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BCRP and P-gp relay 
overexpression in triple negative 
basal-like breast cancer cell line: 
a prospective role in resistance to 
Olaparib
Robin Dufour1,2, Pierre Daumar1, Emmanuelle Mounetou4,*, Corinne Aubel3,*, 
Fabrice Kwiatkowski2, Catherine Abrial2, Catherine Vatoux1, Frédérique Penault-Llorca2,* & 
Mahchid Bamdad1,*,†

The triple negative basal-like (TNBL) breast carcinoma is an aggressive and unfavorable prognosis 
disease. Inhibitors of poly(ADP-ribose) polymerase such as Olaparib could represent a promising 
targeted therapy but their sensitivity against Multidrug Resistance proteins (MDR), which causes 
��������	�
������������������������
�����������	��������������������������������������	������������
in the SUM1315 TNBL human cell line, in correlation with Olaparib intracellular concentration. 
Western blot analyses showed a clear coexpression of P-gp and BCRP in SUM1315 cells. A low 
cytotoxic Olaparib treatment clearly led to an increased expression of both BCRP and P-gp in these 
cells. Indeed, after 1.5 h of treatment, BCRP expression was increased with a 1.8 fold increase rate. 
����
������������!������"�#������$%�����������!��������	��������������$�'�����
���������������������
to control value at 24 h. HPLC-UV analyses showed that, in the same treatment conditions, the 
intracellular Olaparib concentration increased from 1 h to 3 h and remained relatively stable until 24 h. 
Results suggest that the resistance mechanism induced by Olaparib in TNBL SUM1315 cell line may 
be overpassed if a cytotoxic and stable intracellular level of the drug can be maintained.

Basal-like (BL) carcinomas represent 10–15% of all invasive breast cancers (BC). These tumors are rec-
ognized in clinical practice by their “triple negative” (TN) immunophenotype, i.e. estrogen receptor, 
progesterone receptor and HER2 negative, associated with expression of one or more high molecular 
weight cytokeratins (5/6,14 or 17) and/or endothelial growth factor receptor (EGFR)1. The triple negative 
basal-like (TNBL) carcinoma is an aggressive and unfavorable prognosis disease. It appears frequently 
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in young women, shows an unusual sarcoma-like pattern of metastasis, and is highly associated with 
constitutive mutations of the BRCA1 gene2.

The management of TNBL carcinomas is not standardized yet. It is based on the use of classical 
cytotoxic drugs i.e. anthracyclines and/or taxanes, although conventional chemotherapy is not always 
effective in these tumors. Indeed, due to their high proliferative capacity, TNBL tumors first respond to 
neoadjuvant treatments, but a systematic relapse is then detected, probably caused by resistance3. There is 
an urgent need for more specific therapies for TNBL and BRCA1-mutated tumors2. Therapeutic progress 
relies on a better understanding of underlying molecular alterations that occur in these tumors. BRCA1 
and BRCA2 play a major role in DNA repair. As a consequence, their defects lead to genetic instability 
and resistance to the classical drugs used in BC treatment, i.e. anthracyclines and taxanes4,5.

Thus, new targeted therapies in general and inhibitors of poly(ADP-ribose) polymerase (PARP) in 
particular could represent a promising therapeutic approach for this type of cancer6–8. BRCA1 and 
BRCA2 genes regulate the repair of damaged DNA via the homologous recombination (HR) mechanism, 
one of the DNA repair pathway9,10. Therefore, TNBL tumors, which are often BRCA1/2 deficient, are 
HR-deficient2. PARP is a nuclear enzyme involved in another DNA repair pathway called base excision 
repair (BER)10. Through the concept of synthetic lethality, inhibition of PARP in TNBL-BRCA defi-
cient cells causes tumor cells death11. Several PARP inhibitors are currently under clinical trial, includ-
ing Olaparib (AZD 2281; AstraZeneca, London, UK). About ten clinical studies are underway to test 
Olaparib for breast and ovarian cancer treatments12. However, despite the great interest in this type 
of targeted therapy, several anti-PARPs resistance mechanisms have been identified by in vitro and in 
vivo preclinical approaches. The PARP inhibitors action can be altered, either by molecular mechanisms 
involving the mode of operation of anti-PARPs such as partial HR deficiency, genetic reversion of BRCA 
mutations or loss of PARP1 expression, or by the Multidrug Resistance transporters (MDR) resistance 
mechanism13–17.

The so-called MDR proteins were discovered as membrane transporters inducing chemotherapy resist-
ance in cancer. MDR transporters belong to the “ATP-binding cassette” (ABC) superfamily of proteins, 
which were highly conserved during evolution. Indeed, these proteins are naturally expressed in all living 
organisms from prokaryotes to eukaryotes18. The two major MDR proteins, Permeability-glycoprotein 
(P-gp) and Breast Cancer Resistance Protein (BCRP), which belong to the ABCB and ABCG subfam-
ily, respectively, have been showed to be frequently expressed in human cancer. MDR proteins act as 
xenobiotics efflux pumps able to transport various drugs out of cells. They recognize a large variety of 
substrates with different structures and properties, including many classical chemotherapeutic agents19. 
Target substrates of these transporters are mainly hydrophobic, but also ionic amphipathic molecules. 
The MDR system complexity is particularly reflected in the fact that one compound can be the substrate 
of several MDR transporters. During evolution, the MDR system has formed a cell membrane-localized 
network that protects the cell from xenobiotics. At present, MDR transporters are considered to be the 
essential part of an innate cellular defense system, the “chemoimmunity” network, which has a number 
of reminiscent features of classical immunology19.

In this context, the present work focused on the analysis of P-gp and BCRP coexpression in the 
SUM1315 TNBL human cell line, in correlation with Olaparib intracellular concentration.

Results
BCRP and P-gp coexpression in SUM1315 TNBL cell line. Intrinsic expression of BCRP and P-gp 
was studied in SUM135 cell line, using Western blot analysis. Results showed that the monoclonal anti-
P-gp antibody C219 and the anti-BCRP MAB4146 antibody clearly marked two proteins of 170 kDa 
and 72 kDa, respectively. More, the monoclonal anti-tubulin antibody DM1A marked a tubulin protein 
with a molecular weight of about 50 kDa, which was used as the internal protein control (Fig. 1A and 
supplementary Fig. S1). The expression level of BCRP in TNBL cells was 0.34 ±  0.03 a.u. and that of P-gp 
was 0.54 ±  0.05 a.u. (Fig. 1B).

SUM1315 cell viability in presence of increasing concentrations of Olaparib. The rate of 
SUM1315 cell viability was analyzed after treatment with increasing Olaparib concentrations (20, 40, 
50, 60, 80 and 100 μ M) during 24 h, using sulforhodamine B (SRB) viability assay. In parallel, a 0.1% 
dimethylsulfoxide (DMSO) control without Olaparib was also performed. The results (Fig.  2) showed 
that the SUM1315 cell viability was 100 ±  5% for 0.1% DMSO control. 0.1% DMSO had no effect on the 
cell viability. In presence of 20 to 40 μ M Olaparib, the cell viability rate decreased slightly but signifi-
cantly (a mean 94 ±  4%) as compared to control values. For 50 and 60 μ M Olaparib, the cell viability rate 
decreased to a mean of about 90 ±  3%. In presence of higher Olaparib concentrations (80 and 100 μ M) 
the viability cell rate decreased to 85 ±  5%.

