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ABSTRACT

Triple-Negative Basal-Like tumors, representing 15 to 20% of breast cancers, are 
very aggressive and with poor prognosis. Targeted therapies have been developed 
extensively in preclinical and clinical studies to open the way for new treatment 
strategies. The present study has focused on developing 3D cell cultures from 
SUM1315 and MDA-MB-231, two triple-negative basal-like (TNBL) breast cancer 
cell lines, using the liquid overlay technique. Extracellular matrix concentration, 
cell density, proliferation, cell viability, topology and ultrastructure parameters 
were determined. The results showed that for both cell lines, the best conditioning 
regimen for compact and homogeneous spheroid formation was to use 1000 cells per 
well and 2% Geltrex®. This conditioning regimen highlighted two 3D cell models: 
non-proliferative SUM1315 spheroids and proliferative MDA-MB-231 spheroids. In 
both cell lines, the comparison of 2D vs 3D cell culture viability in the presence of 
increasing concentrations of chemotherapeutic agents i.e. cisplatin, docetaxel and 
epirubicin, showed that spheroids were clearly less sensitive than monolayer cell 
cultures. Moreover, a proliferative or non-proliferative 3D cell line property would 
enable determination of cytotoxic and/or cytostatic drug activity. 3D cell culture 
could be an excellent tool in addition to the arsenal of techniques currently used in 
preclinical studies.
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INTRODUCTION

Triple-negative basal-like (TNBL) tumors comprise 
70% of the basal-like tumor subtype and 15% of all breast 
cancers. They are characterized by the non-expression of 
estrogen receptors (ER) and progesterone receptors (PR), 
and the absence of HER2 over-expression or ERBB-2 
amplification [1–4]. TNBL tumors mainly affect young 
women and are frequently associated with hereditary 
predispositions (BRCA1/2 germline mutations). This 
subtype has a very poor prognosis. TNBL tumours have 
a high proliferative capacity and may respond well 
to neoadjuvant chemotherapy or develop a resistance 
phenotype associated with metastases.

Conventional chemotherapy is based on different 
protocols such as FEC (5-fluorouracil, epirubicin, 
cyclophosphamide), FAC (5-fluorouracil, adriamycin, 
cyclophosphamide) or platinum salts (cisplatin), generally 
associated with side effects [5]. Otherwise, these tumors 
are not sensitive to classical breast targeted therapies since 
they do not express the relevant receptors (i.e. ER, PR and 
HER2). Thus, different groups have aimed to develop 
alternative targeted therapies. Targeting Epidermal Growth 
Factor Receptor 1 pathway with anti-EGFR Monoclonal 
antibodies (MoAb) or Tyrosine Kinase Inhibitors (TKI); 
or inhibiting the enzyme Poly-ADP-Ribose-Polymerase1 
(reparation of single-strand breaks)(PARPi) have shown 
promising activities in this preclinical and clinical setting) 
[5–8].

Monolayer in vitro cell culture studies represent a 
gold standard high throughput screening for toxicity of 
chemotherapeutics. However, this type of culture does not 
reproduce the three-dimensional (3D) structural properties 
of tumors. In fact, these tumors are biochemically and 
structurally characterized by (i) the generation of hypoxic 
regions, (ii) intercellular interactions, (iii) nutrient and 
growth factor exchanges, and (iv) the production of 
extracellular matrix that is essential to tumor stability and 
regulation of cellular functions [9–11].

Therefore, over recent decades, 3D cell culture, 
mimicking the 3D organization of in vivo-like tumors, 
has regained interest. This innovative technique consists 
in forming aggregated and compact cell clusters called 
spheroids. In this conformation, cells gain different 
characteristics depending on their position [9]. Variable 
gradients develop for oxygen, nutrients, lactate 
accumulation and pH [9]. The easily accessible peripheral 
cells are metabolically active and able to proliferate. 
Conversely, cells in the centre have unfavourable 
conditions and ultimately become quiescent and form a 
necrotic core [12, 13]. Taken together these metabolic 
and biochemical heterogeneous features reproduce the 
inconstancy of tumors with respect to their response 
to treatment and predict more accurately the features 
of in vivo tumors [14]. Several 3D culture methods are 
available based on (i) the induction of mechanical forces 

i.e. centrifugation pellet culture, spinner flask culture and 
rotary cell culture systems, (ii) micromolding in hydrogels 
and (iii) gravity i.e. hanging drop culture and liquid 
overlay culture [13, 15, 16]. Amongst these methods, the 
liquid overlay technique uses cells capacity to aggregate 
by gravity on non-adherent surfaces and form spheroids 
within a short period of time.

The 3D cell culture model is being increasingly 
integrated into the drug development process as it appears 
to be a more accurate model when studying the impact 
of chemotherapeutics [17]. In fact, in terms of predicting 
potential drug efficacy, it is currently better than 2D cell 
culture [9].

This work focuses on the development of a 3D cell 
culture from two TNBL breast cancer cell lines, SUM1315 
and MDA-MB-231, using the “liquid overlay” technique. 
For this, spheroid extracellular matrix concentration, cell 
density, metabolic activity, cell viability, proliferation, 
topology and ultrastructure parameters were firstly 
determined for both cell lines. Then, in order to better 
characterize 3D cell culture response, cell drugs sensibility 
of these spheroids was analysed in comparison to 2D cell 
culture.

RESULTS

3D cell culture development from TNBL cell 
lines

3D cell culture development was carried out using 
two TNBL cell lines, SUM1315 and MDA-MB-231. 
For each cell line, four parameters were determined: (i) 
extracellular matrix protein concentration (ii) cell spheroid 
concentration, (iii) spheroid cell metabolic activity and 
(iv) spheroid cell viability/mortality.

SUM1315 cell line

Extracellular matrix protein concentration

For these experiments, Geltrex® was used as 
extracellular matrix proteins. SUM1315 cells were 
seeded at 5000 cells per well in “Ultra-Low-Attachment” 
microplates (Corning®) at “Day 0”. Then, several 
conditioning regimens of Geltrex® were tested, i.e. just 
after cell seeding or 24h after cell seeding, and several 
Geltrex® concentrations (0.25 to 6%) were tested (Table 
1, Figure 1B, 1C) and compared with a control cell culture 
without Geltrex® (Figure 1A).

The results showed that when Geltrex® was added 
just after cell seeding (at Day 0), loose cell aggregates were 
detected in the presence of 0.25 and 0.5% of Geltrex® 
concentrations (Table 1, Figure 1A). In the presence of 1 
to 6% Geltrex®, only scattered spheroids were detected 
(Table 1, Figure 1B). When Geltrex® was added 24h after 
cell seeding (at Day 1), loose aggregates and scattered 
spheroids were observed in the presence of 0.25 to 0.5% 
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and 3 to 6% Geltrex® concentrations, respectively (Table 
1, Figure 1A, 1B). In contrast, single compact spheroids 
were detected with 1 to 2% Geltrex® added 24h after cell 
seeding (Table 1, Figure 1C). Therefore 2% Geltrex® 
added at Day 1 was the conditioning regimen chosen for 
3D culture development of the SUM1315 cell line.
Cell spheroid concentration determination

SUM1315 cell concentrations ranging from 50 
to 10000 cells per well were cultured in the presence of 
2% Geltrex® added after cell seeding at Day 1 (Figure 
2A). Spheroid diameters were monitored every day from 
Day 0 (control) to Day 14 with light microscopy, using 
ToupView® software. Results showed that for 50, 2000 
and 10000 cells per well, spheroid diameters were 299±54 
��������	
����������
�	����������������������������
��� ��	��� ���� ���	��� ��� ��� ���	��� ��� ��� ���� ���
respectively. SUM1315 spheroid diameters and shapes 
remained constant until Day 14 for concentrations of 200 
���������������������������	�
����!����������������������"��
and decreased for concentrations of 5000 and 10000 cells 
����������
��	������!�����������������#�$�����"��&'*+���
2A, 2B).

Metabolic activity study in 3D cell culture

Metabolic activity was measured by the colorimetric 
resazurin test involving the reduction of resazurin into 
resorufin. For the SUM1315 cell line, this parameter 
was analysed at Day 1, Day 8 and Day 14 in spheroids 
of 50 to 10000 cells per well. Optic density (OD) of 
resorufin increased significantly for concentrations of 
50, 200, 1000 and 2000 cells per well from Day 1 (with 
0.006±0.002, 0.007±0.003, 0.051±0.008 and 0.120±0.044, 
�������'<���"� �����������'�=��$��
	�$������#�$�����"��
�$���	�$���� ��#�$���"�� �$���	�$���� ��#�$�����"� ���
�$���	�$�
����#�$�����������'<���""��&'*+����>?�@"$�&���
cell concentrations of 5000 and 10000 per well, the OD 
of resorufin remained stable after 8 days of culture, with 
OD of 0.255±0.025 and 0.306±0.027 at Day 1 compared 
to 0.275±0.024 (p=0.23) and 0.324±0.028 (p=0.73) at Day 
8, respectively.

After Day 8, the metabolic activity of SUM1315 
spheroids dropped dramatically for all cell concentrations 
to Day 14 (OD of 0.047±0.010 for 5000 cells per well) 
(Figure 2–2C).
Spheroid cell viability/mortality monitoring

SUM1315 spheroid cell viability was analyzed 
during the experiment (14 days) by fluorescence 
microscopy using Live/Dead® kit (Molecular Probes). 
Cells forming spheroids remained viable (green markings) 
with all studied concentrations (50 to 10000 cells per well) 
for the 14 days of culture (Figure 2D), with no change 
in green fluorescent probe intensity between Day 8 and 
Day 14.

