aro-
matase peptide sequence shows more than 80% of homol-
ogy between mouse’s and human’s proteins. For example, 
PR shows 80% of homology between the total sequences 
of the two species. The antibody used is designed on the 
C terminal domain which presents 95% of homology.

Quantification of signalling pathway protein
Using Multiplex Biomarker Immunoassays (cat. kit 
48-680MAG and 48-681MA) according to the manu-
facturer’s instructions, both total and phosphorylated 
forms of signalling pathways (cAMP-response element 
binding protein (CREB), JNK, Nuclear factor-κB (NF-
κB), p38 MAPK, Extracellular signal-regulated kinase 
(ERK)1/2, AKT, p70S6K, Signal Transducer and Activa-
tor of Transcription (STAT) 3 and STAT5) and Matrix 
metalloproteinase-3 (MMP3) were determined in EO771 
cell line, with and without tamoxifen treatment at IC50 
(14 µM) for 48 h. The mean fluorescence intensity (MFI) 
was detected by the Multiplex plate reader for all meas-
urements (Luminex System, Bio-Rad Laboratories, Ger-
many) using a Luminex system, Bio-Rad Laboratories 
software version 4.2.

Statistics
For chemoresistance tests, RT-qPCRs and protein anal-
ysis, the comparison between groups was performed 
using a Wilcoxon-Mann Whitney test (independent non-
parametric data). p values < 0.05 (*) indicate a significant 
difference. Statistical analyses were performed using 
GraphPad Prism5 (GraphPad Software, Inc., La Jolla, 
CA).

Results
EO771 cells have a luminal B mammary cancer‑like 
phenotype
The transcription of genes encoding ERα, ERβ, PR and 
ERBB2 was evaluated. EO771 cells were compared with 
human mammary tumour cell line MCF-7 considered 
to be ER + , PR + , HER2 −  [16], i.e. luminal subtype A, 
as well as the human mammary tumour cell line MDA-
MB-231 admitted as triple negative [17]. Although, the 
EO771 cells appeared to express ERs (Fig.  1a, b). They 
differed to MCF-7 in the transcription of the receptor 

subtypes. Indeed, in the MCF-7 cells, a strong tran-
scription of ERα (Fig.  1a) but a small ERβ transcription 
was observed (Fig. 1b). In contrast, a significantly lower 
transcription of ERα was found in EO771 cells com-
pared to MCF-7 (although its transcription was signifi-
cantly greater than seen in MDA-MB-231 cells) (Fig. 1a). 
Whereas, the ERβ transcription was significantly greater 
than that observed in MCF-7 and MDA-MB-231 cells 
(Fig. 1b). EO771 cells expressed less PR than MCF-7 cells 
but this expression was superior to the triple negative cell 
line MDA-MB-231 (Fig.  1c). The 2 bands observed can 
be explained by the A and B isoforms of PR, expressed 
from a single gene [18]. Finally, the EO771 cells did not 
have an ERBB2 transcription significantly different from 
the MCF-7 cells, considered not over-expressing ERBB2, 
but significantly higher than the MDA-MB-231 cells 
(Fig. 1d). In view of these results, the EO771 line could be 
considered as ERα -, ERβ +, PR + and ERBB2 ±.

These results were confirmed by evaluating the pro-
tein expression of these receptors. Thus, strong ERα 
expression (Fig. 1e) was found for MCF-7 whereas it was 
undetectable for EO771 and MDA-MB-231 cell lines. In 
contrast, ERβ expression was higher in EO771 cells com-
pared to MCF-7 and MDA-MB-231 cell lines (Fig.  1f ). 
The expression of PR in EO771 cells was lower than that 
observed in MCF-7 (considered as PR +  [16]) but supe-
rior to MDA-MB-231 (considered as triple negative [17]) 
(Fig.  1g). Finally, concerning the ErbB2 receptor, the 
expression was greater in the EO771 cells compared with 
that of the MCF-7 and the MDA-MB-231 cells (Fig. 1h).

Finally, the results of the protein analysis confirm those 
of the gene transcription analysis allowing to classify the 
EO771 as luminal B subtype and more precisely ERα-, 
ERβ + , PR + and ErbB2 +.

EO771 cells are sensitive to anti‑estrogen treatments
The previous results have shown that EO771 cells 
expressed few ERα but in return, expressed more ERβ 
compared to MCF-7 cells. The impact of these recep-
tor expression patterns on the sensitivity to anti-estro-
genic treatment was evaluated. For that, the sensitivity 
of EO771 cells was tested to fulvestrant, a competitive 
estrogen receptor antagonist [19], and to tamoxifen [19, 
20] as well as their active metabolites (endoxifen and 
4-OH-tamoxifen), all of which are 3 competitive inhibi-
tors of estrogen receptors with partial agonist activity. 
The ERα + cell line MCF-7, and the triple negative cell 
line MDA-MB-231, were used as positive and negative 
controls respectively. The human and murine estrogen 
receptors showed a great homology [21]. Interestingly, 
an in-silico study has shown that murine estrogen recep-
tors interact with ligands in similar manner to the human 
receptor [22].