Coexpression kinetic level of BCRP and P-gp in SUM1315 cell line in presence of Olaparib. The 
kinetic of BCRP and P-gp coexpression levels in SUM1315 cell line was then investigated during 24 h, 
with or without 50 μ M Olaparib treatment, using Western blot analysis (Fig. 3). Control and DMSO 0.1% 
control cells were also performed (Fig. 3A,B). The BCRP expression levels remained stable from 1.5 h to 
24 h in the control cells (0.31 ±  0.04 a.u. and 0.33 ±  0.04 a.u., respectively) and in the 0.1% DMSO con-
trols (0.32 ±  0.03 and 0.31 ±  0.03 a.u., respectively). Statistical analysis showed no significant difference 



�

� �



www.nature.com/scientificreports/

3SCIENTIFIC REPORTS | 5:12670 | DOI: 10.1038/srep12670

between control cells and the 0.1% DMSO control. Therefore, 0.1% DMSO had no effect on the expression 
level of BCRP in TNBL SUM1315 cell line (Fig. 3A). In parallel, P-gp expression levels in the SUM1315 
cell line were measured during 24 h (Fig. 3B,D). As for BCRP, the P-gp expression levels remained stable 
from 1.5 h to 24 h in control cells (0.52 ±  0.02, 0.53 ±  0.03 a.u., respectively) and in 0.1% DMSO control 
(0.53 ±  0.02, 0.52 ±  0.06 a.u., respectively). Similarly, statistical analysis showed no significant difference 
between control cells and 0.1% DMSO control, for P-gp expression during the experiment. Consequently, 
0.1% DMSO had no effect on the P-gp expression in SUM1315 cell lines (Fig. 3B).

The kinetic coexpression of BCRP and P-gp in SUM1315 cell cultures was then analyzed after 1.5 h, 
3 h, 4.5 h, 6 h, 15 h and 24 h of treatment with 50 μ M Olaparib (Fig. 3C,D). After adding 50 μ M Olaparib 
in cell culture, BCRP expression (Fig.  3C) increased significantly from 1.5 h and remained high until 
4.5 h (0.59 ±  0.05 a.u. and 0.51 ±  0.08 a.u., respectively). In control 0.1% DMSO control, the BCRP level 
was 0.32 ±  0.04 a.u. at 1.5 h and 0.28 ±  0.01 a.u. at 4.5 h. Then, the rate of BCRP expression decreased 
and remained relatively close to controls from 6 h to 24 h (0.31 ±  0.02 a.u. and 0.28 ±  0.02 a.u., respec-
tively). In the same TNBL treated cell culture, P-gp expression level increased significantly from 3 h to 
6 h after 50 μ M Olaparib treatment (Fig. 3D) (1.21 ±  0.14 a.u. and 0.94 ±  0.07 a.u. against 0.55 ±  0.04 a.u. 
and 0.52 ±  0.05 a.u. for 0.1% DMSO control, respectively). Then, the P-gp expression level slightly 
decreased at 15 h (0.71 ±  0.15 a.u.) but still remained significantly higher than the control 0.1% DMSO 
(0.52 ±  0.03 a.u.). After 24 h of treatment, the level of P-gp expression returned to the control level 
(0.58 ±  0.05 a.u. for P-gp and 0.52 ±  0.06 a.u. for 0.1% DMSO control).

Figure 1. Basal coexpression of BCRP and P-gp in SUM1315 cell line. (A) P-gp and BCRP expression 
were analyzed using Western blot analysis. P-gp and BCRP weighed 170 kDa and 72 kDa, respectively. 
α -tubulin was used as internal control and presented a molecular weight of about 50 kDa. The full-
length blot is presented in Supplementary Fig. S1. (B) P-gp and BCRP expression level was quantified 
using QuantityOne software (Biorad® ). Statistical analyses were performed by student’s t test. *indicates a 
significant difference (p <  0.05) in P-gp and BCRP expression.

Figure 2. Cell survival rate of SUM1315 cell line in presence of increasing Olaparib concentration. Cell 
viability was analyzed using the SRB cell viability assay. Statistical analyses were performed by student’s 
t test. *indicates a significant difference (p <  0.05) in cells survival between 0.1% DMSO control and 
Olaparib treated cells. “a” and “b” indicate a significant difference (p <  0.05) in cells survival between two 
concentrations of Olaparib.
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+����	��������/������	���������0������6����79;$#$%�	���������� In parallel of MDR proteins expres-
sion level studies, a high performance liquid chromatography analytical method with UV detection 
(HPLC-UV) was developed. This method was used to determine the intracellular quantity of Olaparib 
in SUM1315 cells after a 50 μ M treatment with the drug. The analytical method was used to determine 
intracellular Olaparib quantities both in cells and in the cell media after different incubation times.

The retention time (tR) for Olaparib under the chromatographic conditions was 6.4 min. It was 
checked each day an experiment was performed with a freshly prepared standard solution of the drug in 
acetonitrile. The UV detection was performed at 218 nm and compared with the standard Olaparib UV 
spectrum (200–380 nm). Quantitative analyses were performed at 1, 2, 3, 6, 15 and 24 hours. Results are 
normalized to the highest concentration value and are expressed in percentage. For each incubation time, 
an untreated control sample was prepared and injected on the chromatographic system.

Results of intracellular Olaparib quantification are shown in Fig.  4. Olaparib was detected at every 
time points, from 1 to 24 h. The Olaparib level in TNBL cells increased regularly over time from 1 h to 3 h 
and then remained stable until 24 h. It increased significantly (p <  0.05) from 1 h to 3 h (61.9 ±  2.2% and 
93.9 ±  10.8%, respectively). Then, the quantity of Olaparib remained steady until 24 h with no statistically 
different variation. No degradation product was detected. Also, analysis of the culture media showed that 
the Olaparib extracellular level remained stable until the latest 24 h time point (Supplementary Fig. S2), 
and that Olaparib was stable under the incubation conditions as no degradation product was observed.

Figure 3. P-gp and BCRP coexpression induction in SUM1315 cell line in the presence of Olaparib. P-gp 
and BCRP expression levels were analyzed in total protein extract from SUM1315 cells using Western blot 
analysis. Protein expression was quantified using QuantityOne software (Biorad® ). (A) Expression level of 
BCRP in untreated cells and cells treated with 0.1% DMSO. (B) Expression level of P-gp in untreated cells 
and cells treated with 0.1% DMSO. (C) Expression level of BCRP in 0.1% DMSO control cells and in cells 
treated with 50 μ M Olaparib. (D) Expression level of P-gp in 0.1% DMSO control cells and in cells treated 
with 50 μ M Olaparib. Statistical analyses were performed by student’s t test. *indicate a significant difference 
(p <  0.05) in BCRP or P-gp expression between control 0.1% DMSO and Olaparib treated cells.
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SUM1315 cell viability in presence of 50 μM Olaparib over time. The rate of SUM1315 cell via-
bility was analyzed in presence of 50 μ M Olaparib until 120 h, using sulforhodamine B (SRB) viability 
assay. In parallel, a 0.1% dimethylsulfoxide (DMSO) control without Olaparib was also performed. The 
results (Fig.  5) showed that the SUM1315 cells viability was 100 ±  5% for the 0.1% DMSO control. In 
presence of 50 μ M Olaparib, the cell viability rate decreased to 90 ±  3%, 76 ±  13% and 36 ±  4% after 24, 
72 and 120 h, respectively.

Discussion
Breast cancer is one of the most diagnosed diseases in the world. Among the subtypes of breast cancer, 
the TNBL phenotype, which affects mainly young women, is particularly aggressive and presents a poor 
prognosis. Indeed, the lack of estrogen, progesterone and HER2 receptors expression in these tumor 
cells makes them insensitive to targeted anti-hormone and/or anti-HER2 therapies1. As a consequence, 
the main treatment remains conventional chemotherapy, with good initial response in some cases, but 
the tumor is rarely eradicated. Therefore, new targeted therapies represent an urgent need20,21. PARP 
inhibitors, a new class of targeted drugs, specifically targeting TNBL tumor cells is being developed 
and is currently being tested in clinical research6,7. Based on the synthetic lethality concept, anti-PARPs 
specifically target TNBL-BRCA deficient tumor cells, thus causing their death11. Olaparib (AZD 2281; 
AstraZeneca, London, UK) is an anti-PARP, which was recently approved by the US Food and Drug 
Administration and European commission for the treatment of advanced ovarian cancer in patients with 
BRCA mutations. This drug is also currently in clinical research for various cancers such as solid tumors, 
breast, prostate, lung, esophagi, gastric, colorectal and brain and central nervous system cancers. In these 
studies, Olaparib is either used alone or in combination with other anticancer drugs12. Regarding breast 
cancer, several clinical studies are currently underway with Olaparib on triple negative breast cancer12. 
However, despite the great interest in this type of targeted therapy, three mechanisms of resistance to 

Figure 4. Intracellular Olaparib quantification in SUM1315 cell line over time. For intracellular 
Olaparib quantification, analytical HPLC experiments were performed. Olaparib was detected at 218 nm 
and quantified by measuring the area under the curve (AUC) of the corresponding chromatographic peak. 
Results are expressed in percentage of the highest AUC value.