All these results showed that whatever the tested cell 
concentrations in the presence of 2% Geltrex® added after 
aggregate formation, compact and homogenous spheroids 
were formed. Moreover, spheroid diameters and viability 
remained stable for 14 days with all cell concentrations. 
Nevertheless, metabolic activity in spheroids decreased 
dramatically for all cell concentrations after 8 days of 
culture.

MDA-MB-231 cell line

Extracellular matrix protein concentration

For 3D cell culture development with the MDA-
MB-231 cell line, the same Geltrex® concentrations 
and conditioning regimens were used as above. Single 
compact spheroids were detected with 2% Geltrex® added 
24h after cell seeding (data not shown).
Cell spheroid concentration determination

For this cell line, as previously, spheroid diameters 
obtained with MDA-MB-231 cell concentrations from 
50 to 10000 cells per well were measured every day 
from Day 0 to Day 14 with light microscopy using 
ToupView® Software (Figure 3A, 3B). At Day 0 for 
50, 2000 and 10000 cells per well, diameters were 
��
	�����������	������������
�	�
�����������'<���$�
In contrast, spheroid diameters decreased significantly 

Table 1: Extracellular matrix concentration determination for spheroid formation with the SUM1315 cell line

Condition of Geltrex® adding

Percentage of Geltrex in the culture 
medium After cell seeding (Day 0) 24h after cell seeding once aggregate 

formation (Day 1)

0 (control) Unique loose aggregate Unique loose aggregate

0.25 - 0.5 Unique loose aggregate Unique loose aggregate

1 - 2 Scattered spheroids Unique compact spheroid

3 - 4 - 5 - 6 Scattered spheroids Scattered spheroids

Several Geltrex® concentrations from 0.25 to 6% were used. Two conditioning regimens of Geltrex® were tested: addition 
of Geltrex® (i) in the microplates just after cell seeding (corresponding to Day 0) and (ii) 24h after cell seeding and aggregate 
formation (corresponding to Day 1).
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Figure 1: Profile of spheroid formation with the SUM1315 cell line in light microscopy. Aggregates and spheroids were 
observed by light microscopy at Day 1, using ToupView® software. Spheroid formation was considered when cells were compacted in 
a unique and opaque to light aggregate. Magnification = 100X, ��������	�
������ (A) SUM1315 loose cell aggregates, (B) scattered 
spheroids, (C) single compact spheroid.

Figure 2: Parameter determination for SUM1315 cell line spheroid formation. For SUM1315 cell line spheroid formation, 50 
to 10000 cells were seeded in 96-wells microplates (“ULA” for Ultra Low Attachment, Corning®) at Day 0 and 2% Geltrex® was added 
to the wells at Day 1. All experiments were carried out at Day 1, Day 8 and Day 14. (A) ������������	����������	�����������	�����	����
��	������Q� �=�� �'������� �!� ���=� ��=���'�� ���� ����+���� ���"� Y�� �'*=�� �'��������� �'�=� Z�+�\'��^� ��!�����$� ���� �� ����+�������
correspond to aggregate diameters. (B) ����	�����������	��������������	� ����Q� ��=���'���'������� ���"���������+�����'�=�Z�+�\'���
software® for all tested cell concentrations (log10 scale). (C) �������������������������������	���������	�����	�������: the resazurin is reduced 
'��������+!'�Y������Y��'���������'<�������$�@���������_���!������+!'��`���{�`�����"���������+�����!������=�'�+Y��'���'�=�����|�
resazurin in PBS. (D) �����������������	��������������	����������!���"���#����$��$: Green marking corresponds to calcein-AM penetration 
(viable cells). Red markings correspond to ethidium homodimer-1 cell penetration (dead cells). ��������	�
������. Graphs represent at 
least triplicate biological repeats and are displayed as mean ± SEM and *�#�$����**�#�$����***�#�$�����****�#�$��������*****�#�$�����$
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after adding Geltrex®. At Day 1, diameters were 134±23 
��� ��#�$�����"�� ���	������ ��#�$�����"� ������	���
�����#�$�����"�!�������������������������������������
respectively. Furthermore, the monitoring of MDA-
MB-231 spheroids showed a significant increase in 
diameters at Day 8 for concentrations of 50 to 2000 cells 
����������'�=����	��������#�$�����"�����
�	������
��#�$�����"���������'<���$�|����<����!�����������'���
of 5000 and 10000 cells per well, no diameter increase 
was detected under these experimental conditions (814±67 
���!�����������������������������������~�$�������
�	���
�����������
���~�$��"��&'*+��������>"$��!�����
�������
spheroid diameters continued increasing significantly for 
cell concentrations of 50 to 1000 cells per well (608±148 
���!�����������������������#�$�����"$
Metabolic activity study in 3D cell culture

Metabolic activity assessment was carried out 
for 14 days, in MDA-MB-231 spheroids seeded with 
50 to 10000 cells per well (Figure 3C). The OD of 
resorufin significantly increased over time with all cell 
concentrations after 8 days of culture. At Day 1, OD was 
0.010±0.003, 0.062±0.005 and 0.165±0.023 and increased 
��� �$��
	�$���� ��#�$�����"�� �$���	�$���� ��#�$�����"�
����$�

	�$������#�$���"����������!����������������
10000 cells per well respectively.

The metabolic activity of spheroids continued 
increasing for spheroids of 50 to 200 cells per well 
��$���	�$����!���������������#�$�����"������'������Y���
for spheroids of 1000 cells per well (0.128±0.014, p=0.11), 
and decreased significantly for spheroids of 2000, 5000 
and 10000 cells per well (0.074±0.037 for 10000 cells, 
�#�$�����������������������"$
Spheroid cell viability/mortality monitoring

MDA-MB-231 spheroid cell viability was monitored 
during the experiment (14 days) by fluorescence 
microscopy using Live/Dead® kit (Molecular Probes) 
(Figure 3D). Cells forming spheroids remained viable 
(green markings) with all studied concentrations (50 to 
10000 cells per well) for the 8 days of culture. In contrast, 
at day 14, green markings were less intense (in same 
conditions of exposure and gamma) with spheroids formed 
with 2000 to 5000 cells per well, and even absent with 
10000 cells per well.

Overall results obtained with the MDA-MB-231 
cell line also showed that whatever the tested cell 
concentrations in the presence of 2% Geltrex® added after 
aggregate formation, compact and homogenous spheroids 
were formed. Spheroid diameters increased clearly for 
concentrations of 50 to 2000 cells per well for 14 days, 
suggesting a proliferative property of the MDA-MB-231 
cell line under these experimental conditions. Moreover, 
metabolic activity in spheroids increased clearly during 
8 days of culture presenting stable viability for all cell 
concentrations. Nevertheless, for cell concentrations 

superior to 2000 per well, metabolic activity and viability 
(Live/Dead® kit) dropped after 14 days.

For further experiments, with both SUM1315 and 
MDA-MB-231 spheroid cell cultures, the conditioning 
regimen of 1000 cells per well and 2% Geltrex® were 
chosen.

Topological and ultrastructural 3D cell culture 
characterization

3D cell culture architecture of SUM1315 and MDA-
MB-231 spheroids with Scanning Electron Microscopy

Scanning Electron Microscopy (SEM) was used 
to assess the 3D structure of cells forming the spheroids. 
Both SUM1315 (Figure 4A, 4B, 4C) and MDA-MB-231 
(Figure 4D, 4E, 4F) compact and homogenous spheroids 
��='Y'������+�����=������!��Y�+����������'�=�*��+����
surfaces covered with stacked cells. These cells in clusters 
����� ��� ��� '� �'������� ��� ����� �!� �=��� ���������
rounded morphology. They are all closely juxtaposed with 
extracellular matrix (ECM) filling the empty spaces.
Ultrastructure of SUM1315 and MDA-MB-231 
spheroids with Transmission Electron Microscopy

The organization and ultrastructure of cells forming 
the spheroids were analyzed using Transmission Electron 
Microscopy (TEM) of SUM1315 (Figure 5A, 5B, 5C, 5D) 
and MDA-MB-231 (Figure 5E, 5F, 5G, 5H) spheroids. 
SUM1315 (Figure 5A) and MDA-MB-231 spheroids 
(Figure 5E) displayed adjoined cells with intact plasma 
and nuclear membranes. Cells established contact by two 
types of cell junctions: tight junctions (Figure 5C, 5G) and 
anchoring junctions (�����������	���, Figure 5D) as well 
as desmosomes (Figure 5B, 5H). Ultrastructural analysis at 
higher magnifications (M=15000 – 20000 X) revealed the 
presence of conventional organelles such as mitochondria, 
rough endoplasmic reticulum and lysosomes (Figure 5B, 5F).