Content courtesy of Springer Nature, terms of use apply. Rights reserved.
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Fig. 1  EO771 cells display a luminal B phenotype. a–d The relative expression of mRNA coding for ERα (a), ERβ (b), PR (c) and ERBB2 (d) was 
evaluated on MCF-7, MDA-MB-231 and EO771 cells. The values are normalized to the GAPDH gene expression. The data from MCF-7 were set to 1 
and the relative quantity of mRNA is shown. P values of < 0.05 (*) using a Wilcoxon-Mann Whitney test indicate a significant difference. E–H: ERα (e), 
ERβ (f), PR (g) and ERBB2 (h) protein levels was assayed by western blot on MCF-7, MDA-MB-231 and EO771 cells (representative of 3 experiments) 
and normalized to the GAPDH or actin protein levels

Content courtesy of Springer Nature, terms of use apply. Rights reserved.
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Sensitivity to tamoxifen, 4-OH-tamoxifen, endox-
ifen and fulvestrant was almost zero in the first 48  h 
after treatment in all three cell lines (Fig.  2a–d). After 
72  h of treatment, toxicity of tamoxifen treatments and 
its active metabolites (endoxifen and 4-OH-tamoxifen) 
was observed, but only at high dose (15 and 25 μM) on 
the three mammary cancer cell lines. The sensitivity of 
EO771 cells was slightly greater with tamoxifen (Fig. 2e) 
and endoxifen (Fig.  2g) compared to the two other cell 
lines. The sensitivity was comparable to that of MCF-7 
for 4-OH-tamoxifen (Fig.  2f ) but these two cell lines 
were nevertheless more sensitive to these drugs than 
MDA-MB-231. After 72 h of treatment with fulvestrant, 
the viability curves of EO771 and MCF-7 were com-
parable, showing a greater sensitivity of these two cell 
lines compared to MDA-MB-231 (Fig. 2h). Finally, after 
96  h of treatment, the differences in sensitivity of the 
three tumour cell lines were more easily evaluable. As 
expected, the negative triple line MDA-MB-231 was the 
least sensitive line of the three, regardless of the hormone 
therapy used (tamoxifen, 4-OH-tamoxifen, endoxifen 
and fulvestrant) (Fig. 2i–l). More unexpectedly, a greater 
sensitivity of the EO771 cells to the four anti-estrogenic 
molecules was observed, compared to MCF-7 (Fig. 2i–l). 
Our work showed that the IC50 of tamoxifen on MCF-7 
cells (close to 15 µM) is close to that observed by Zhang 
et al. [23]. Similarly, in agreement with our results, they 
observed that the MDA-MB-231 cells are resistant to 
tamoxifen. Thus, despite a low expression of ERα for 
EO771 cells compared to MCF-7 cells, it appears that the 
greater expression of ERβ allows a greater sensitivity to 
estrogen receptor-targeting treatments.

The treatment with estradiol or leptin does not alter 
the phenotype nor the sensitivity to tamoxifen of EO771 
cells
The presence of estrogens could alter the sensitivity to 
anti-estrogenic agents in the EO771 cells, inducing com-
petition in their binding to the ERs. Thus, the activity of 
tamoxifen could be modified in the presence of estradiol 
(E2). To evaluate this, the expression of hormone recep-
tors in EO771, which would influence their sensitivity to 
tamoxifen, was investigated in the presence of estradiol 
in the culture medium. The effect of leptin was also eval-
uated because it decreases tamoxifen activity in MCF-7 
cells [24] by increasing the nuclear expression of ERα [25] 
and leptin administration increased plasma estradiol lev-
els [26, 27]. The ERα, ERβ, PR expression of the EO771 
cells was only slightly modified in the presence of estra-
diol and leptin whether in the absence (Fig.  3a) or the 
presence of tamoxifen (Fig. 3b).

Before, in order to evaluate the sensitivity of EO771 
cells in the presence of estradiol or leptin, the measure of 

the expression of the gene coding for aromatase (enzyme 
allowing the production of estrogens by androgen trans-
formation) was studied in order to evaluate whether 
these cells were significantly able to produce estradiol. 
The gene coding for aromatase was very poorly tran-
scribed in EO771 cells (Additional file 1: Figure S2). The 
study of protein expression by western blot did not detect 
aromatase in EO771 cells (data not shown). Thus, these 
cells did not seem capable of producing large amounts of 
estradiol.