Figure 5. Cell survival rate of SUM1315 cell line in presence of 50 μM Olaparib over time. SUM1315 
cells were treated with 50 μ M Olaparib and the cell viability was analyzed with the SRB cell viability assay 
after 24, 72 and 120 h of treatment. Statistical analyses were performed by student’s t test. *indicate a 
significant difference (p <  0.05) in cells survival between controls and treated cells.
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PARP inhibitors have been identified. Namely, secondary BRCA gene mutations, the loss of PARP target 
protein expression, and the upregulation of MDR efflux transporters13,15,17,22.

MDR proteins were identified long ago as a major cause of drug resistance in tumor cells. This defense 
system causes the efflux of cytotoxic drugs outside the tumor cells19. At present, ABCB1/MDR1/P-gp, 
ABCC1/MRP1, ABCC10/MRP7 and ABCG2/BCRP/MXR are recognized as the major clinically relevant 
MDR transporters14. In this context, the present work focused on the respective implication of P-gp and 
BCRP, in SUM1315 TNBL cell line model, in response to the PARP inhibitor Olaparib.

The analysis of the expression of P-gp and BCRP in untreated TNBL SUM1315 cell line showed 
a clear basal coexpression of the two MDR proteins. However, P-gp expression was 1.6 times higher 
than BCRP. These results suggest that this mechanism of cellular resistance is already present in this 
TNBL cell line before treatment. Interestingly, the basal coexpression of these two MDR proteins may be 
partly responsible for the TNBL tumors aggressiveness and poor outcomes reported in clinical practice. 
Little data exists on the implication of MDR proteins in TN tumors. For instance, it was reported that 
chemotherapy treatments on TN breast cancers could be individualized and their efficiency rose based 
on the expression patterns of P-gp obtained from immunohistochemical analyses of patients’ biopsies23. 
Regarding BCRP, it was reported that the IMP3 protein promotes chemoresistance in SUM1315 and 
MDA-468 TNBL cell lines by regulating this MDR protein expression24. Moreover, BCRP expression was 
also clearly detected in side population of MDA-MB-231 TNBL cell lines25.

After basal co-expression of P-gp and BCRP analysis, the impact toxicity of Olaparib was analyzed 
in SUM1315 cell line in presence of increasing concentrations of drug, ranging from 20 to 100 μ M. SRB 
viability test highlighted few toxicity of Olaparib on these TNBL cell line, with a decrease of about 10% 
of cell viability at 50 μ M and 15% at 100 μ M, after a 24 h exposure. The low toxicity concentration of 
50 μ M Olaparib was then chosen for the next experiments.

To analyze the “resistance response” of TNBL tumor cells against Olaparib in SUM1315 model cell 
line, the coexpression of P-gp and BCRP was studied in relationship with intracellular concentration 
of this anti-PARP, during 24 h. The coexpression pattern of BCRP and P-gp over time with a 50 μ M 
Olaparib treatment clearly showed relay overexpression of the two MDR proteins. Indeed, after 1.5 h of 
treatment, only BCRP expression was clearly increased, with a rate 1.8 fold higher than the control. BCRP 
expression level remained stable and still high to 4.5 h and then returned to control level at 6 h. P-gp 
expression level was clearly induced after BCRP, from 3 h to 15 h of treatment, with an average rate of 
1.8 fold higher than control. P-gp expression level decreased to the control value after 24 h. These results 
first showed that Olaparib clearly induced the expression increase of both MDR proteins in this TNBL 
cell line, which may represent a defense system against this drug. Interestingly, Rucaparib, another PARP 
inhibitor, was also showed to be transported by both BCRP and P-gp, in polarized monolayers MDCKII 
human cell line26. In our study, the coexpression pattern in SUM1315 cell line of both MDR against 
Olaparib suggests that BCRP would constitute the first line of defense against this drug. This defense line 
was strengthened and then relayed by P-gp. All these results suggest that in TNBL tumors, a resistance 
network settles rapidly against Olaparib. The recognition of Olaparib by P-gp was already reported in in 
vitro models such as in the overexpressing drug-resistant IGROVCDDP cisplatin-resistant ovarian cancer 
cell line, in the KB-8-5-11 multidrug resistant epidermal carcinoma cell line and in BRCA1-mutated 
mouse mammary tumors27,28. In in vivo mouse model, it was shown that the resistance to Olaparib could 
be acquired by the upregulation of Abcb1a/b genes in a TN tumor model16.

In parallel of MDR proteins expression studies, the intracellular level of Olaparib in SUM1315 cell 
line treated in the same experimental conditions was investigated. To that end, a new high performance 
liquid chromatography method was developed. Results showed that Olaparib rapidly enters the cells. 
Intracellular Olaparib quantities in cells increased steadily and significantly from 1 h to 3 h (52% increase) 
and then remained stable at the same level until 24 h. No degradation products were detected in cell 
samples or in the culture media, which showed that Olaparib was stable under the incubation conditions 
even after 24 hours. Moreover, the Olaparib concentration in the culture media remained constant at 
each time point.

Overall, our results show that the presence of Olaparib in the intracellular milieu leads to the signif-
icant overexpression of BCRP. That first line of defense settles very rapidly after the beginning of drug 
exposure and, while dropping back to its basal level, is relayed by the marked overexpression of P-gp. 
Interestingly, the P-gp overexpression occurs after 3 h, when the intracellular Olaparib reaches its highest 
level. As mentioned before, this intracellular level remained stable at later time points until 24 h, but the 
MDR protein expression slowly returned to basal level at 24 h. Thus, in presence of a low toxic Olaparib 
concentration, a stable level of PARP inhibitor remains into cells despite the early induction of MDR 
proteins. This intracellular level of Olaparib led to the establishment of a progressive cytotoxicity in these 
cells, which could explain the return to basal expression of both MDR proteins that was observed. This 
hypothesis was further supported by the significant decrease in cell viability that was observed after a 
longer term of 50 μ M Olaparib treatment.

In conclusion, a BCRP and P-gp relay overexpression induced by Olaparib in TNBL SUM1315 cell 
line may be involved in resistance to PARP inhibitor Olaparib. Our results further suggest that this 
resistance mechanism may be overpassed if a cytotoxic and stable intracellular level of the drug can be 
maintained. As Olaparib adverse effects are moderate and generally well manageable, this strategy could 
be adapted to clinical settings and foster the optimization of TNBL Olaparib treatment regimen.
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Methods
Chemicals and Reagents. All chemicals, unless otherwise noted, were acquired from Sigma-Aldrich 
(France) and were used as received without further purification. Olaparib was obtained from Sequoia 
Research Products (Pangbourne, UK). Sulforhodamine B (SRB) was purchased from Sigma-Aldrich 
(France). All chemicals and solvents used were of HPLC or analytical-reagent grade, and water was 
purified using Milli-Q gradient A10 (Merck Millipore, UK). All the solvents were filtered through a 
0.45 μ m Durapore PVDF membrane filter (Merck Millipore, UK) before being used in the chromato-
graphic system. DMSO was of molecular biology grade.

SUM1315 Cell Culture. SUM1315 cells were obtained from Asterand (Royston, UK) and maintained 
by weekly serial passage in a 5% CO2 atmosphere at 37 °C. Cells were cultured in Ham’s F12 medium 
(GIBCOTM, France) supplemented with 5% fetal bovine serum, 10 mM HEPES buffer, 20 μ g/mL gen-
tamicin, 10 ng/mL EGF and 4 μ g/mL insulin.