2D and 3D TNBL cell culture metabolic activity 
comparison

The comparison of metabolic activity between 2D 
and 3D cell cultures (as described above) was analyzed 
with the resazurin test after 5 days of culture of SUM1315 
(Figure 6A) and MDA-MB-231 (Figure 6B) cell lines 
seeded at 1000 cells/well. SUM1315 cell metabolic 
activity in 2D cell culture was 0.098±0.005 AU and 
significantly higher than 3D cell culture with 0.053±0.008 
�����#�$�����"� �&'*+�����"$��'�'������� !��� �=��|��{
MB-231 cell line, it was 0.179±0.025 AU in 2D and 
significantly higher than 3D cell culture with 0.077±0.013 
�����#�$�����"��&'*+����>"$�Z=�������+�����=������=���
metabolic activity of cells cultured in 3D was lower than 
cells cultured in monolayer under these experimental 
conditions.
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Analysis of 2D and 3D TNBL cell culture 
sensitivity to drugs

Sensitivity of SUM1315 and MDA-MB-231 cell 
lines in 2D and 3D cell cultures (as described above) 
was studied in the presence of three conventional 
chemotherapeutic drugs i.e. cisplatin, docetaxel and 
epirubicin. A quantitative resazurin test was used after 5 
days of treatment to determine cell viability (Figures 7, 8, 
9). The percentage of cell viability was calculated by the 
ratio of the quantity of resorufin formed by treated cells 
in comparison with untreated cells. For 3D cell culture, 
spheroid diameter measurements and qualitative viability/
mortality analysis using the Live/Dead® kit were also 

performed at Day 5. In parallel, controls and solvent 
controls with DMSO 0.1% were also performed under the 
same culture conditions.

Sensitivity to cisplatin

For the SUM1315 cell line, analysis of the ratio of 
the quantity of resorufin formed in DMSO 0.1% treated 
cells in comparison with untreated control cells showed 
no impact of DMSO on cell viability, with 99±11% for 
2D cell culture (p=0.69) and 101±24% for 3D cell culture 
(p=0.61). With cisplatin, the analysis of cell viability 
in 3D and 2D cell cultures at day 5 was of 80±14% vs
���	����'�=��$����|���#�$�����"����	���vs 104±5% 
�'�=� �$�� �|� ��#�$�����"�� �
	��� vs 103±4% with 

Figure 3: Parameter determination for MDA-MB-231 cell line spheroid formation. For MDA-MB-231 cell line spheroid 
formation, 50 to 10000 cells were seeded in 96-wells microplates (“ULA” for Ultra Low Attachment, Corning®) at Day 0 and 2% Geltrex® 
was added to the wells at Day 1. All experiments were carried out at Day 1, Day 8 and Day 14. (A) ������������	����������	�����������	�
����	������	������: the diameter of each spheroid was measured by light microscopy with ToupView® software. Day 0 measures correspond 
to aggregate diameters. (B) ����	�����������	��������������	�����Q���=���'���'����������"���������+�����'�=�Z�+�\'�����!�����^�!�������
tested cell concentrations (log10 scale). (C) �������������������������������	���������	�����	�������: the resazurin is reduced into resorufin 
Y������Y��'���������'<�������$�@���������_���!������+!'��`���{�`�����"���������+�����!������=�'�+Y��'���'�=�����|������+�'�'��>�$�
(D) �����������������	��������������	����������!����"���#����$��$: Green marking corresponds to calcein-AM penetration (viable cells). 
Red markings correspond to ethidium homodimer-1 cell penetration (dead cells). ��������	�
������. Graphs represent at least triplicate 
biological repeats and are displayed as mean ± SEM and *�#�$����**�#�$����***�#�$�����****�#�$��������*****�#�$�����$
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���|���#�$�����"�������	
��vs��
	����'�=�����|�
��#�$�����"�� �������'<���� �&'*+��� ���"$� Z=���� ���+����
showed a slight decrease in 3D SUM1315 cell viability 
whatever the cisplatin concentrations. In contrast, viability 
of 2D cell cultures decreased significantly only with a high 
�'�����'���������'�������|"$

SUM1315 spheroid diameters were then measured 
with ToupView® software. The results showed similar 
�'�������� Y������ �$��� ��� �$�� �|� �'�����'� ��������
��=���'������
	��������~�$�
������
	��������~�$����

�������'<���"�������������������������	�����"��!������
days of treatment (Figure 7Ab). Nevertheless, a decrease 
in spheroid diameters was detected after treatment with 1 
�������|��'�����'�����	��������#�$�����������
	���
�����#�$��������������'<���"$��'<������^��'�������'���!�
viability and mortality of 3D cell cultures showed similar 
����� <'�Y'�'��� �!� ��=���'��� �������� �'�=� �$��� ��� ��� �|�
cisplatin to control spheroids (Figure 7Ac).

For the MDA-MB-231 cell line, analysis of the ratio 
of the quantity of resorufin formed in DMSO 0.1% treated 

Figure 4: 3D topology of SUM1315 and MDA-MB-231 spheroids by Scanning Electron Microscopy (SEM). Cells were 
seeded at 1000 cells per well with 2% Geltrex®, added at Day 1. SEM images were taken at Day 5 with Jeol 6060 LV scanning electron 
microscope. Scale bars are shown on all images. %
��$���������� SUM1315 spheroids: (A) M= 270X, (B) M=1500X, (C) M=2500X
MDA-MB-231 spheroids at (D) M=200X, (E) M=1300X, (F) M=2000X. ECM= extracellular matrix, Black arrow= cell junction
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Figure 5: Ultrastructure of SUM1315 and MDA-MB-231 spheroids by Transmission Electron Microscopy (TEM).   
Cells were seeded at 1000 cells per well with 2% Geltrex®, added at Day 1. Images were taken after 5 days of culture with 
transmission electron microscope Hitachi H-7650. Scale bars are shown on all images. %
��$���������� SUM1315 cells ultrastructure 
in 3D cell culture conditions: (A) M=3000X, (B) M=15000X, (C) M=25000X, (D) M=25000X. MDA-MB-231 cells ultrastructure in 3D 
cell culture conditions: (E) M=3000X, (F) M=20000X, (G) M=60000X, (H) M=120000X. N=nucleus, Mit=mitochondria, Lys=lysosome, 
REG= Rough Endoplasmic Reticulum, ZA=zonula adherens. Scale bars are shown on all images.

Figure 6: Metabolic activity comparison of 2D vs 3D cell cultures with resazurin test. The resazurin is reduced into resorufin by 
����Y��'���������'<�������$�Z=�����+���!������+!'�!�������=+����!�������=������Y��'�����'<'����!��=�������$�@���������_���!������+!'��`���{�
`�����"���������+�����!�����=��!�'�+Y��'���'�=������+�'�'��>�������|"�'��=�����������!����������������������������'*�!���Y��=������
lines and both culture conditions. Measures were made for both cell lines (A) SUM1315 and (B) MDA-MB-231 and all conditioning regimens 
after one day of culture. Graphs represent at least triplicate biological repeats and are displayed as mean ± SEM, *****�~��#�$�����$
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Figure 7: 2D vs 3D cell culture sensitivity to cisplatin. (A) SUM1315 and (B) MDA-MB-231 cell line sensitivity to cisplatin 
��$�����$����������|"��������������'����������������+��+������'�'����!������������!���������$�(a) �������������������"�����&"������	��
��������������������	�����	�������' viability was calculated by the ratio of OD of resorufin formed in cisplatin-treated cells to 0.1% control 
DMSO cells. (b) ����	�����������	������	�����'��='��������������������+�����'�=�Z�+�\'��^���!���������"$�(c) !����"���#�����	����
���$��$: Green marking corresponds to calcein-AM penetration (viable cells). Red markings correspond to ethidium homodimer-1 cell 
penetration (dead cells). ��������	�
������ Results are displayed as mean ± SEM where *�#�$����**�#�$����***�#�$�����****�#�$��������
*****�#�$�����$

Figure 8: 2D vs 3D cell culture sensitivity to docetaxel. (A) SUM1315 and (B) MDA-MB-231 cell lines sensibility to docetaxel 
��$�����$����������|"��������������'����������������+��+������'�'����!������������!���������$�(a) �������������������"�����&"������	��
����������� ����� ���� 	�����	��� ����' viability was calculated by the ratio of OD of resorufin on docetaxel-treated cells to 0.1% control 
DMSO cells. (b) ����	�����������	������	�����'��='��������������������+�����'�=�Z�+�\'��^���!���������"$�(c) !����"���#�����	����
���$��$: Green marking corresponds to calcein-AM penetration (viable cells). Red markings correspond to ethidium homodimer-1 cell 
penetration (dead cells). ��������	�
������ Results are displayed as mean ± SEM where *�#�$����**�#�$����***�#�$�����****�#�$��������
*****�#�$�����$
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cells in comparison with untreated control cells showed 
no impact of DMSO at this concentration, with 98±5% 
for 2D (p=0.21) and 94±7% for 3D cell culture (p=0.16). 
With cisplatin, the analysis of 3D and 2D cell viability 
after treatment showed 97±8% vs 88±5% viability after 
�$����|��'�����'���#�$��"����	���vs 91±15% for 0.1 
�|���~�$��"����	���vs���	����!������|���~�$�
"����
86±4% vs���	
��!�������|���#�$�����"���������'<����
(Figure 7Ba).

These results showed slight cisplatin toxicity with 
����|���|��{|>{�������������+��+�����������������$�
Moreover, IC50 could not be determined for either cell culture.

MDA-MB-231 spheroid diameters analysis at Day 
5, in the presence of different concentrations of cisplatin 
showed similar diameters to controls after treatment with 
�$���������|��'�����'$���<���=����������'*'!'�������������
'���=���'���'����'�=�����|�����	�����"�������������
�������� ����	��� ���� �#�$�����"� �&'*+��� �>Y"� ����
detected. In parallel, similar green markings were 
�Y���<���'���=���'������������'�=��$���������|��'�����'�
compared to controls, and lower viability was detected for 
��=���'������������'�=�����|��&'*+����>�"$

Sensitivity to docetaxel

For the SUM1315 cell line, the analysis of the ratio 
of the quantity of resorufin formed in DMSO 0.1% treated 
cells in comparison with untreated control cells showed no 

toxicity of DMSO at this concentration, with 102±% for 
2D (p=0.27) and 98±14% for 3D cell cultures (p=0.73).