In our experimental conditions, the addition of estra-
diol or leptin did not modify the growth of EO771 cells 
(Fig.  3c). Likewise, the sensitivity of EO771 cells to 
tamoxifen treatment was not modified with respect to 
the control condition (Fig. 3d). That was supported by the 
calculation of the concentrations of tamoxifen inhibit-
ing 50% of cell viability (IC50). In fact, the IC50 values 
of tamoxifen for EO771 cells in the presence of estradiol 
or leptin were not significantly different compared to the 
control condition (Fig. 3e).

Thus, the presence of estradiol and leptin did not alter 
the luminal B phenotype nor the sensitivity to tamoxifen 
of EO771 cells.

Tamoxifen activates signalling pathways in EO771 cells
Anti-estrogenic treatment leads to a cytotoxic effect on 
EO771 cells. However, the presence of estrogen has no 
effect on either proliferation, sensitivity to tamoxifen, or 
expression of hormone receptors. Thus, the response to 
tamoxifen observed in EO771 cells may be independent 
of estrogen receptors. Following this, the signalling path-
ways, which could be affected by tamoxifen treatment, 
were studied.

The MAPK family pathway, which is a family of kinases 
that transduce signals from the cell membrane to the 
nucleus in response to numerous stimuli, was investi-
gated. Classically, MAPKs are divided into three groups: 
ERK families that have an anti-apoptotic role, and the 
JNK and p38-MAPK families which are both associ-
ated to stress pathways leading to a pro-apoptotic effect 
[28]. The presence of tamoxifen led to the activation of 
pro-apoptotic pathways in EO771 cells such as the JNK 
and p38-MAPK pathways (Fig. 4a, b) without activating 
the ERK anti-apoptotic pathway (Fig.  4c). These results 
could suggest an activation of apoptosis under tamoxifen 
treatment.

The NF-κB pathway has been shown to be inhibited 
by tamoxifen [29]. Nevertheless, in our experiment, the 
presence of tamoxifen did not modify the NF-κB pathway 
activation in EO771 cells (Fig. 4d).

The PI3K/AKT pathway is a survival pathway leading 
to enhanced cell survival and cell cycle progression. In 
EO771 cells, the addition of tamoxifen did not cause any 
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Fig. 2  Anti-estrogenic treatments reduce EO771 cell viability. MCF-7, MDA-MB-231 and EO771 cells were treated with increasing tamoxifen (a, e 
and i), 4-OH-tamoxifen (b, f and j), endoxifen (c, g and k) and fulvestrant (d, h and l) concentrations for 48 h (a–d), 72 h (E–H) and 96 h (i–l). Cell 
viability was measured by fluorescence using resazurin solution. The untreated condition corresponds to a viability of 100%
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change in the activation of this pathway (Fig.  4e). Simi-
larly, the p70S6K kinase, which is phosphorylated and 
activated by mTOR in mitogenic pathways downstream 
of PI3K/AKT, was not differently phosphorylated in 
tamoxifen-treated EO771 cells compared to the control 
condition (Fig. 4f ).

Signalling pathways involving the STAT3 and STAT5 
were also studied. Indeed, STAT5 assumes essential roles 
in proliferation, differentiation and survival of multi-
potent mammary stem cells [30]. STAT3 and STAT5 
expression can be found in all breast cancer subtypes and 
a down-regulation of both by different drugs was associ-
ated with reduced growth in breast cancer subtypes [31]. 
In our model, tamoxifen did not significantly affect the 
activation of STAT3 and STAT5 pathways compared to 
the control condition (Fig.  4g, h). Thus, these pathways 
did not appear to be involved in the cytotoxic activity of 
tamoxifen on EO771 cells.

Chen et  al. have shown that downregulation of CREB 
was associated with inhibition of mammary tumour cell 
growth by a mechanism that appears to be independ-
ent of ER as acting on both triple negative cells (MDA-
MB-231) and ER + cells (MCF-7) [32]. Knowing that this 
pathway is found activated during resistance to tamox-
ifen [33], the effects of this drug on CREB pathway were 
investigated in EO771 cells. Interestingly, this pathway 
was found significantly increased during treatment with 
tamoxifen (Fig. 4i).

Finally, the potential effect of tamoxifen on metastatic 
dissemination of EO771 cell was investigated. For this, 
the production of MMP3, which might be involved in 
metastatic dissemination of breast cancer [9], was evalu-
ated. An increase in MMP3 production in tamoxifen-
treated EO771 cells was observed, compared to untreated 
cells (Fig.  4j). Thus, despite the cytotoxic activity of 
tamoxifen on EO771 cells, this treatment could promote 
metastatic spread due to increased production of MMP3.