Preparation of Olaparib solutions and cell culture exposure. Olaparib was dissolved in DMSO 
as a stock solution at 50 mM. For each experiment, 250 000 cells/ml were first seeded in 5 ml of culture 
medium and incubated at 37 °C during 24 h for cell adhesion to the flask. The cell cultures were then 
exposed to 50 μ M Olaparib during 1.5 h, 3 h, 4.5 h, 6 h, 15 h and 24 h. For each Olaparib concentration 
studied, the required volume of Olaparib was removed from the Olaparib stock solution. This was then 
supplemented with the appropriate volume of DMSO, so that the final DMSO concentration remained 
always constant i.e. 0.1%, in all analyzed cell cultures. In parallel, two controls (i) untreated cells and (ii) 
cells treated with 0.1% DMSO were carried out.

Cell Viability Assay. SUM1315 cell viability was measured using the Sulforhodamine B (SRB) colori-
metric assay29. For this, 5000 cells/well in 200 μ L of culture medium were seeded in 96-well microplates 
and incubated for 24 h at 37 °C and 5% CO2, for cells adhesion to the well. In each microplate, a range 
of controls (untreated cells), controls 0.1% DMSO was performed. In a first series of assays, increasing 
Olaparib concentrations (20, 40, 50, 60, 80 and 100 μ M) were tested and the cell viability was measured 
after 24 h of incubation. In another series of assays, a fixed 50 μ M Olaparib concentration was chosen 
and the cell viability was measured after various incubation times (24 h, 48 h and 120 h). The final DMSO 
concentration in each well was always 0.1%. After treatment, cell culture was fixed with trichloroacetic 
acid at the final concentration of 10% per well. After 1 h incubation at 4 °C, the medium was removed. 
Cells were washed three times with distilled water. Then, cells were stained by adding 50 μ L of 0.4% SRB 
in 1% acetic acid solution, for 15 min. After three washing with 1% acetic acid, each well was treated with 
200 μ L of Tris base (10 mM; pH 10.5) and the plate was stirred 30 min for homogenization at room tem-
perature. The absorbance of each well was measured at 540 nm using a microplate reader (Multiskan FC, 
Thermo Scientific). The viability rate of control cells was determined by the ratio of 0.1% DMSO treated 
cells/untreated cells. For Olaparib treated cells, viability rate was determined for each concentration by 
calculating the ratio Olaparib treated cells/0.1% DMSO treated cells.

MDR expression studies by Western blot analysis. For each experiment, with or without 
Olaparib treatment, SUM1315 cell cultures pellet were washed with phosphate buffered saline (PBS) 
(2 ×  5 mL), trypsinized (1X trypsin) and re-suspended in culture medium (10 mL) before centrifugation 
at 4 °C (250 g, 10 min). Cell lysates were prepared from cell pellets using a lysis buffer of 20 mM tris-HCl, 
2 mM EDTA, 2 mM EGTA, 6 mM 2-mercaptoethanol (100 μ L) supplemented with 1% protease inhibi-
tor (Protease Inhibitor Cocktail P8340, Sigma-Aldrich, France) in conjunction with sonication (5 ×  3s) 
at 4 °C. Protein concentration was determined using a protein assay kit (Coomassie Plus – The Better 
Bradford AssayTM Kit, Thermo Scientific, France) according to the manufacturer’s protocol. Western blot-
ting was then carried out according to Valton et al., 201318. Briefly, each lysate was diluted in a sample 
buffer (1.25 M tris-HCl, 20% sodium dodecyl sulfate, 20% glycerol, 2 M dithiothreitol, 0.5% bromophe-
nol blue, pH 6.8) to a protein concentration of 3 μ g/μ L, and 20 μ L of each diluted sample were electro-
phoresed. P-gp and BCRP were probed using the C219 monoclonal antibody (Calbiochem, Millipore, 
France) at a 1:500 dilution and the MAB4146 monoclonal antibody (Calbiochem, Millipore, France) at a 
1:400 dilution, respectively, and a goat anti-mouse secondary antibody conjugated to horseradish perox-
idase (HRP) (Promega, France) at a 1:10000 dilution. The α -tubulin loading control was probed using 
the DM1A mouse monoclonal antibody at a 1:100000 dilution and the same HRP conjugated secondary 
antibody. Immune complexes were visualized by chemiluminescence using the ECL2-enhanced chemi-
luminescence detection system (Pierce, Thermo Scientific, France) according to the manufacturer’s spec-
ifications. Densitometric analyses were performed using Quantity-One software (version 4.6.6, Bio-Rad, 
France). P-gp or BCRP expression was determined by calculating the ratio of the density of the corre-
sponding band over the density of the α -tubulin band. This ratio was expressed in arbitrary unit (a.u.).

=���� ������"��	�� ��/���� 	���"���������� ���� �����	�������� 0������6� /������	������� For 
intracellular Olaparib quantification, analytical HPLC experiments were performed on a HP 1100 series 
LC system equipped with an online degasser, a quaternary pump, a column oven, a photodiode array 
detector and an autosampler. Solvents A (H2O with 0.1% v/v TFA) and B (acetonitrile with 0.1% v/v 
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TFA) used for the preparation of the mobile phase were filtered before use. The temperature of the 
column oven was kept at 25 °C. A gradient elution was applied at a flow rate of 0.8 mL/min through a 
reversed-phase Nova-Pak®  4 μ m C18 column (150 ×  3.9 mm; Waters Corporation, Milford, MA, USA) 
with an additional Nova-Pak®  guard column. The following gradient was employed: 0–11 min, 5–80% B; 
11–13 min, 80% B; 13–15 min, 80–5% B; 15–19 min, 20%. 20 μ L were injected into the HPLC system. The 
photodiode array detection was carried out from 200 to 380 nm. Olaparib was detected at 218 nm and 
quantified by measuring the area under the curve (AUC) of the corresponding chromatographic peak at 
a retention time of 6.4 min. Results are expressed in percentage of the highest AUC value and the purity 
of the peak was assessed by comparing the UV spectrum (200–380 nm) with the one obtained with a 
50 μ M standard solution of Olaparib in acetonitrile. HP Chemstation software (version B.04.03-SP1, 
Agilent Technologies, France) was used for acquisition of chromatograms and integration data.

SUM1315 cell culture (250 000 cells/mL) was treated with 50 μ M Olaparib during 1 h, 2 h, 3 h, 6 h, 
15 h and 24 h). After each incubation time, the culture medium was removed and stored at 4 °C for 
analysis. Cells were subsequently washed with ice-cold PBS (2 ×  2 mL) and then lysed by scraping in 
acetonitrile (2 mL) in conjunction with sonication (5 ×  3s). After centrifugation of the samples at 4 °C 
(350 g, 10 min), the supernatant was filtered through a 0.45 μ m PVDF membrane filter and pipetted into 
a 1 mL autosampler vial for injection.

For each experiment, the concentration of Olaparib in the cell culture medium was also determined. 
The culture medium was diluted (1:2) with acetonitrile and the mixture was subsequently stirred and 
centrifuged at 4 °C (350 g, 10 min). The supernatant was filtered through a 0.45 μ m PVDF membrane 
filter and pipetted into a 1 mL autosampler vial for injection.

Data analysis. All experiments were performed at least in triplicate. Results are presented as means 
+ /− standard deviation. Statistical analyses were performed with Microsoft Excel using a two-sided 
Student’s t test. p <  0.05 was considered as significant.
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 ABSTRACT 

Triple-Negative Basal-like (TNBL) breast cancer is a particularly aggressive type of 

tumour associated with poor prognosis and resistance to current therapies. Among in vitro 

modelling, the three-dimensional (3D) cell culture, which mimics the 3D organization of 

tumours, presents a great interest for cytotoxicity study of anticancer drugs. Thus, these works 

were focused on the development of 3D cell culture from the TNBL SUM1315 cell line model 

and also its associated cytotoxicity assay. The comparison of liquid overlay in agarose matrix 

and hanging drop technologies showed the formation of compact and homogeneous spheroids in 

presence of 2% Matrigel® and 1500 to 12 000 cells per well, with diameters of 250 to 900 μm, 

respectively. The cell ultrastructure analysis of these spheroids by Transmission Electron 

Microscopy (TEM) showed for both techniques the presence of juxtaposed cells containing 

intact nuclei, intracellular organelles and cell membranes with the presence of tight cell junctions 

and desmosomes. However, the liquid overlay in agarose matrix technique was selected because 

it displayed better integrity and cellular interactions within the spheroids.�The Scanning Electron 

Microscopy (SEM) then confirmed the formation of compact and homogeneous spheroids with 

this selected technology. The AlamarBlue® cytotoxicity test developed from SUM1315 3D cell 

cultures in the presence of various concentrations of doxorubicin, a selected anticancer drug, 

showed an IC50 of 1.012 ± 0.028 µM. All these methodologies could be adapted to other triple-

negative breast cancer (TNBC) cell lines and become a standard technique to study the efficacy 

of targeted therapies and the associated mechanisms of chemo resistance. 