SUM1315 cell line sensitivity to docetaxel was 
assessed under the same culture conditions (Figure 
8A). 3D and 2D cell culture viability was 89±9.0% vs
��	
���'�=��$����|�������������#�$�����"����	���vs

�	�$���!����$���|���#�$������"����	����vs 50±4% 
!������|���#�$�����"������	�$���vs���	
��!�������|�
��#�$�����"�� �������'<���� �&'*+��� ���"$� Z=���� ���+����
showed that sensitivity of the SUM1315 2D cell line to 
docetaxel remained relatively stable during the experiment 
in the presence of increasing concentrations of the drug, 
with the IC50 value never reached. The same results were 
observed for the SUM1315 3D cell line. Nevertheless, as 
with cisplatin, SUM1315 3D cell culture was less sensitive 
��������������=���=�����������+��+�����#�$������!�������
tested concentrations).

SUM1315 spheroid diameters remained stable in 
the presence of increasing concentrations of docetaxel 
����	��� ���� ���	��� ���� ���	�� ���� ���	��� ��� !���
�������'<�����$�����$����������|������������������������
�����������	������&'*+�����Y"$��'<������^��'�������'��
of viability and mortality of 3D cell cultures showed 
similar cell viability of treated spheroids to controls for 
all docetaxel concentrations (Figure 8Ac). These results 
correlated with the high viability rates observed with the 
resazurin test for 3D cell culture.

Figure 9: 2D vs 3D cell culture sensitivity to epirubicin. (A) SUM1315 and (B) MDA-MB-231 cell line sensitivity to epirubicin 
��$�����$����������|"��������������'����������������+��+������'�'����!������������!���������$�(a) �������������������"�����&"������	��
����������� ����� ���� 	�����	��� ����' viability was calculated by the ratio of OD of resorufin in epirubicin-treated cells to 0.1% control 
DMSO cells. (b) ����	�����������	������	�����'��='��������������������+�����'�=�Z�+�\'��^���!���������"$�(c) !����"���#�����	����
���$��$: Green marking corresponds to calcein-AM penetration (viable cells). Red markings correspond to ethidium homodimer-1 cell 
penetration (dead cells). ��������	�
������ Results are displayed as mean ± SEM where *�#�$����**�#�$����***�#�$�����****�#�$��������
*****�#�$�����$
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For the MDA-MB-231 cell line, the analysis of the 
ratio of the quantity of resorufin formed in DMSO 0.1% 
treated cells in comparison with untreated control cells 
showed no toxicity of DMSO at this concentration, with 
97±15% for 2D (p=0.65) and 98±19% for 3D cell culture 
(p=0.80).

With docetaxel, 3D vs 2D cell culture viability 
was 78±9% vs��
	����!����$����|���#�$��"����	����
vs� ��	��� !��� �$�� �|� ��#�$��"�� ��	��� vs 33±5% for 
�� �|� ��#�$�����"�� ��� ��	��� vs� ��	��� !��� ��� �|�
��#�$�����"���������'<�����&'*+����>�"$�|��{|>{����
3D cell culture was again less sensitive than 2D cell 
culture with IC50� <��+��� �!� �$�	�$��
� �|� !��� ��� ���
�+���'����������|�!������������+��+������������'��������
> 58 fold.

After docetaxel treatment, MDA-MB-231 spheroid 
diameters decreased significantly to a plateau with all 
������� ��������'��� ����	��� ��� �'�=� �$��� �|� ���
���	�
� ��� �'�=� ��� �|"� '� ������'��� �'�=� ��������
�����	�

� ���� �#�$�����"�&'*+��� �>Y"$� �'<������^�
kit analysis showed that MDA-MB-231 spheroid 
viability remained stable in the presence of increasing 
concentrations of docetaxel (Figure 8Bc).
Sensitivity to epirubicin

SUM1315 3D and 2D cell culture viability after 
epirubicin treatment was 98±12% vs���	���!����$����|�
��#�$���"����	����vs���	���!����$���|���#�$�����"��
46±4% vs���	���!������|���#�$�����"����
�	
��vs 
�
	���!�������|���#�$�����"���������'<�����&'*+������"$�
IC50 values of 2D and 3D cell culture were 0.1±0.004 
�|� �*�'��� �$�	�$�� �|�� �������'<���$� Z=���� ���+����
showed that 3D cell culture was 140 fold less sensitive to 
epirubicin than 2D monolayer cell culture.

SUM1315 spheroid diameters remained stable 
'��=�����������!��$�����$��������|���'�+Y'�'�����	
�
�������	�����������	������ �������'<���"����������
��������������
	����"��&'*+�����Y"$�����<������=���'��
�'�������� ���������� �'*'!'������ �
�	�� ���� �#�$���"�
�'�=� ��� �|� �!� �=�� ��+*$� �'<������^� �'�� �����'��
confirmed that SUM1315 spheroids treated with 0.01 
��� �$�� �|� �=����� �=�� ����� <'�Y'�'��� ��� �������$� ��
�����������=���'������������'�=����|���'�+Y'�'����������
a necrotic core (yellow markings), and were dead with 10 
�|����������'*�"��&'*+������"$

For the MDA-MB-231 cell line, 3D and 2D cell 
culture viability was 94±11% vs����	�
��!����$����|�
epirubicin (p=0.29), 86±8% vs� �
	���� !��� �$�� �|�
(p=0.19), 41±5% vs���	���!������|���#�$��"������	���
vs���	���!�������|���#�$�����"���������'<�����&'*+���
9Ba). IC50�<��+���������$�	�$�����|�!����������$�	�$��
�|�!������������+��+��$�Z=�������+�����=������=���|��{
MB-231 3D cell culture was as sensitive to epirubicin as 
2D cell culture.

MDA-MB-231 spheroid diameters decreased 
significantly in a dose-dependent manner, in the presence of 

'�����'*���������'����!���'�+Y'�'Q����	���������#�$��"��
���	��� ��� ��#�$�����"� ��� ���	���� ��� ��#�$�����"�
!��� �$���� �$�� ��� �� �|� ��'�+Y'�'�� �������'<����� �*�'���
����	���� ��� !��� +�������� ��=���'��� �&'*+��� �>Y"$� �'�=�
����|���'�+Y'�'����=���'�����������������$��'<��������'��
analysis of viability and mortality showed that for epirubicin 
��������'����!��$���������|����=���'��<'�Y'�'�������'���
stable (Figure 9Bc). In contrast, remaining spheroids treated 
�'�=�����|���='Y'������������'�����!��'!!+��������������
cells (Figure 9Bc).

DISCUSSION

To optimize in vitro assays for the evaluation of 
drug sensitivity in TNBL breast cancer cell lines, we 
have conducted different studies to develop optimal 
3D cell cultures from SUM1315 and MDA-MB-231 
cell lines, with the “liquid overlay” technique (“Ultra-
Low-Attachment” microplates, Corning®). Indeed, this 
technique presents several benefits, such as a single-per-
well spheroid formation, generated naturally by gravity. 
Futhermore, this method has been validated for a large 
number of cancer cell lines [18, 19]. The works allowed 
for determination of optimal culture conditions, metabolic 
activity, morphology and ultrastructure of cells within the 
spheroids. After model developing, the impact of several 
anticancer agents was studied on both 3D cell cultures in 
comparison to 2D cell cultures sensitivity.

For the development of 3D compact cell mass 
cultures with SUM1315 and MDA-MB-231 cell 
lines, the need for an extracellular matrix was first 
investigated. For this, Geltrex™ LDEV-Free (Reduced 
Growth Factor Basement Membrane Matrix, GIBCO®) 
was used as a specific mixture matrix as it contains 
mainly laminin, collagen IV, entactin and heparin 
sulfate proteoglycan. With both cell lines, the 2% 
Geltrex® concentration resulted in the formation of a 
single compact spheroid per well, with a 3.6±0.3 fold 
cell compaction for SUM1315 cell line and a 2.1±0.4 
fold compaction for the MDA-MB-231 cell line, 
whatever cell density. Indeed, some cell lines require 
specific components mimicking the extracellular 
matrix (ECM) such as laminin or collagen IV, in their 
culture medium. These components are responsible for 
the cell/extracellular matrix connections, and are able 
to generate an environment leading to the formation 
of intercellular connections [10, 15, 20]. Moreover, 
the Triple-Negative Basal-Like SUM1315 and MDA-
MB-231 cell lines express low protein intercellular 
junctions such as E-cadherin, which limit the ability of 
cells to organize themselves spontaneously into compact 
spheroids [19–22]. Similar Geltrex® concentrations and 
conditioning regimens were required to form spheroids 
with MDA-MB-231 in the literature [11, 15].

Cell density for compact and homogenous spheroid 
formation was then assessed with both cell lines under 
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the same experimental conditions as described above. 
Overall results showed different spheroid diameter 
evolutions according to TNBL cell line, under the same 
experimental conditions. Indeed, SUM1315 spheroids 
did not evolve over time in comparison to MDA-MB-231 
spheroids which had expanded. This could be explained 
by a proliferative capacity of the MDA-MB-231 cell line 
under these experimental conditions in comparison to the 
SUM1315 cell line that may exhibit a “stem-cell like” 
phenotype with slowed down proliferation rate [23]. In 
3D culture models, cells forming spheroids may or may 
not proliferate according to cell type and the extracellular 
matrix environment [24, 25]. Nevertheless, in both TNBL 
3D cell cultures, spheroid diameters did not exceed 
����������='�=���+���Y�������'���Y���=��!�����=����=��
spheroids had reached their growth plateau [19].