In summary, EO771 presented a luminal B phenotype 
with the expression of ERβ, PR and ErbB2. They were 
sensitive to tamoxifen, which induced activation of pro-
apoptosis pathways, such as p38 and JNK but also an 
increased MMP3 level (Fig. 5).

Discussion
The need to find mouse models to mimic breast can-
cer is essential to improve the management of this can-
cer, which remains the deadliest in women. EO771 cells, 
derived from a spontaneous tumour of C57BL/6 mice 
[34], are used in syngeneic models [8, 25]. This model, 
although frequently used, remained poorly characterized. 
At the start of this study, the aim was to confront the 2 
hypotheses which were opposed in literature for this cell 
line: either the EO771 cells were of the triple negative 

subtype, or they expressed the ERα (suggesting a luminal 
A subtype). Thus, our aim was to compare them to a tri-
ple negative breast cell line (MDA-MB-231) or luminal A 
subtype (MCF-7). At the final endpoint of this study, tak-
ing account all the results, we concluded that the EO771 
cells were a luminal B subtype. This work shows that 
EO771 cells expressed hormonal receptors, and more 
particularly ERβ. The phenotype study of these cells also 
showed that they expressed ERBB2 more than MCF-7 
cells. Thus, these cells exhibited the characteristics of 
luminal B subtype [5], ER + , PR + and ERBB2 +. Accord-
ing to the literature [35], a lower expression for ERα and 
PR was observed compared to luminal A cells (MCF-7). 
These frequent tumours are found in about 30 to 40% of 
breast cancers [35, 36] and are generally more aggressive 
and high grade, with a worse prognosis than luminal A 
breast cancers [5]. As in patients with luminal B tumour, 
EO771 cells were sensitive to tamoxifen therapy sug-
gesting that ERβ would mediate its anti-tumour activ-
ity, whereas it is generally associated with ERα. This line 
could also be derived from breast cancer initiating cells 
because Ma et al. have reported an absence of ERα but an 
upregulation of ERβ in breast cancer cells with tumour-
initiating capabilities with phenotypic stem cell mark-
ers [37]. Thus, knowing now the phenotype of this line 
EO771, the latter can be used to test many anti-tumour 
molecules [5] such as selective inhibitors of ERβ [38].

Anti-estrogens are part of the molecules conventionally 
used to treat luminal cancers. Anti-estrogenic molecules 
are used in mouse models to assess their effective-
ness, alone or in combination [39, 40]. There are several 
murine mammary tumour cell lines. The most described 
are those from mice of BALB/c strains such as the 4T1 or 
TS/4 lines [41]. However, the C57BL/6 mouse is the most 
widely used inbred strain and the first to have genome 
sequenced [6]. This strain is a permissive background 
for maximal expression of most mutations. However, 
despite this massive use, few breast tumour lines result 
from C57BL/6 genetic background. Indeed, in addition 
to  EO771 cells,  only 9 lines are derived from C57BL/6 
mice: 34T, AT-3, M158, MG1361, MMT060562, Py230, 
Py8119, WT145 and WT276. However, none of the 
lines mentioned above have a phenotype characteriza-
tion allowing them to be classified among the luminal 
subtype which nevertheless represents the majority of 
breast cancers encountered in patients. Thus, this pub-
lication makes it possible for the first time to character-
ize a murine mammary tumour cell line belonging to the 
luminal B subtype and derived from the strain C57BL/6.

Among anti-estrogens, tamoxifen is the most used, 
inducing in these cells the activation of pro-apoptotic 
pathways involving JNK and p38-MAPK. These latter 
exert an anti-tumoral effect which is of interest when 
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treating this type of tumour. However, the use of this 
drug was also associated with an increase in MMP3, 
known to possess pro-metastatic activity, and of CREB, 
known to be associated with treatment resistance. 
Indeed, this MMP3 was found to be increased in EO771.
LMB cells, isolated from a spontaneous lung metastasis 
from an EO771 tumour-bearing compared with paren-
tal EO771 [9]. It would be interesting to see if treatment 
with tamoxifen would fail to induce an increase in meta-
static spread in a mouse model with EO771 mammary 
tumours in agreement with a luminal subtype B, known 
to be more aggressive.

Conclusion
Thus, the phenotyping of the EO771 line classified 
this line in the luminal subtype B allowing for a paral-
lel between the results of the in  vitro and in  vivo stud-
ies, obtained with this murine model, and luminal B 
breast cancers encountered in patients. This EO771 cell 

line corresponds to one of the subtypes most frequently 
encountered in patients and which is associated with a 
poor prognosis.
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 Additional file 1: Figure S1 The GAPDH mRNA levels are consistent 
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weakly express aromatase mRNA.