 

KEYWORDS: SUM1315, Triple Negative Basal-Like breast cancer, 3D cell culture, liquid 

overlay in agarose matrix, hanging drop, AlamarBlue®. 
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INTRODUCTION 

 Triple-negative basal-like (TNBL) tumours comprise 70% of the basal-like tumour 

subtype and 15% of all breast cancers. They are characterized by the non-expression of the 

estrogen receptor (ER), the progesterone receptor (PR) and HER 2 on cell surfaces.
1
 This 

phenotype appears to be related to the presence of certain mutations (BRCA, PTEN). 
2,3,4

 TNBL 

tumours mainly affect young women aged around thirty, and are often associated with a 

hereditary predisposition (BRCA1/2 gene mutation). These tumours are aggressive with a very 

poor prognosis.
5
 Indeed, TNBL tumours have a high proliferative capacity and so respond well 

to neoadjuvant treatments such as chemotherapy, but the cancer is rarely eradicated. Rapid and 

almost systematic relapse, associated with metastases then occurs.
6
 Moreover, the tumours are 

not sensitive to targeted hormone therapy, since they do not express the relevant receptors. 

Therefore, the therapeutic strategy for this type of cancer is extremely complex.
7
 Because of the 

limited efficacy of conventional treatment on TNBL tumours, many efforts have been made to 

improve the prognosis of patients with this type of cancer, such as the optimization of treatment 

protocols and the development of new-targeted therapies.
8
 

 Preclinical in vitro studies that evaluate the efficacy of chemotherapeutics are mainly 

performed on two-dimensional (2D) cell cultures. However, this type of culture does not 

reproduce the structural properties of tumours. In fact, these tumours are biochemically and 

structurally characterized by the generation of hypoxic regions, intercellular interactions, nutrient 

and growth factors exchanges, and production of extracellular matrix that is essential to tumour 

stability and regulation of cellular functions 
9,10,11

. These characteristics are not encountered in 

2D cell cultures because of the monolayer conformation of cells.  

Therefore, over the last decade, three-dimensional (3D) cell culture, which mimics the 3D 

organization of tumours, has regained interest. This innovative technique consists in forming 

aggregated and compact cell clusters also called spheroids. Two methods are commonly used to 

form spheroids in which the cells form intercellular connections. With the first, the cells are 
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deposited on non-adherent surfaces (liquid overlay in agarose matrix) or in suspension (hanging 

drop) which causes aggregation by gravity or by rotation. With the second method, the cells are 

sealed in hydrogels to increase the formation of aggregates and cell/matrix bonds (collagen, 

hyaluronic acid etc...).
12

 Whatever the technique used, studies have shown that, over time, the 

cells form a spheroid and gain different characteristics depending on their position and size.
9
 

Indeed, the easily accessible peripheral cells are metabolically active, unlike those of the center. 

With this cell configuration, various gradients would develop, for (i) oxygen, (ii) nutrients, (iii) 

lactate accumulation, and (iv) pH. Because of their position within the spheroid, the cells at the 

center have unfavorable conditions and ultimately form a necrotic core or become quiescent, 

while cells on the periphery continue to proliferate
13, 14

. Thus, 3D cell culture appears to be an 

accurate model to study the impact of chemotherapeutics on tumours
15.

 This is why this 

innovative technology is increasingly being integrated into the drug development process. In 

fact, in terms of drug efficacy potential of prediction, it is positioned before in vivo experiments 

and after 2D cell culture.
9
  

 In this context, these works were focused on the development of 3D cell culture from the 

SUM1315 TNBL breast cancer cell line using the hanging drop and the liquid overlay in agarose 

matrix techniques, and the adaptation of the cytotoxicity test AlamarBlue® to this 3D cell 

culture.  

 

RESULTS  
 
 
Development of 3D cell culture from SUM1315 cell line 

For the development of 3D culture from SUM1315 cell line with both techniques, two 

parameters were analyzed, i.e. the concentration of Matrigel® and the number of cells.  

 

 



Table 1 

Appropriate Matrigel® concentration and conditions of addition.  
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(/) scattered cell clusters 

Experiments were performed in triplicate and for a concentration of 10 000 cells per well. 

Spheroid formation was detected only when Matrigel® was added once the cell aggregates 

were formed and for concentrations between 1 and 2%. Observations were made at day three. �������������������
Figure 1 - SUM1315 cells aggregation profiles under light microscopy.  
Images were recorded seven days after seeding oft 10 000 cells per well using a light 

microscope (Realux, COFEMO®) coupled to a camera (Industrial Digital Camera, 

UCMOS®) associated to its software (ToupView®) (Magnification = 40X). A, B, and C are 

aggregation profiles obtained with the hanging drop technique, D, E and F are aggregation 

profiles obtained with the liquid overlay in agarose matrix technique. (A, D) Loose aggregates 

in the absence of Matrigel® in the culture medium. (B, E) Small-scattered cell aggregates in 

the presence of 6% Matrigel®. (C, F) Compact spheroid in the presence of 2% Matrigel® 

added once the aggregates were formed at day two. Observations were made at day three. ��
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Appropriate Matrigel® concentration 

To determine the appropriate Matrigel® concentration for both techniques, several 

conditions were tested and the compaction level of cells was assessed by light microscopy. The 

Matrigel® was diluted following three methods: either (i) in a tube containing the cell 

suspension and subsequently seeded in the culture wells, or (ii) deposited directly onto the cells 

immediately after seeding or (iii) added to the culture medium after the formation of cell 

aggregates (Table 1).  

 

Hanging drop technique: In absence of Matrigel®, the cells aggregated spontaneously but no 

spheroid was formed (Fig. 1A, Table 1). However, small aggregates were formed when 

Matrigel® at 0.25, 0.5, 1, 2, 3, 4, 5 and 6% was added directly to the tube containing the cell 

suspension, but they were scattered in the wells and did not form a unique spheroid (Fig. 1B, 

Table 1). When Matrigel® (0.25, 0.5, 1, 2, 3, 4, 5 and 6%) was deposited just after cell seeding, 

the cells remained scattered in the wells with concentration over 1%, while with concentrations 

lower than 1% the cells aggregated uniformly but did not compact (Fig. 1A, Table 1). Under 

conditions where the Matrigel® was deposited on the already-formed aggregates at less than 1% 

or more than 2% concentrations, the cells aggregated but did not compact (Matrigel® <1%, Fig 

1A) or remained scattered in the wells (Matrigel >2%, Fig. 1B). Hence, only concentrations of 

Matrigel® between 1% and 2% induced the formation of compact spheroids (Fig. 1C, Table 1). 

 

Liquid overlay in agarose matrix technique: The results presented in Fig. 1D, and Table 1 

showed that in the absence of Matrigel®, the cells aggregated spontaneously but did not form 

spheroids. Under conditions where the Matrigel® was added directly to the tube containing the 

cell suspension before cell seeding, whatever the Matrigel® concentrations tested (0.25, 0.5, 1, 2, 

3, 4, 5 and 6%), only small-scattered aggregates were detected (Fig. 1E, Table 1). However, 

when the Matrigel® was deposited onto the cells just after seeding, cells aggregated uniformly 
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Figure 2 - Appropriate SUM1315 cell line 
concentration for spheroid formation with 
hanging drop technique. 