The metabolic activity of 3D-non-proliferative 
SUM1315 and 3D-proliferative MDA-MB-231 spheroids 
was then measured at day 1, day 8 and day 14 using the 
colorimetric resazurin test. This test is safe for cells, easily 
penetrates spheroids and has already been validated for a 
large number of 3D cell culture models [26, 27]. Overall 
results showed that SUM1315 spheroids exhibited 
metabolic activity only until 8 days of culture, whatever 
the cell density, whereas MDA-MB-231 spheroids 
exhibited metabolic activity until 14 days of culture with 
low cell concentrations. The decrease in metabolic activity 
and/or cell viability with LiveDead® Kit, detected in the 
presence of high cell concentrations and/or long-term 
incubation conditions, may be caused by the formation of 
necrotic or quiescent areas in spheroids, already described 
in other 3D models [19].

Optimal 3D cell culture conditions with both 
non-proliferative SUM1315 and proliferative MDA-
MB-231 cell lines required adding 2% Geltrex® after 
aggregate formation in “ULA microplates” (Corning®) 
in the presence of 1000 cells per well. This conditioning 
regimen of 3D culture was used to analyze the topology 
of spheroids with both cell lines by first Scanning 
Electron Microscopy (SEM). SEM observations showed 
the homogenous three-dimensional topology of these 
masses with tightly packed cells at the surface, covered 
with extracellular matrix. Then, Transmission Electron 
Microscopy (TEM) observations of “in-depth” spheroid 
profiles demonstrated that both cell lines resulted in the 
formation of compact and organized aggregates. Indeed, 
these spheroids exhibited round shapes with juxtaposed 
cells presenting intact membranes, intracellular organelles 
and intercellular junctions [27].

For 3D cell culture development, it was necessary 
to compare spheroids metabolic activity to 2D monolayer 
cultures. For both cell lines under the same experimental 
conditions, metabolic activity of 2D cell culture was 
significantly higher than that of 3D cell culture, probably 
due to cellular heterogeneity in spheroids also described 
in literature [14, 27]. Moreover, the comparison of 

metabolic activity between both cell lines in 2D or 3D cell 
cultures showed systematic lower activity of SUM1315 
than MDA-MB-231 cell line, probably correlated to their 
respective non-proliferative/proliferative profiles.

All these results showed the development of two 
TNBL 3D cell culture models using the “liquid overlay” 
technique that allowed the formation of single-per-well 
spheroids with quick and easy handling, presenting 
homogenous shapes with high reproducibility. These 
two 3D non-proliferative and proliferative models were 
then used to study anticancer agents effectiveness in 
comparison to 2D cell culture.

For these experiments, three drugs used in 
treatment protocols for BLTN breast cancers, alone 
or in combination, such as cisplatin, docetaxel and 
epirubicin were chosen [28]. Quantitative viability tests, 
spheroid diameter and Live/Dead® viability tests were 
performed. Overall results showed that with both non-
proliferative SUM1315 and proliferative MDA-MB-231 
TNBL cell lines, sensitivity profiles of 3D and 2D cell 
cultures seemed to be cell line- and drug-dependent. 
Indeed, cisplatin (platinum salt) is a cell cycle-dependent 
alkylating agent which creates inter and intrastrand DNA 
links, inducing serious DNA double-strand damage 
after the replication fork. Hence, this class of drug is 
promoted for BLTN tumors in combination with other 
chemotherapy agents [28]. Similarly, docetaxel is an 
antimitotic agent from the taxane family which stops 
cell mitosis division in proliferating tumoral cells. It has 
shown to be of interest for TNBL tumor treatment when 
used in combination with anti-angiogenic agents [28]. 
In our experimental conditions, cisplatin and docetaxel 
effectiveness analysis showed cytostatic activity only on 
proliferative MDA-MB-231 cell line whereas only a slight 
toxicity was detected on non-proliferative SUM1315 cell 
line model. These results suggest that proliferative-3D-
cell-culture models represent a great tool for antimitotic 
drugs evaluation.

Epirubicin is known to be more effective on triple-
negative breast tumors [28]. This drug is a very powerful 
non cell-cycle dependent DNA intercalating agent from 
the anthracycline family. With epirubicin, cytotoxicity 
tests profiles with both cell lines were different. Indeed, 
this drug showed a dose-dependent cytotoxic activity, 
whatever cell culture conditioning regimens. Nevertheless, 
3D cell culture remained less sensitive to epirubicin 
than 2D cell culture. These data suggest that the non-
proliferative and proliferative-3D-cell-culture models may 
be adapted to the evaluation of conventional cytotoxic 
drugs.

All these results demonstrated firstly a difference 
in response between 2D and 3D cell culture models for 
the two TNBL cell lines. Indeed, a systematic lowered 
sensitivity was detected for 3D cell culture compared 
to monolayer cell culture probably due to 3D cellular 
heterogeneity and/or resistance phenotypes. This 
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reproduces partly tumor response in vivo [27]. More, 
according to drug’s mechanism of action, i.e. cytotoxic or 
cytostatic, the choice of a proliferative or non-proliferative 
3D model seem to be decisive for drug efficacy’s 
prediction. These observations underline the added value 
of using 3D cell culture as a tool to explore sensitivity 
and resistance to chemotherapeutics, among the arsenal of 
models currently used in preclinical studies.

MATERIALS AND METHODS

2D cell culture

BLTN cell lines SUM1315 and MDA-MB-231 were 
obtained from Asterand. SUM1315 cells were seeded at 25 
000 cells per mL in 75 cm2 culture dish (Falcon®) at 37°C 
under 5% CO2, in 15 mL Ham’s F12 medium (Gibco®) 
supplemented with 5% decomplemented fetal calf 
serum, 10 mM HEPES* buffer, 20 mg/mL gentamycin, 
��� *���� ��&� ��� 
� �*���� �!� '�+�'�� ������'*� ���
the supplier’s instructions [29, 30]. The MDA-MB-231 
cell line was seeded at 25 000 cells per mL in 75 cm2 
culture dish (Falcon ®) at 37°C under 5% CO2, in 15 
mL RPMI 1640 medium (Gibco®) supplemented with 
10% decomplemented fetal calf serum and 20 mg/mL 
gentamycin, according to the supplier’s instructions [29, 
30].

Cells having reached confluence were washed 
with Phosphate Buffer Saline (PBS, 1X, Sigma®) and 
trypsinized (Trypsin 1X, Sigma®) for 5 min at 37°C. Cells 
were taken up in 12 mL of culture medium and centrifuged 
for 10 minutes at 250 G. The pellet was taken up in 5 mL 
of culture medium and 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.

Liquid overlay 3D cell culture

Cells were seeded in “Ultra-Low-Attachment” round 
bottom microplates (Corning®) in order to prevent cellular 
adhesion to the support. After 24h of incubation, Geltrex® 
was deposited on aggregated cells, and microplates were 
agitated on a microplate shaker at 185 rpm for 20 min. 
Spheroid formation and diameter measurements were 
assessed with a light microscope (CFM-BDS-200 Realux 
Cofemo) associated with a camera (Industrial Digital 
Camera, UCMOS05100KPA) and ToupView® software.

Metabolism activity assessment using the 
resazurin test

The resazurin test is a colorimetric assay for 
cell viability that involves the reduction of resazurin to 
resorufin by the metabolically active mitochondria of 

cells. Resorufin is a fluorescent compound that exhibits 
a pink colouring. After a time of incubation, the amount 
of resorufin formed is directly proportional to the number 
of metabolically active cells. Cells cultured in 2D or 3D 
treated with the drugs for 5 days at 37°C were washed 
with PBS*� ��� '�+Y����� �'�=� ��� �|� �!� �����+�'�
solubilized in PBS. Optical densities were measured at 
570 and 620 nm after 6 to 15 hours of incubation. The 
amount of reduced compound (resorufin) corresponding to 
the number of active cells per well was calculated for each 
condition. The survival rate was determined considering 
the ratio (OD570-620nm treated well/OD570-620nm untreated 
control) x 100. The half maximal inhibitory concentration 
(IC50) was calculated with the following formula: IC50 = 
EXP (LN (concentration > 50% inhibition) - ((signal > 
50% inhibition - 50) / (signal > 50% inhibition - signal 
#�����'='Y'�'�"�* LN (concentration >50% inhibition / 
��������'��#����'='Y'�'�"""$

Imaging of 3D cell culture with the Live/Dead® 
kit

The Live/Dead® kit (Viability/Cytotoxicity kit, 
Molecular ProbesTM) is composed of two fluorochromes, 
the calcein-AM (green fluorescence) which is retained in 
viable cells and the ethidium homodimer-1 (ethD1, red 
fluorescence) which penetrates and binds to DNA of cells 
in phase of apoptosis or necrosis. The two probes were 
diluted in phosphate saline buffer to final concentrations 
of 4 mM for Calcein-AM and 2 mM for ethD-1. After 
several washings in Phosphate Buffer Saline (PBS), 
��=���'��� ����� '�+Y����� �'�=� ���� ��� �!� �=�� @����'{
AM/EthD-1 solution for at least 45 min., protected from 
light. Observations were made with an epifluorescence 
microscope (Leica DMI 3000B, FITC canal) associated 
with CCD camera and Leica® Software.