Abbreviations
4-OH-tamoxifen: 4-Hydroxy-tamoxifen; ATCC​: American Type Culture Col‑
lection; CREB: CAMP-response element binding protein; DMSO: Dimethyl 
sulfoxide; E2: Estradiol; ERα: Estrogen receptor alpha; ERβ: Estrogen receptor 
beta; ERBB2: Erb-B2 Receptor Tyrosine Kinase 2; ERK: Extracellular signal-
regulated kinase; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; HER2: 
Human epidermal growth factor receptor 2; IC50: Concentrations inhibiting 
50% of cell viability; JNK: C-Jun NH2-terminal; MAPK: Mitogen-activated pro‑
tein kinase; MMP3: Matrix metalloproteinase-3; NF-κB: Nuclear factor-κB; PBS: 

Fig. 5  The EO771 phenotype and their sensitivity to tamoxifen. EO771 cells express ERβ, PR and HER2. In presence of estrogens, ERβ are 
translocated to the nucleus where they bind to the estrogen response elements (ERE) inducing transduction of target genes. Anti-estrogen 
treatments, such as tamoxifen, block this effect. On the contrary, tamoxifen induces the activation of p38 and JNK pathway, leading to apoptosis, 
but also increases the MMP3 level

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Page 12 of 13Le Naour et al. Cancer Cell Int          (2020) 20:328 

Phosphate-buffered saline; PI3K: Phosphoinositide 3 kinase; PR: Progesterone 
receptors; q-PCR: Quantitative real-time Polymerase Chain Reaction; STAT​: 
Signal Transducer and Activator of Transcription.

Acknowledgements
Not applicable

 Authors’ contributions
MPV and AR designed the experiments (concept and design, collection and 
assembly of data, data analysis and interpretation); ALN, YK and MD designed 
some experiments, performed experiments and analysed the data (collection 
and assembly of data); DLG, SR, SA, NGM, JT and MCF provided help with the 
experiments (collection and assembly of data); ALN wrote the manuscript; 
FCC provided critical feedback (intellectual support). All authors read and 
approved the final manuscript. 

 Funding
This work was supported by funding from l’Institut National du Cancer (INCA: 
MammAdipo project; PLBIO 13-106) and Le comité de l’Allier de la Ligue 
contre le cancer.

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Ethics approval and consent to participate
Not applicable. This article does not contain any studies with human partici‑
pants or animals performed by any of the authors.

Consent for publication
Not applicable. This article does not contain any studies with human partici‑
pants performed by any of the authors.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Human Nutrition Unit, ECREIN team, UMR 1019, University of Clermont 
Auvergne, INRAE, CRNH-Auvergne, TSA 50400, 28 place Henri Dunant, 
63000 Clermont‑Ferrand Cedex 1, France. 2 Department of Nutrition, Gabriel 
Montpied University Hospital, Jean Perrin Cancer Centre, 58 rue Montalem‑
bert, 63011 Clermont‑Ferrand, France. 

Received: 10 September 2019   Accepted: 13 July 2020

References
	1.	 Winters S, Martin C, Murphy D, Shokar NK. Breast cancer epidemiology, 

prevention, and screening. Prog Mol Biol Transl Sci. 2017;151:1–32. https​
://doi.org/10.1016/bs.pmbts​.2017.07.002.

	2.	 Prat A, Pineda E, Adamo B, et al. Clinical implications of the intrinsic 
molecular subtypes of breast cancer. Breast. 2015;24:S26–S35. https​://doi.
org/10.1016/j.breas​t.2015.07.008.

	3.	 Sorlie T, Perou CM, Tibshirani R, et al. Gene expression patterns of breast 
carcinomas distinguish tumor subclasses with clinical implications. Proc 
Natl Acad Sci. 2001;98(19):10869–74. https​://doi.org/10.1073/pnas.19136​
7098.

	4.	 Vuong D, Simpson PT, Green B, Cummings MC, Lakhani SR. Molecular 
classification of breast cancer. Virchows Arch. 2014;465(1):1–14. https​://
doi.org/10.1007/s0042​8-014-1593-7.

	5.	 Ades F, Zardavas D, Bozovic-Spasojevic I, et al. Luminal B breast cancer: 
molecular characterization, clinical management, and future perspec‑
tives. J Clin Oncol. 2014;32(25):2794–803. https​://doi.org/10.1200/
JCO.2013.54.1870.

	6.	 Mouse Genome Sequencing Consortium. Initial sequencing and com‑
parative analysis of the mouse genome. Nature. 2002;420(6915):520–62. 
https​://doi.org/10.1038/natur​e0126​2.