Cells were cultured with 2% Matrigel added 

once the aggregates were formed at day two 

and every day, for five days. Experiments and 

observations (M =40X) were performed in 

triplicate. (A) Diameter of cell aggregates at 

day two (D2) and of spheroids at day five (D5) 

according to the number of cells at seeding. (B) 

Spheroid profiles under light microscopy after 

five days (a, 1500 cells per well; b, 3000 cells 

per well; c, 5000 cells per well; d, 10000 cells 

per well). Scale bar: 200 µm. (C) Spheroid 

diameter according to the number of cells per 

well at seeding.  �

Figure 3 - Appropriate SUM1315 cell 
line concentration for spheroid 
formation with liquid overlay in 
agarose matrix technique. 
Cells were cultured with 2% Matrigel 

added once the aggregates were formed 

at day two and every day, for seven 

days. Experiments and observations (M 

=40X) were performed in triplicate. (A) 

Diameter of cell aggregates at day two 

(D2) and of spheroids at day seven 

(D7) according to the number of cells at 

seeding. (B) Spheroid profiles under 

light microscopy after five days (a, 

1500 cells per well; b, 3000 cells per 

well; c, 6000 cells per well; d, 12000 

cells per well). Scale bar: 200 µm. (C) 

Spheroid diameter according to the 

number of cells per well at seeding.  �
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but did not compact with concentrations lower than 1% (Fig 1D), or formed small-scattered 

aggregates in wells containing a concentration of Matrigel® over 1% (Fig. 1E, Table 1). Under 

conditions where the Matrigel® was deposited on the already-formed aggregates at less than 1% 

and more than 2% concentrations, the cells aggregated but did not compact (Matrigel® <1%, Fig 

1D) or remained scattered in the wells (Matrigel® >2%, Fig. 1E). Hence, only concentrations of 

Matrigel® between 1% and 2% induced the formation of compact spheroids (Fig. 1F, Table 1).  

 

Appropriate cell concentration 

Considering both techniques, several cell concentrations from 1500 to 50000 cells per 

well were tested in the presence or absence of Matrigel® at a concentration of 2%. Matrigel® 

was added in the wells once a day for seven days, from the formation of a cell aggregate in the 

wells. For each condition, aggregate formation was monitored daily and the diameter of the 

aggregate (compact or not) was measured using ToupView software (Fig. 2, Fig. 3).  

 

Hanging drop technique: in absence of Matrigel®, SUM1315 cell line form uniform but loose 

aggregates, regardless of the cell concentration used (diameter of 710 ± 10 µm with 1500 cells 

and 1043 ± 11 µm for 10000 cells, Fig. 2A). In contrast, when Matrigel® was added when cells 

were clustered, aggregates formed with 1500 to 10000 cells became compact and unique 

spheroids. Indeed, after five days of culture, the aggregate diameters measured for 1500, 3000, 

5000 and 10 000 cells per well were: 260 ± 10 μm, 327 ± 18 μm, 387 ± 11 and 806 ± 23 μm 

respectively (n=4) (Fig. 2A, B). Furthermore, the mean diameters of the spheroids for each 

concentration were proportional to the number of cells in the wells at seeding (Fig. 2C). For the 

concentrations above 10 000 cells per well, no compact spheroids were detected (data not 

shown). 

 



�
 
 
 
 

Figure 4 - Liquid overlay in agarose matrix and hanging drop spheroid profiles under 
Transmission Electron Microscopy (TEM)  
(Full arrow= desmosome, dashed arrow= tight junction, N = nucleus) 

Spheroids were formed using 6 000 cells per well. 

Cell organization (A, Magnification =3 000X) and ultrastructure and cellular junctions within 

liquid overlay in agarose matrix spheroids (B, M=30 000X).  

Cell organization (C, M=5 000X) and ultrastructure and cellular junctions within hanging 

drop spheroids (D, M=15 000X). ��������������� �
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Liquid overlay in agarose matrix: Experiments without Matrigel® confirmed that SUM1315 

cells had the ability to form uniform, but loose aggregates, regardless of the cell concentrations 

used (diameter of 650 ± 95 µm with 1500 cells and 1664 ± 83 µm for 12000 cells) (Fig. 3A). In 

contrast, after the addition of Matrigel®, compact spheroids were detected with cell 

concentrations of 1500 to 12 000 cells per well. Indeed, with 1500, 3000, 6000 and 12000 cells 

per well, the aggregate diameters measured after seven days were: 336 ± 13 µm, 501 ± 22 µm, 

677 ± 51 µm and 887 ± 26 µm, respectively (n=6) (Fig. 3A, B). Furthermore, analysis of the 

mean diameters of the spheroids showed proportional relationship between the number of cells in 

the wells at seeding and the size of spheroids (Fig. 3C). However, cell concentrations greater 

than 12000 cells did not form compact spheroids (data not shown). 

 

Ultrastructural study of SUM1315 spheroids by Transmission Electron Microscopy (TEM) 

The integrity and ultrastructure of SUM1315 cells in the spheroids formed with 6000 

cells and 2% Matrigel® were then compared for hanging drop and liquid overlay in agarose 

matrix techniques, by Transmission Electron Microscopy (Fig. 4). The ultra structural 

organization of spheroids was studied via the analysis of the general appearance of the cells i.e. 

the integrity of nuclear and plasma membranes, the presence of cell organelles and the nature of 

cell junctions involved in the formation of these masses.  

 

Hanging drop technique: Spheroids from the hanging drop technology analyzed by TEM at 

5000X showed juxtaposed cells containing distorted nuclei but intact plasma membranes (Fig. 

4C). Furthermore, the ultra structural analysis of cells at a higher magnification i.e. 15 000X 

revealed the presence of ribosomes, many lysosomes and other intracellular organelles as well as 

cellular junctions like desmosomes (Fig. 4D).  

 



���������������
 
 
Figure 5 - Liquid overlay in agarose matrix spheroid profile under Scanning Electron 
Microscopy (SEM)  
Spheroids were formed using 6 000 cells per well. (A) Overall conformation (M= 270 X) and 

(B) intercellular junctions (full black arrow, M= 2 500 X). �
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6 – 3D cell culture sensibility to doxorubicin 
Liquid overlay spheroids of 6000 cells and 2% Matrigel® (n=12) were treated with increasing 

concentrations of doxorubicin (2nM to 20 µM) for 72h. Cell viability was measured after 3h 

incubation with AlamarBlue® cytotoxicity reagent (10%), at 570 and 620nm. Survival rate 

was calculated with the formula (OD570-620nm treated wells/ OD570-620nm negative control) x100.  

IC50 calculation was performed using www.changebioscience.com/stat/ec50.html 
*p<0,05 
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Liquid overlay in agarose matrix technique: Spheroids obtained by liquid overlay in agarose 

matrix technique observed under TEM at 3000 X showed juxtaposed cells containing 

homogeneous nuclei. The integrity of the cell membranes was also well preserved (Fig. 4A). 

Moreover, the ultrastructural analysis of cells at a higher magnification i.e. 30 000 X showed 

intact intracellular organelles such as ribosomes, tight cell junctions and desmosomes (Fig. 4B). 

The two techniques allowed the formation of spheroids with cells distributed 

homogeneously and forming intercellular junctions. However, since more regularity in cells 

morphology was detected in the spheroids obtained with the liquid overlay technique, this 

methodology was chosen for further experiments. 

 

Ultrastructural study of SUM1315 spheroids by Scanning Electron Microscopy (SEM)  

In order to confirm the integrity of the SUM1315 cells in spheroids formed with the 

liquid overlay technique, their overall conformation was studied by SEM (Fig 5A). Cell 

distribution on the surface of the spheroids was homogeneous and intercellular junctions were 

also detected on the surface (Fig. 5B), demonstrating cell cohesion. Furthermore, Matrigel® 

appeared to be distributed all over the spheroid, giving it a particular granular aspect.  