Scanning electron microscopy

Scanning Electron Microscopy (SEM) assessed 
organization of cell components of the spheroids. 
Spheroids were washed with 0.2 M sodium cacodylate 
buffer pH 7.4 and fixed in 1.6% glutaraldehyde in 
cacodylate buffer overnight at 4°C. They were then rinsed 
in the same buffer and post-fixed for 1h with osmic acid 
in cacodylate buffer at ambient temperature. For spheroid 
visualization, a solution of 0.15% ruthenium red in water 
was added to the washes and fixative solutions. Fixed 
spheroids were then progressively dehydrated using a 
graded ethanol series (10 min. each in 25%, 50%, 70%, 
95%, 100% ethanol) and hexamethyldisilazane (3x10 
min.). After drying, the samples were mounted on stubs 
using adhesive carbon tabs and sputter-coated with gold-
palladium (JFC-1300, Jeol). Spheroids were observed with 
a scanning electron microscope Jeol 6060-LV at 5 kV in 
high-vacuum mode.
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Transmission electron microscopy

Transmission Electron Microscopy (TEM) achieved 
ultrastructural observations of spheroids. Spheroids were 
washed in 0.2M sodium cacodylate buffer (pH7.4), fixed 
in 1.6% glutaraldehyde for 24 hours at 4°C. Specimens 
were then washed three times (10 min.) in Na cacodylate 
buffer, post fixed 1h with 1% osmium tetroxide in 
Na cacodylate buffer and washed three times in Na 
cacodylate buffer. In order to visualize the spheroids, a 
solution of 0.15% ruthenium red in water was added to 
the buffer and fixative solutions. Fixed spheroids were 
then progressively dehydrated in ethanol (70%, 95%, 
100%) and acetone. Subsequently, they were infiltrated 
with acetone and EPON resin mixture (2:1, 1:1, 1:2 for 
1h). Specimens were embedded in resin EPON overnight 
at room temperature, and cured 2 days at 60°C. Thin 
sections (70 nm) were cut using a UC6 ultramicrotome 
(Leica) and stained with uranyl acetate and Pb citrate. 
Carbon was evaporated using CE6500 unit. Observation 
of the ultrastructural organization of cells within the 
spheroids was then conducted with a transmission electron 
microscope (Hitachi H-7650) at 80 kV acceleration 
voltage. Micrographs were made using a Hamamatsu 
AMT camera placed in a side position.

Drug solubilization and cell exposure

Docetaxel, cisplatin and epirubicin were prepared at a 
stock solution of 10 mM. Cisplatin and docetaxel were not 
soluble in water. These were solubilized in dimethylsulfoxide 
(DMSO) and the final concentration in each cell culture well 
was always of 0.1%. Epirubicin was solubilized in distilled 
water. For all drug treatment experiments, cells cultured in 
2D and 3D condition were seeded at a concentration of 1000 
cells per well for both cell lines. Cells were then exposed 
to the drugs 24h after seeding for 2D cell culture (phase of 
exponential growth) and 24h after Geltrex® adding for 3D 
cell culture. After five days of incubation, cell viability was 
then assessed for each condition with the resazurin test. For 
3D cell culture, spheroid diameter measurements and Live/
Dead® viability/mortality tests were also performed at the 
end of each treatment.

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 
��<����!��'*'!'����������#�$����*"���#�$����**"���#�$�����***), 
�#�$������****"�����#���������*****).
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ABSTRACT  
 

Triple Negative breast cancers are particularly aggressive and of poor prognosis. In 

vitro cultures are one of the major pathways for developing anticancer strategies and screening 

targeted therapies. The effectiveness and reproducibility of drug screenings depend largely on 

the composition and homogeneity of culture media. In order to optimize the predictive 

responses of triple negative breast cancer 3D cell culture models, these works were focused 

on the study of SUM1315 and MDA-MB-231 cell lines response in OptiPASS medium, a new 

serum-free formulation (BIOPASS). In monolayer cell culture condition, cell adherence, 

proliferation, viability and phenotype were maintained in OptiPASS medium, for MDA-MB-231 

cell line. For SUM1315 cell line, these parameters were less efficient due to the lack of cellular 

adhesion, but led to satisfying proliferation rates, allowing the production of spheroids. For 3D 

cell cultures produced in OptiPASS, spheroid size monitoring showed a 1.3 and 1.5-fold 

increase for MDA-MB-231 and SUM1315 cell lines, respectively. Viability and mortality profiles 

were also maintained in OptiPASS. Moreover, drug sensitivity thresholds were improved in 3D 

cell cultures allowing the realization of quicker high throughput drug screenings. All these 

experiments showed that OptiPASS is suitable for 2D and 3D cell cultures of these two Triple-
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Negative breast cancer cell lines, with a reproducibility of spheroid formation superior to 98%. 

That opens the way to the common use of this synthetic medium in future preclinical breast 

cancer research studies. 

 

Keywords: Synthetic medium OptiPASS, Triple Negative Breast Cancer cell lines, spheroid, 

proliferative 3D cell culture, drug screening. 

 
INTRODUCTION 

 

Triple-Negative Breast Cancers (TNBC) are particularly aggressive and of poor 

prognosis 1,2. It is a heterogeneous and complex pathology, characterized by the non-

expression of estrogen receptors (ER) and progesterone receptors (PR), and the absence of 

Epidermal Growth Factor Receptor-2 (HER2) over-expression or ERBB-2 amplification 3,4. 

Recently, five molecular subtypes of TNBC tumours have been described by Lehmann5 which 

are (i) basal-1, (ii) basal-2, (iii) mesenchymal-like, (iv) androgen-receptor and (v) 

immunomodulatory. Currently, therapies specifically targeting the characteristics of these 

tumors are under development in preclinical and clinical studies 6,7. In order to model the 
effectiveness of these targeted therapies, laboratories performing preclinical studies use in 

vitro cell culture techniques. This methodology allows the reproduction of cell physiological 

conditions. As a result, it must respect certain parameters essential to cell survival such as pH, 

temperature, osmolarity and oxygen supply. In order to control these parameters, specific 

culture media have therefore been developed, allowing cell survival and proliferation 8. The 

culture medium is one of the key factors of in vitro modelling. Thus, there are different 

categories of culture media, with common characteristics and variants, depending on the type 

of cells studied 9. The majority of the cell culture media are supplemented with fetal calf serum 

(FCS), which is a supplement of animal origin. It is required for culture of mammalian cells as 

it provides multiple elements essential to initial adhesion, growth, metabolism and proliferation 
of cells in the culture 8. Its composition is complex because of its biological origin, but its main 

constituents are growth factors such as insulin, transport proteins such as albumin, attachment 

factors promoting cell adhesion such as fibronectin, and amino acids. It also contains vitamins 

such as vitamin B, some essential minerals, lipids, fatty acids and protease inhibitors, which 

possess an action against proteolytic enzymes such as trypsin. FCS also acts as a buffer to 

maintain pH and protects the cells from shocks, thanks to its viscosity 10. Despite its many 

advantages, the use of the FCS presents several drawbacks. Indeed, like any compound of 

biological origin, its general composition is not controllable, resulting in a variability between 

batches. This variability requires the systematic control of batches’ quality in terms of cell 
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growth performance and the absence of contaminants (mycoplasma, viruses, etc.) or growth 

inhibitors. Furthermore, the biological origin of this reagent poses ethical issues, particularly 

with regard to animal protection and suffering, as well as problems of stock depletion leading 

to shortages 11. Thus, the contribution of the FCS to culture media seems necessary, but also 

controversial. For these reasons, the common use of serum-free synthetic media would 

enhance the homogeneity of experiments by increasing the level of standardization, thus 

improving the quality of cell modelling worldwide 12. This discipline is using more and more 
three-dimensional (3D) cell culture models, as they reproduce more precisely the tumor 

microenvironment. Indeed, 3D cell cultures produced by liquid overlay or scaffold techniques, 

allow the formation of pseudo-microtissues also called spheroids or organoids 13,14. These 

structures are able to produce their own cell-to-cell and cell-to-matrix interactions, leading to 

interesting genetical, biochemical and phenotypical gradients. These methods are long to 

develop, but extremely advantageous, especially for Oncology preclinical modeling. The 

mastering of their reproducibility in terms of growth characteristics is essential for efficient drug 

screening and efficacy prediction 14–17.  

 
 For these research works, two liquid-overlay 3D cell culture types already developed 

by our team for drug screening (i) the proliferative MDA-MB-231 spheroid model and (ii) the 

non-proliferative SUM1315 spheroid model were used. This modeling highlighted that the 

choice of a proliferative or non-proliferative 3D model seems to be decisive for drug efficacy’s 

prediction, according to drug’s mechanism of action, i.e. cytotoxic or cytostatic18. In this 

context, to optimize the predictive responses of these both 3D cell culture models to several 

chemotherapeutics, these works were focused on the study of SUM1315 and MDA-MB-231 

cell lines response in a new synthetic serum-free medium, OptiPASS (BIOPASS). For this, 

several cell parameters such as morphology, metabolic activity, viability/mortality and 

sensitivity to anticancer drug were analyzed in 2D or 3D cell culture conditions with OptiPASS 

medium and with their reference-serum-supplemented media. 
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RESULTS 
 

1. Monolayer (2D) culture development of TNBC cell lines with 
OptiPASS medium 

 

In this study, the performances of the serum-free medium OptiPASS were first 

determined in 2D cell culture on two TNBC cell lines, MDA-MB-231 and SUM1315. For this, 
cells were cultured with their reference medium (containing 5 to 10% of FCS, according to cell 

line) or OptiPASS medium (coated with 2% Geltrex), until confluence. In order to characterize 

cell behavior, several parameters such as (i) cell adherence, (ii) cell proliferation, (iii) cell 

metabolic activity and (iv) cell morphology were analyzed in both cell culture media. Moreover, 

the mesenchymal phenotype status of both cell lines was also determined in each culture 

medium by a vimentin immunostaining (Fig 1). 