	7.	 Collin A, Noacco A, Talvas J, Caldefie-Chézet F, Vasson M-P, Farges M-C. 
Enhancement of lytic activity by leptin is independent from lipid rafts in 

murine primary splenocytes: lytic activity, leptin and membrane remod‑
eling. J Cell Physiol. 2017;232(1):101–9. https​://doi.org/10.1002/jcp.25394​.

	8.	 Nachat-Kappes R, Pinel A, Combe K, et al. Effects of enriched environ‑
ment on COX-2, leptin and eicosanoids in a mouse model of breast 
cancer. Coleman WB, ed. PLoS ONE. 2012;7(12):e51525. https​://doi.
org/10.1371/journ​al.pone.00515​25.

	9.	 Johnstone CN, Smith YE, Cao Y, et al. Functional and molecular char‑
acterisation of EO771.LMB tumours, a new C57BL/6-mouse-derived 
model of spontaneously metastatic mammary cancer. Dis Model Mech. 
2015;8(3):237–51. https​://doi.org/10.1242/dmm.01783​0.

	10.	 Hiraga T, Ninomiya T. Establishment and characterization of a C57BL/6 
mouse model of bone metastasis of breast cancer. J Bone Miner Metab. 
2019;37(2):235–42. https​://doi.org/10.1007/s0077​4-018-0927-y.

	11.	 Gu J-W, Young E, Busby B, Covington J, Johnson JW. Oral administration 
of Pyrrolidine Dithiocarbamate (PDTC) inhibits VEGF expression, tumor 
angiogenesis, and growth of breast cancer in female mice. Cancer Biol 
Ther. 2009;8(6):514–21. https​://doi.org/10.4161/cbt.8.6.7689.

	12.	 Buss LA, Mandani A, Phillips E, Scott NJA, Currie MJ, Dachs GU. Charac‑
terisation of a mouse model of breast cancer with metabolic syndrome. 
In Vivo. 2018;32(5):1071–80. https​://doi.org/10.21873​/inviv​o.11348​.

	13.	 Buss LA, Dachs GU. Voluntary exercise slows breast tumor establish‑
ment and reduces tumor hypoxia in ApoE −/− mice. J Appl Physiol. 
2018;124(4):938–49. https​://doi.org/10.1152/jappl​physi​ol.00738​.2017.

	14.	 Lamas B, Goncalves-Mendes N, Nachat-Kappes R, et al. Leptin modulates 
dose-dependently the metabolic and cytolytic activities of NK-92 cells. J 
Cell Physiol. 2013;228(6):1202–9. https​://doi.org/10.1002/jcp.24273​.

	15.	 Debiton E, Madelmont J-C, Legault J, Barthomeuf C. Sanguinarine-
induced apoptosis is associated with an early and severe cellular 
glutathione depletion. Cancer Chemother Pharmacol. 2003;51(6):474–82. 
https​://doi.org/10.1007/s0028​0-003-0609-9.

	16.	 Horwitz KB, Costlow ME, McGuire WL. MCF-7; a human breast cancer cell 
line with estrogen, androgen, progesterone, and glucocorticoid recep‑
tors. Steroids. 1975;26(6):785–95.

	17.	 Holliday DL, Speirs V. Choosing the right cell line for breast cancer 
research. Breast Cancer Res. 2011;13(4):215. https​://doi.org/10.1186/bcr28​
89.

	18.	 Carlini MJ, Recouvreux MS, Simian M, Nagai MA. Gene expression profile 
and cancer-associated pathways linked to progesterone receptor isoform 
a (PRA) predominance in transgenic mouse mammary glands. BMC 
Cancer. 2018;18(1):682. https​://doi.org/10.1186/s1288​5-018-4550-z.

	19.	 Jameera Begam A, Jubie S, Nanjan MJ. Estrogen receptor agonists/
antagonists in breast cancer therapy: a critical review. Bioorganic Chem. 
2017;71:257–74. https​://doi.org/10.1016/j.bioor​g.2017.02.011.

	20.	 Lumachi F, Brunello A, Maruzzo M, Basso U, Basso SMM. Treat‑
ment of estrogen receptor-positive breast cancer. Curr Med Chem. 
2013;20(5):596–604.

	21.	 White R, Lees JA, Needham M, Ham J, Parker M. Structural organization 
and expression of the mouse estrogen receptor. Mol Endocrinol Baltim 
Md. 1987;1(10):735–44. https​://doi.org/10.1210/mend-1-10-735.