 

3D cell culture sensibility to doxorubicin 

Cytotoxicity assays were performed in 3D conditions using AlamarBlue® cytotoxicity 

test (Life Technologies®, Invitrogen®). For SUM1315 cell cytotoxicity analysis, doxorubicin, a 

common anti-cancer treatment used for TNBL breast cancers was tested. SUM1315 spheroids at 

a concentration of 6000 cells per well cultured in liquid overlay in agarose matrix were treated 

with increasing concentrations of doxorubicin (2 nM to 20 µM), for 72 h. The rate of cell 

viability was about 100% from 2 to 200 nM doxorubicin (98 ± 3% and 103 ± 9%, respectively) 

(Fig. 6). In contrast, from 2 µM to 20 µ M doxorubicin, SUM1315 cell viability decreased 
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significantly from 45 ± 3% for 2 µM to 30 ± 0,2% for 20 µM of this drug. Sigmoidal calculation 

of the half maximal effective concentration (EC50) of doxorubicin on 3D cell cultures 

(www.changbioscience.com/stat/ec50.html) showed an EC50 of 1.011 ± 0.028 µM.  

 

DISCUSSION 

Breast cancer is a complex disease which is heterogeneous in terms of morphological, 

genetical and phenotypical characteristics, and response to treatment
16

. Among the different 

molecular subtypes identified, the Triple-Negative Basal-like (TNBL) phenotype is particularly 

aggressive with poor prognosis and responsible for many deaths especially amongst young 

women aged around thirty. This phenotype is characterised by (i) the absence of expression of 

estrogen (ER), progesterone (PR) and HER2 receptors at the surface of tumour cells, (ii) the low 

expression of E-cadherin, (iii) the expression of cytokeratins 5/17, and (iv) in various cases the 

presence of mutations in the BRCA1/2 genes
2, 5, 7, 17

.  

Conventional chemotherapy is generally used to treat these tumours but, due to their 

characteristics, they are of very limited efficacy.
7
 For this reason, many efforts are being made to 

improve the prognosis of patients. Indeed, preclinical approaches via in vitro assays and clinical 

research are currently developing new drugs targeted against these tumours.  

For in vitro assays, 2D cell culture remains the gold standard in Cell Biology. However, 

other methods of cell culture, particularly those in three dimensions (3D) are increasingly 

developing. Indeed, 3D cell cultures mimic more accurately the conditions of in vivo tumours, 

resulting in the formation of compact cell aggregates that may include one or more cell types. By 

this conformation, cancer cells would be able (i) to develop interactions with the intercellular 

matrix and exchange nutrients, and (ii) to introduce gradients, such as gradients of pH or 

hypoxia.
9
 Furthermore, the sensitivity of tumour cells in response to anti-cancer drugs may be 

different depending on their location within a compact mass, and this may impact drug 
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distribution. All these features make the 3D cell culture model a great tool to study the sensitivity 

of tumour cells to anti-cancer drugs. Currently, different 3D cell culture technologies such as (i) 

the liquid overlay in agarose matrix, (ii) hanging drop and (iii) cell sealing in hydrogels are 

already available. The first two techniques use the property of cells to aggregate naturally by 

gravity and have been validated for a large number of breast cancer cell lines
12, 18, 19

. 

In this context, our studies were first focused on the development of a 3D cell culture 

from TNBL SUM1315 cell line by comparing two techniques, (i) the hanging drop technique in 

Perfecta 3D plates (Biomatrix
®

) and (ii) the liquid overlay in agarose matrix. Secondly, a 3D 

cytotoxicity test was developed from this cell line. 

The first objective of this study was to select the most appropriate technique for the 

formation of compact and homogeneous spheroids from the SUM1315 cell line. However, for 

the development of a 3D cell culture, the relationship of two parameters is essential to be 

determined, i.e. (i) the concentration of Matrigel® and (ii) the adequate number of cells. Indeed, 

for the formation of compact spheroids, some cell lines require specific matrix in their culture 

medium, i.e. a mixture of specific components of the extracellular matrix (ECM), such as 

laminin or collagen IV. These components are responsible for the cell/extracellular matrix 

connections, and are able to generate an environment leading to the formation of intercellular 

connections
11, 20, 21

. The Triple-Negative Basal-Like SUM1315 cell line expresses low protein 

intercellular junctions such as E-cadherin, which limits the ability of cells to organize themselves 

spontaneously into compact spheroids
22

. For the SUM1315 cell model cell line, Matrigel® 

(Geltrex™ LDEV-Free, Reduced Growth Factor Basement Membrane Matrix, GIBCO®), was 

used for the formation of compact cell masses
18, 20, 23

. Moreover, the development of optimal 

culture conditions for the 3D SUM1315 cell line also required adapting (i) the addition 

conditions of Matrigel® to the culture medium and (ii) the number of cells forming spheroids. 

For this, the appearance and diameter of the spheroids were analyzed for each experimental 

condition under light microscopy
18,19

. With both techniques, optimal conditions for the formation 
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of compact and homogeneous spheroids from SUM1315 cell lines were obtained when 

Matrigel® was added to the culture wells only after cell aggregate formation at a final 

concentration of 2%, considering cells concentrations between 1500 and 10 000 (Hanging drop 

technique) or 12 000 (Liquid overlay in agarose matrix). These conditions resulted in the 

formation of a single compact spheroid per well, exhibiting approximately the same diameters 

(with 1500 cells, 260 ± 10 μm and 336 ± 13 μm for hanging drop and liquid overlay, 

respectively). Similar Matrigel® concentration and conditions of adding were required to form 

spheroids with another BLTN breast cancer cell line, MDA-MB-231
10, 21

.  

 The cohesion, integrity and ultrastructure of SUM1315 cells, as well as the 3D 

conformation of spheroids� obtained with 6000 cells/well and 2% Matrigel from the two 

techniques were then confirmed and compared by Transmission Electron Microscopy (TEM) 

technology. TEM profiles clearly demonstrated that SUM1315 cells remained intact and 

presented intracellular organelles. Moreover, intercellular junctions such as desmosomes and 

tight junctions were also detected. All these results suggest that liquid overlay in agarose matrix 

technology and hanging drop technique are suitable for spheroid formation with the SUM1315 

cell line. However, more regularity in cells morphology including intact nuclei and intracellular 

organite repartition was observed in the spheroid obtained with the liquid overlay technique. In 

addition, this method appeared to be easier to handle. Therefore, the liquid overlay in agarose 

matrix technology was selected as the most appropriate 3D cell culture model for further 

experiments.  

Furthermore, Scanning Electron Microscopy (SEM) profiles of spheroids obtained in the 

same 3D culture conditions, with liquid overlay confirmed similar results. Indeed, a 

homogeneous repartition of cells and matrigel was detected all over the spheroids. Moreover, 

intercellular junctions were also clearly present. In addition, the liquid overlay technology had 

already been validated for others breast cancer cell lines such as MCF-7, MDA-MB-231 and 

other cell lines difficult to handle such as the lung cancer cell line A549.
10
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 The second objective of this work was to develop the AlamarBlue® cytotoxicity test with 

SUM1315 cells cultured in liquid overlay 3D conditions. This cytotoxicity test has been already 

validated for a large number of 3D cell culture models and has the advantage of not being lethal 

to cells
24

. For SUM1315 cell line, the optimal incubation time and the appropriate scale of cell 

concentrations for the AlamarBlue® assay were determined in order to measure the viability of 

cells in 3D conformation after drug treatments. For these experiments, doxorubicin a highly 

cytotoxic intercalating DNA agent currently used to treat breast cancer
26

, was selected. In our 

experimental condition (i.e. 6000 cells/wells and 2% Matrigel), the EC50 of doxorubicin on 

SUM1315 3D spheroids was 1.012 ± 0.028 µM. For now, there are no IC50 reported for 

doxorubicin on 3D breast cancer cell lines. However, the 50% inhibitory concentration of 

doxorubicin has been already indexed for different breast cancer cell lines in 2D cell culture 

conditions 
25, 26

. Indeed, the IC50 of doxorubicin was 0.012 µM for MCF/7 cells sensitive to 

doxorubicin
27

, against 5 µM for MDA-MB-231 cells, which are known to be relatively resistant 

to doxorubicin
28

.  