 

For MDA-MB-231 cell line, the cell proliferation rate was first studied in both culture 

media by a cell counting experiment using the Cytation3MV plate reader. For this, the ratio of 
adherent cells at day X on adherent cells at day 1 (one day after seeding) was calculated (Fig 

1Aa). The proliferation level increased from 1.7±0.1 and 1.7±0.1 at day 3 (p=0.71, two-sided 

student’s t-test), to 3.4±0.8 and 3.0±0.2 at day 7 (p=0.05) for reference medium and OptiPASS 

medium, respectively. The cell proliferation time course seemed to be similar in reference and 

OptiPASS medium. Parallely, cell metabolic activity was monitored for the 7 days of culture by 

the resazurin test. It was 0.181±0.039 and 0.084±0.006 at day 3 (p=0.0005) and increased to 

0.335±0.078 and 0.366±0.056 at day 7 (p=0.40), for reference and OptiPASS medium, 

respectively (Fig. 1Ab). Then, the cell repartition profiles (either adherent to the support, 

floating in the supernatant or dead in the supernatant) were analyzed for both cell culture 
conditions with a blue trypan exclusion test at confluence (at day 7) for reference and 

OptiPASS medium (Fig 1Ac). The proportions of MDA-MB-231 cells attached to the support in 

reference and OptiPASS medium were similar with 78±8% and 74±11% (p=0.64), respectively. 

Furthermore, the proportions of floating-living cells in reference medium were not significantly 

different to OptiPASS medium. Indeed, it was of 15±9% in reference medium and of 8±5% 

(p=0.30) in OptiPASS medium. Finally, the rate of dead cells in reference medium was of 7±3% 

at confluence and similar to OptiPASS with 18±11% (p=0.20). These results showed that the 

proportions of “adherent”, “floating” and “dead” cells in OptiPASS medium were similar to 

reference medium. Thus, the morphology of the cellular carpet observed in digital phase 

contrast for the seven days of culture showed no difference between cells cultured in 
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OptiPASS medium compared to reference medium (Fig 1Ad). Finally, vimentin 

immunostainings analysis carried out on MDA-MB-231 cell line (Fig 1Ae) showed the constant 

expression of the mesenchymal marker in cells cultured with both culture media. These results 

demonstrated that for all analyzed parameters ie, cell proliferation rates, cell metabolic activity 

and the proportion of attached cells/floating/dead cells, similar cell culture performances were 

detected for OptiPASS and reference media, with MDA-MB-231 cell line. 

 
For SUM1315 cell line, the cell proliferation analysis showed growth rates of 1.9±0.2 at 

day 3, 3.3±0.4 at day 7 in reference medium and of 1.2±0.1 at day 3 (p=10-6 compared to 

reference) and 1.9±0.3 at day 7 (p=10-12 compared to reference), in OptiPASS medium (Fig 

1Ba), respectively. Similarly, the cell metabolic activity was determined in the same 

experimental conditions and was of 0.217±0.016 in reference medium and 0.057±0.004 in 

OptiPASS medium (p=10-9) at day 3. Then, it increased at day 7 for both cell culture media 

with 0.148±0.019 and 0.067±0.014 (p=10-6), for reference and OptiPASS, respectively (Fig 

1Bb). Then, the proportion of adherent cells, living-floating cells and dead-floating cells was 

analyzed in each cell culture medium at confluence (Fig 1Bc). The proportion of adherent cells 
in reference medium was of 66±12%. In contrast, with OptiPASS medium, it was lower with 

22±14% (p=0.01 compared to reference) (Fig 1Bc).  Conversely, the rate of floating-living cells 

remained lower in reference medium with 25±10% compared to 74±15% in OptiPASS (p=0.01) 

(Fig 1Bd). Interestingly, no significant difference in the rate of dead cells was detected between 

reference and OptiPASS medium with 9±7% and 4±1% (p=0.37), respectively (Fig 1Bc). Then, 

the observations of cell morphology in digital phase contrast (Fig 1Bd) showed a majority of 

homogeneously spread and attached cells in reference medium. In contrast, a cluster of round-

detached cells in the middle of the wells was detected with OptiPASS medium. Nevertheless, 

the immunostaining experiment confirmed the expression of the vimentin marker with both cell 

culture conditions (Fig 1Be), demonstrating that SUM1315 cells cultured in OptiPASS medium 

had kept their mesenchymal phenotype. For SUM1315 cell line, all studied parameters showed 

a greater performance in terms of cell proliferation and cell metabolic activity with reference 

medium compared to OptiPASS medium. More, similar cell repartition profiles were detected 

by the time (from seeding to confluence), for each culture medium. However, the cellular 

behavior of SUM1315 cell line was different in OptiPASS medium. Indeed, in this latter, a 

higher proportion of living-floating cells was detected suggesting that despite the weak 

attachment of cells in this medium, they remained alive over time. Similarly, the cell 

proliferation rate of adherent cells remained positive ie. superior to 1 and the mesenchymal 

phenotype of cells was clearly maintained in OptiPASS medium. 
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2. Three-dimensional (3D) cell culture of TNBC cell lines with 
OptiPASS medium 

 

2.1. Spheroid development in OptiPASS medium 
 

OptiPASS medium performances were then compared to reference medium for the 

development of 3D cell cultures with MDA-MB-231 and SUM1315 Triple-Negative breast 

cancer cell lines. For these experiments, cell lines previously cultured in monolayer with 
reference or OptiPASS medium were harvested and cultured in 3D condition according to 

Dubois et al. (2017) with their respective destination medium. In these cell culture conditions, 

spheroid size monitoring was analyzed for 14 days of culture with Cytation3MV plate reader 

(BIOTEK). Parallely, spheroid viability was assessed with Live/Dead fluorescent markings at 

day 7 and day 14. 
 

For MDA-MB-231 cell line, the mean spheroid sizes were of 339±85 μm and 422±102 

μm at day 2 (p=0.0002) and increased to 856±117 μm and 1137±120 μm (p=10-17) at day 8 for 

reference and OptiPASS medium, respectively (Fig 2Aa). Then, spheroid diameter reached a 
growth plateau at day 14 with 1011±73 μm and 1183±80 μm at day 14 (p=10-13), for reference 

and OptiPASS medium, respectively (Fig 2Aa). With this cell line, the mean spheroid sizes 

with OptiPASS medium always remained superior to reference medium. Then, spheroid 

viability was assessed with Live/Dead kit (Molecular probes), marking viable cells in green 

(Calcein-AM penetration) and dead cells in red (ethidium homodimer-1 penetration). For both 

cell culture conditions at day 7, spheroids exhibited a majority of green markings (Fig 2aB). 

Then, at day 14, a core of dead cells (red markings), surrounded with a proliferative cell ring 

(green markings of viable cells) was detected. Parallely, spheroid topology and level of 

compaction remained constant throughout the experiment, whatever the cell culture condition 
(Fig2Ab). These results demonstrated same spheroid viability/mortality profiles between 

reference medium and OptiPASS medium, for MDA-MB-231 cell line. 

 

Similarly, for SUM1315 cell line, the mean spheroid sizes at day 2 were of 292±21 μm 

and 319±34 μm (p=0.02) and increased to 476±51 μm and 711±77 μm at day 8 (p=10-35) and 

to 585±82 μm and 961±81 μm at day 14 (p=10-44) in reference and OptiPASS medium, 

respectively (Fig2Ba). Then, for both cell culture conditions, Live/Dead fluorescent analysis 

showed similar spheroid green markings (viable cells) after 7 days of culture (Fig 2Bb). This 

profile then changed after 14 days, with the presence of a visible dead core in spheroids (red 

markings) surrounded with viable cells, for reference and OptiPASS medium conditions (Fig 
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2Bb). Furthermore, same spheroid compaction and topology was found in SUM1315 spheroids 

cultured in OptiPASS medium compared to reference medium. As previously, spheroids 

formed with OptiPASS medium clearly presented sizes superior to reference medium 

conditions. More, similar viability/mortality profiles were also detected between spheroids 

cultured in OptiPASS compared to reference. 

 

2.2. Spheroid sensitivity to drugs in OptiPASS medium 
 

Then, spheroid sensitivity to the anticancer agent epirubicin was studied in OptiPASS 

medium in comparison to reference medium. For this, spheroids of MDA-MB-231 and 

SUM1315 cell lines were treated with 1 μM epirubicin for 5 days. First, the evolution of spheroid 

size was monitored for the 5 days of treatment (Fig 3Aa). Then, resazurin viability test (Fig 

3Ab) and Live/Dead fluorescent analysis (Fig 3Ac) were performed at the end of the treatment 

on the 1 μM epirubicin-treated spheroids in comparison with control spheroids. 

 

In reference medium, MDA-MB-231 spheroid size increased from 330±16 μm (at day 

0) to 659±11 μm (at day 5, p=10-12). After treatment with 1 μM epirubicin, it increased slightly 

to 402±14 μm after 3 days of treatment (p=0.004, compared to day 0), and then decreased 

significantly to 297±62 μm (p=0.0002, compared to day 3). With OptiPASS medium, control 

spheroid size increased significantly from 491±8 μm at day 0 to 855±53 μm at day 5 (p=10-34). 