	22.	 Gonzalez TL, Rae JM, Colacino JA, Richardson RJ. Homology models of 
mouse and rat estrogen receptor-α ligand-binding domain created by 
in silico mutagenesis of a human template: molecular docking with 
17β-estradiol, diethylstilbestrol, and paraben analogs. Comput Toxicol. 
2019;10:1–16. https​://doi.org/10.1016/j.comto​x.2018.11.003.

	23.	 Zhang Y-Y, Shang X-Y, Hou X-W, et al. Yuanhuatine from Daphne genkwa 
selectively induces mitochondrial apoptosis in estrogen receptor 
α-positive breast cancer cells in vitro. Planta Med. 2019;85(16):1275–86. 
https​://doi.org/10.1055/a-1013-1439.

	24.	 Dubois V, Delort L, Billard H, Vasson M-P, Caldefie-Chezet F. Breast cancer 
and obesity: in vitro interferences between adipokines and proangio‑
genic features and/or antitumor therapies? PLoS ONE. 2013;8(3):e58541. 
https​://doi.org/10.1371/journ​al.pone.00585​41.

	25.	 Chen X, Zha X, Chen W, et al. Leptin attenuates the anti-estrogen effect 
of tamoxifen in breast cancer. Biomed Pharmacother. 2013;67(1):22–30. 
https​://doi.org/10.1016/j.bioph​a.2012.10.001.

	26.	 Welt CK, Chan JL, Bullen J, et al. Recombinant human leptin in women 
with hypothalamic amenorrhea. N Engl J Med. 2004;351(10):987–97. 
https​://doi.org/10.1056/NEJMo​a0403​88.

	27.	 Jardé T, Caldefie-Chézet F, Damez M, et al. Leptin and leptin receptor 
involvement in cancer development: a study on human primary breast 
carcinoma. Oncol Rep. 2008;19(4):905–11.

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Page 13 of 13Le Naour et al. Cancer Cell Int          (2020) 20:328 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your research ?  Choose BMC and benefit from: 

	28.	 Wada T, Penninger JM. Mitogen-activated protein kinases in apoptosis 
regulation. Oncogene. 2004;23(16):2838–49. https​://doi.org/10.1038/
sj.onc.12075​56.

	29.	 Takada Y, Bhardwaj A, Potdar P, Aggarwal BB. Nonsteroidal anti-inflamma‑
tory agents differ in their ability to suppress NF-κB activation, inhibition 
of expression of cyclooxygenase-2 and cyclin D1, and abrogation of 
tumor cell proliferation. Oncogene. 2004;23(57):9247–58. https​://doi.
org/10.1038/sj.onc.12081​69.

	30.	 Vafaizadeh V, Klemmt PA, Groner B. Stat5 assumes distinct functions in 
mammary gland development and mammary tumor formation. Front 
Biosci Landmark Ed. 2012;17:1232–50.

	31.	 Furth PA. STAT signaling in different breast cancer sub-types. Mol Cell 
Endocrinol. 2014;382(1):612–5. https​://doi.org/10.1016/j.mce.2013.03.023.

	32.	 Chen S, Tao J, Zhong F, et al. Polydatin down-regulates the phosphoryla‑
tion level of Creb and induces apoptosis in human breast cancer cell. 
Ahmad A, ed. PLoS ONE. 2017;12(5):e0176501. https​://doi.org/10.1371/
journ​al.pone.01765​01.

	33.	 Phuong NTT, Lim SC, Kim YM, Kang KW. Aromatase induction in tamox‑
ifen-resistant breast cancer: role of phosphoinositide 3-kinase-dependent 
CREB activation. Cancer Lett. 2014;351(1):91–9. https​://doi.org/10.1016/j.
canle​t.2014.05.003.

	34.	 Sugiura K, Stock CC. Studies in a tumor spectrum. I. Comparison of 
the action of methylbis (2-chloroethyl)amine and 3-bis(2-chloroethyl)
aminomethyl-4-methoxymethyl -5-hydroxy-6-methylpyridine on the 
growth of a variety of mouse and rat tumors. Cancer. 1952;5(2):382–402.

	35.	 Prat A, Cheang MCU, Martín M, et al. Prognostic significance of proges‑
terone receptor-positive tumor cells within immunohistochemically 
defined luminal a breast cancer. J Clin Oncol. 2013;31(2):203–9. https​://
doi.org/10.1200/JCO.2012.43.4134.

	36.	 Serrano-Gomez SJ, Sanabria-Salas MC, Hernández-Suarez G, et al. High 
prevalence of luminal B breast cancer intrinsic subtype in Colombian 
women. Carcinogenesis. 2016;37(7):669–76. https​://doi.org/10.1093/carci​
n/bgw04​3.