 Overall, our results showed that the liquid overlay in agarose matrix technology 

constitutes the most appropriate 3D cell culture model for TNBL SUM1315 cell line. The 

development of the AlamarBlue® cytotoxicity test with SUM1315 cells cultured in liquid 

overlay 3D conditions might provide a more efficient approach to model the effectiveness of 

treatments including new targeted therapies on these very resistant and aggressive tumours. For 

validation of this technology, the cytotoxicity of different classes of drugs on SUM1315 3D cell 

culture is currently underway. 

 
METHODS 
 

SUM1315 Cell Culture in 2D 

The SUM 1315 cell line of phenotype BLTN was obtained from the Asterand Company. 

The cells were seeded at 25,000 cells/ml in a 75 cm
2
 culture dish (Falcon ®) at 37 °C under 5% 
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CO2, in 15 ml Ham's F12 medium (GIBCO®) supplemented with 5% decomplemented fetal calf 

serum, 10 mM HEPES buffer, 20 mg/ml gentamycin, 10 ng/ml EGF and 4 g/ml of insulin, 

according to the supplier's instructions
29

. SUM1315 cells having reached confluence were 

initially washed with PBS (1X, Sigma®) and then trypsinized (Trypsin 1X, Sigma®) for 5 min 

at 37 °C. The cells were then taken up in 12 ml of culture medium and centrifuged for 10 

minutes at 250 G. The pellet was then taken up in 5 ml of culture medium. The number of cells 

per ml was determined by a cell count using a vital stain Trypan Blue. This allowed for counting 

the cell dilutions necessary for seeding cells in varying concentrations, and defined for each 

experiment. 

3D cell culture development 

Matrigel® solubilisation. Matrigel® (Geltrex™ LDEV-Free, Reduced Growth Factor Basement 

Membrane Matrix, GIBCO®) inducing compaction of cells within the spheroid is liquid at 4 °C 

and gel at 37 °C. For this, Matrigel® was pre-diluted at a concentration of 10% in culture 

medium maintained at 4 °C to prevent its caking before its addition to cell suspensions or wells. 

 

Agarose solubilisation and plate preparation for liquid overlay in agarose matric technique. Plate 

preparation was performed using a solution of 1.5% (weight/volume) agarose (Sigma®), 

dissolved in sterile distilled water and heated at 60 °C for 20 min. This agarose solution was then 

deposited in sterile conditions in the wells of a 96 rounded bottom wells microplate (Nunc®), at 

70 �l per well, to form a meniscus.  

 

Cell culture concentration and Matrigel® treatment with the hanging drop technique. For 

development of SUM1315 3D cell culture by the hanging drop technique, the Perfecta 3D plates 

(Biomatrix
®

) were used. In order to determine the best concentration for spheroid formation, 

500, 1500, 5000, 6000, 10000, 20000, 30000 or 50000 cells were seeded in each well of the 
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microplate, in a final volume of 25 �l culture medium. The tank surrounding the wells was 

filled with sterile water. The cell culture was then maintained by the addition of 5 µl of culture 

medium to each well, per day. For each culture condition, different Matrigel® concentrations 

(0.25, 0.5, 1, 2, 3, 4, 5 and 6%) were tested. Matrigel® was added to cell culture before or after 

cell seeding and/or during 3D cell culture achievement. 

 

Cell culture concentration and Matrigel® treatment with the liquid overlay in agarose matrix 

technique. For development of SUM1315 3D cell culture by liquid overlay in agarose matrix, 

500, 1500, 5000, 6000, 10000, 12000, 20000, 30000 or 50000 cells were seeded in each well of 

the microplate, in a final volume of 70 �l culture medium. The cell culture was then maintained 

by the addition of 14 µl of culture medium to each well, per day. For each culture condition, 

different Matrigel® concentrations (0.25, 0.5, 1, 2, 3, 4, 5 and 6%) were tested. Matrigel® was 

added to cell culture before or after cell seeding and/or during 3D cell culture achievement. 

 

Tracking spheroid formation. The monitoring of spheroid formation was performed using a light 

microscope (Microscope Realux, COFEMO®) coupled to a camera (Industrial Digital Camera, 

UCMOS®) and its associated software (ToupView®). Depending on the size of cell clusters, 

observations were made at a magnification of 40X or 100X. This equipment allowed for control 

of spheroid formation and measurement of spheroid diameters (according to the manufacturer's 

instructions).  

 

Transmission Electron Microscopy 

The ultrastructural study of spheroids was achieved by Transmission Electron 

Microscopy (TEM). Spheroids obtained with both techniques were washed with 0.2M sodium 

cacodylate buffer, prefixed in 3.2% glutaraldehyde for 24 hours at 4°C and fixed with 1% 

osmium tetroxide in cacodylate buffer for 1 hour. In order to visualize the spheroids, a solution 
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of 0.15% ruthenium red in water was added to the buffer and pre-fixative solutions. Fixed 

spheroids were then progressively dehydrated in ethanol (70%, 95%, 100%) and acetone, 

impregnated in EPON resin for two days at 60°C. Spheroids included in resin were then cut in 

ultrathin slides (80 nm) and finally stained with a contrasting color (uranyl acetate and lead 

citrate). Observation of the ultra structural organization of cells within the spheroids was then 

conducted with the Hitachi® H77650 transmission electron microscope.  

 

Scanning Electron Microscopy 

Scanning Electron Microscopy (SEM) was used to assess the organization of cells 

forming the spheroid. To do this, spheroids obtained with the liquid overlay in agarose matrix 

were firstly transferred in a new plate and then washed with 0.2M sodium cacodylate buffer, 

prefixed in 3.2% glutaraldehyde for 24 hours at 4 °C and fixed with 1% osmium tetroxide in 

cacodylate buffer for 1 hour. For spheroid visualization, a solution of 0.15% ruthenium red in 

water was added to the buffer and pre-fixative solutions. Fixed spheroids were then 

progressively dehydrated in ethanol at 30%, 50%, 95%, 100% and ethanol 100%/HMDS, 

respectively. The samples were then metallized with a mixture of gold and palladium (60-40%) 

and observed with the Jeol 6060 LV scanning electron microscope.  

 

Doxorubicin solubilisation and SUM1315 3D cell culture exposure 

Doxorubicin (Sigma®) was dissolved in dimethylsulfoxide (DMSO, Sigma®), to a final 

concentration of 20 mM, constituting the stock solution. For each experiment, 6000 cells/well in 

microplates were used, according to the conditions described above. The SUM1315 cells were 

exposed to concentrations of 2 nM, 20 nM, 200 nM, 2 �M and/or 20 �M of doxorubicin 

during 72 h. The final DMSO concentration in each culture well was still 0.1%. In parallel, 

control cell cultures and control cultures in the presence of 0.1% DMSO were also performed. 

The cytotoxicity of doxorubicin was then analysed using a cell viability test. 
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Cell viability analysis using the AlamarBlue® assay  

The AlamarBlue® assay (Life Technologies®, Invitrogen®) is a colorimetric assay for 

cell viability, which involves the reduction of resazurin to resorufin by the metabolically active 

mitochondria of cells. Resorufin is a fluorescent compound that exhibits a pink coloring. Thus, 

after a time of incubation, the amount of resorufin formed is directly proportional to the number 

of living cells. Cells cultured in 3D conditions were treated with the drug for 72 h at 37°C. The 

AlamarBlue® reagent was then added to the wells, to a final dilution of 10%, and optical 

densities were measured at 570 and 620 nm after 3h incubation. The amount of reduced 

compound (resorufin) corresponding to the number of living cells per well was calculated for 

each condition (5 conditions, n = 12). The survival rate was determined considering the ratio 

(OD570-620nm treated well/OD570-620nm negative control) x 100.  

 

Statistical analysis 

 Results were expressed as means ± standard deviation of n independent experiments. All 

experiments were performed at least in triplicate and then statistically compared using a 

Student’s t-test. Tests were two-sided and the nominal level of significance was p<0.05 unless 

otherwise specified.  
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