	37.	 Ma R, Karthik G-M, Lövrot J, et al. Estrogen receptor β as a therapeutic tar‑
get in breast cancer stem cells. JNCI J Natl Cancer Inst. 2017;109(3):1–14. 
https​://doi.org/10.1093/jnci/djw23​6.

	38.	 Paterni I, Granchi C, Katzenellenbogen JA, Minutolo F. Estrogen recep‑
tors alpha (ERα) and beta (ERβ): subtype-selective ligands and clinical 
potential. Steroids. 2014;90:13–29. https​://doi.org/10.1016/j.stero​
ids.2014.06.012.

	39.	 Restall C, Doherty J, Liu HB, et al. A novel histone deacetylase inhibitor 
augments tamoxifen-mediated attenuation of breast carcinoma growth. 
Int J Cancer. 2009;125(2):483–7. https​://doi.org/10.1002/ijc.24350​.

	40.	 Shibata M-A, Morimoto J, Shibata E, et al. Raloxifene inhibits tumor 
growth and lymph node metastasis in a xenograft model of meta‑
static mammary cancer. BMC Cancer. 2010;10(1):566. https​://doi.
org/10.1186/1471-2407-10-566.

	41.	 De Giovanni C, Nicoletti G, Landuzzi L, Palladini A, Lollini P-L, Nanni P. 
Bioprofiling TS/A murine mammary cancer for a functional precision 
experimental model. Cancers. 2019;11(12):1889. https​://doi.org/10.3390/
cance​rs111​21889​.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



1.

2.

3.

4.

5.

6.

Terms and Conditions
 
Springer Nature journal content, brought to you courtesy of Springer Nature Customer Service Center GmbH (“Springer Nature”). 
Springer Nature supports a reasonable amount of sharing of  research papers by authors, subscribers and authorised users (“Users”), for small-
scale personal, non-commercial use provided that all copyright, trade and service marks and other proprietary notices are maintained. By
accessing, sharing, receiving or otherwise using the Springer Nature journal content you agree to these terms of use (“Terms”). For these
purposes, Springer Nature considers academic use (by researchers and students) to be non-commercial. 
These Terms are supplementary and will apply in addition to any applicable website terms and conditions, a relevant site licence or a personal
subscription. These Terms will prevail over any conflict or ambiguity with regards to the relevant terms, a site licence or a personal subscription
(to the extent of the conflict or ambiguity only). For Creative Commons-licensed articles, the terms of the Creative Commons license used will
apply. 
We collect and use personal data to provide access to the Springer Nature journal content. We may also use these personal data internally within
ResearchGate and Springer Nature and as agreed share it, in an anonymised way, for purposes of tracking, analysis and reporting. We will not
otherwise disclose your personal data outside the ResearchGate or the Springer Nature group of companies unless we have your permission as
detailed in the Privacy Policy. 
While Users may use the Springer Nature journal content for small scale, personal non-commercial use, it is important to note that Users may
not: 
 

use such content for the purpose of providing other users with access on a regular or large scale basis or as a means to circumvent access

control;

use such content where to do so would be considered a criminal or statutory offence in any jurisdiction, or gives rise to civil liability, or is

otherwise unlawful;

falsely or misleadingly imply or suggest endorsement, approval , sponsorship, or association unless explicitly agreed to by Springer Nature in

writing;

use bots or other automated methods to access the content or redirect messages

override any security feature or exclusionary protocol; or

share the content in order to create substitute for Springer Nature products or services or a systematic database of Springer Nature journal

content.
 
In line with the restriction against commercial use, Springer Nature does not permit the creation of a product or service that creates revenue,
royalties, rent or income from our content or its inclusion as part of a paid for service or for other commercial gain. Springer Nature journal
content cannot be used for inter-library loans and librarians may not upload Springer Nature journal content on a large scale into their, or any
other, institutional repository. 
These terms of use are reviewed regularly and may be amended at any time. Springer Nature is not obligated to publish any information or
content on this website and may remove it or features or functionality at our sole discretion, at any time with or without notice. Springer Nature
may revoke this licence to you at any time and remove access to any copies of the Springer Nature journal content which have been saved. 
To the fullest extent permitted by law, Springer Nature makes no warranties, representations or guarantees to Users, either express or implied
with respect to the Springer nature journal content and all parties disclaim and waive any implied warranties or warranties imposed by law,
including merchantability or fitness for any particular purpose. 
Please note that these rights do not automatically extend to content, data or other material published by Springer Nature that may be licensed
from third parties. 
If you would like to use or distribute our Springer Nature journal content to a wider audience or on a regular basis or in any other manner not
expressly permitted by these Terms, please contact Springer Nature at 
 

onlineservice@springernature.com
 

mailto:onlineservice@springernature.com