In contrast, epirubicin-treated spheroids size increased slightly to day 3 with 542±25 μm 

(p=0.04, compared to day 0) and remained stable until day 5 (p=0.84). Thereby, for the 5 days 

of 1 μM epirubicin treatment, spheroids from both cell culture medium conditions showed 

significantly decreased sizes compared to their respective untreated controls. This highlights 

the cytostatic activity of epirubicin on these both cell culture media. Then, the percentage of 

spheroid viability (normalized to spheroid size) was determined after five days of treatment 

with epirubicin (Fig 3Ab), by the ratio of treated spheroids metabolic activity on untreated 

spheroids activity. For MDA-MB-231 cell line, the percentages of treated spheroids viability 

were similar between the two culture medium conditions, with 67±5% for reference spheroids 

and 62±6% for OptiPASS spheroids (p=0.15) (Fig 3Ab). Finally, live/dead markings were 

processed on both control and treated spheroids after five days of treatment (Fig 3Ac). The 

results showed that epirubicin-treated spheroids cultured in reference medium presented 

overall green markings, demonstrating the presence of mainly viable cells composing the 

spheroids, similarly as controls. In contrast, the analysis of treated spheroids cultured in 

OptiPASS medium showed clearly the presence of dead cells (red markings) compared to 

controls, revealing also a higher cytotoxic response with this chemotherapeutic agent.  
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Parallely, SUM1315 spheroids sensitivity to epirubicin was determined in OptiPASS 

medium and compared to reference medium. Control SUM1315 spheroids size did not 

increase in reference medium for the 5 days of treatment with 197±14 μm at day 0 and 227±8 

μm at day 5 (p=0.07). Similarly, epirubicin-treated spheroids size remained stable for the 5 

days of culture with 219±9 μm at day 5 (p=0.21 compared to day 0). More, no significant 

difference in spheroids size was detected between epirubicin treated spheroids and control, in 

reference medium (p=0.13). In contrast, with OptiPASS medium, SUM1315 spheroids size 
increased from 235±6 μm at day 0 to 319±6 μm at day 5 (p=10-14). Parallely, epirubicin treated 

spheroids size increased until day 3 with 263±7 μm (p=0.02, compared to day 0), but remained 

stable until day 5 (272±11 μm, p=0.91 compared to day 3). Thus, with this cell line, a significant 

difference in spheroid size between untreated and treated conditions was detected at day 5, 

only when spheroids were cultured in OptiPASS medium (p=0.0001). This showed the 

cytostatic action of epirubicin on SUM1315 spheroids only with OptiPASS medium. Then, the 

analysis of spheroid viability after five days of treatment showed similar percentages of viability 

of 84±8% and 91±10% (p=0.23), for reference treated spheroids and OptiPASS treated 

spheroids, respectively. Finally, Live/dead markings showed similar viability patterns (green 
markings) between reference and OptiPASS culture conditions, and this for control and 

epirubicin-treated spheroids. 

 
DISCUSSION 
 

Preclinical studies aim to screen new drugs or new treatment strategies. These consist 

in several steps, including in vitro cell culture modelling. For this, the culture medium plays a 

crucial role on the metabolism and growth of cells in culture. As a result, the stability and 

homogeneity of culture medium components are essential factors for ensuring the proper cell 

response to drugs in in vitro screenings 19–21. Otherwise, culture media might need the adding 

of animal-serum in their composition, in order to ensure and maintain cell development and 

homeostasis. Nevertheless, the use of serum is controversial in the cell culture field, principally 

because of its heterogeneity. The challenge then appears to be the removal of serum from 

media, by using new synthetic formulations. In this context, the objective of this study was to 
determine the performances of a new synthetic serum-free medium OptiPASS (BIOPASS) 

adapted for the culture of mesenchymal stem cells, which formulation is an industrial secret.  

These works were processed in monolayer and 3D cell culture conditions, using these TNBC 

cell culture models cultured in OptiPASS medium or their serum-containing-reference media, 

RPMI1640 medium (supplemented with 10% FCS) and Ham’s F12 medium (supplemented 

with 5% FCS), respectively. 
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Firstly, OptiPASS medium performances were determined in monolayer cell culture by 

the analysis of cell adherence, cell proliferation and cell metabolic activity. Then the expression 

of the mesenchymal phenotype marker vimentin was determined. Indeed, vimentin is the most 

commonly used marker for the determination of a phenotype change from epithelial to 

mesenchymal22,15,23,24. Thus, for OptiPASS cell culture development in our experimental 

conditions, it was necessary to add a coating step before cell seeding. This latter was carried 

out with the deposition of 2% Geltrex solution containing extracellular matrix proteins, in order 
to trigger cell adherence 25. Thus, this Geltrex concentration was already determined and used 

for the development of 3D cell cultures for both MDA-MB-231 and SUM1315 cell lines 18. With 

MDA-MB-231 cell line model, for all studied parameters, same cell adherence (78% vs 74%, 

p=0.64), cell proliferation rates (3.0 vs 3.4, p=0.05), cell metabolic activity (0.335 vs 0.366 at 

day 7, p=0.40) and same cellular carpet morphology were detected in RPMI1640 reference 

medium serum-supplemented and in OptiPASS medium, respectively. Similarly, the cellular 

expression of the mesenchymal marker vimentin in OptiPASS medium remained comparable 

to reference medium, showing the absence of cell line drift with this culture condition. These 

results suggest that OptiPASS medium is suitable for the monolayer culture of MDA-MB-231 
cell line, providing same performances as the reference medium. In contrast, with SUM1315 

cell line, lower (i) cell adherence (66% vs 22%, p=0.01), (ii) cell proliferation rates (3.3 vs 1.9, 

p=10-12) and (iii) cell metabolic activity (0.148 vs 0.067, at day 7, p=10-6) were detected in 

reference medium compared to OptiPASS medium, respectively. More, SUM1315 cells mostly 

presented an ovoid shape in bright field microscopy. These results suggest that cells cultured 

with OptiPASS medium may partly not adhere to the Geltrex coating or may detach. This may 

cause the decreased values of cell proliferation rates and metabolic activity for this cell line, 

as the cells may have detached prematurely. More, SUM1315 mesenchymal phenotype was 

still maintained in OptiPASS medium as depicted with the vimentin staining 26. Thus, the higher 

vimentin immunostaining intensity of SUM1315 floating-cells cultured in OptiPASS may be 

explained by their ovoid shape, in comparison with spread and attached cells culture in 

reference medium. Besides, in OptiPASS medium, the SUM1315 cell proportion profile 

revealed the presence of a majority of viable cells in the supernatant (74% for OptiPASS vs 

25% for reference at day 7, p=0.01). All these results showed that OptiPASS medium was 

adapted for the expansion of MDA-MB-231 and SUM1315 cell lines cultured in monolayer, 

allowing to proceed to further 3D cell culture production steps.  

 

Since few decades, new cell cultures models in three-dimensions (3D cell cultures) 

have been dramatically developing, as they reproduce more closely tumor’s microenvironment 
27,28, and are increasingly incremented into the drug development pipelines of preclinical 

studies 13,29. Thus, our team already developed 3D cell cultures on TNBC cell lines, highlighting 
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two different models ie. SUM1315 non-proliferative and MDA-MB-231 proliferative spheroids, 

in their respective serum-containing reference media 18. In this context, OptiPASS 

performances were tested on these 3D specific models. For this, spheroid size monitoring, 

spheroid viability/mortality monitoring and spheroid sensitivity to anticancer drugs were 

assessed on both cell lines cultured in OptiPASS and compared to reference medium. First, 

the analysis of spheroid size evolution showed a 1.3 and 1.5-fold increase in spheroid size 

when cultured with OptiPASS compared to reference medium, for MDA-MB-231 and SUM1315 
cell lines, respectively. Then, the viability/mortality fluorescent experiments showed same 

profiles between OptiPASS and reference-produced spheroids. More, the formation of a 

necrotic core surrounded by a ring of viable/proliferating cells was clearly observed at day 14 

for both culture conditions. This might be explained by the formation of nutrient and oxygen 

gradients within the spheroids, thus reproducing the in vivo behavior of tumours, as already 

described in literature 16. All of these results demonstrated that OptiPASS medium is very 

suitable for the 3D cell culture of TNBC cell lines MDA-MB-231 and SUM1315. More, it 

promoted enhanced spheroid proliferation rates, especially for SUM1315 cell line, turning this 

cell line into a high proliferative model in this culture condition. 
 

Then, in order to use 3D cell cultures produced in OptiPASS medium for therapeutic 

drug screenings, spheroid sensitivity to epirubicin was determined in OptiPASS and compared 

to the reference medium. Spheroids were treated with epirubicin, a strong intercalating agent 

used in conventional chemotherapeutics protocols, presenting high cytostatic (slowed or 

stopped proliferation rate) and cytotoxic (decrease in viability and/or presence of dead cells) 

activities. For MDA-MB-231 spheroids treated with 1 μM epirubicin in reference medium, a 2.2-

fold decrease in size as well as a decrease in viability (67%) were detected compared to 

controls. Similarly, MDA-MB-231 spheroids cultured in OptiPASS medium presented a 1.6 fold 

size decrease after treatment associated with lowered viability (62%, similar to reference). 

Therefore, for this cell line, the cytostatic and cytotoxic actions of epirubicin were detected 

whatever the culture condition (reference or OptiPASS). In contrast, for SUM1315 spheroids 

cultured in reference medium, no difference in spheroid size was noted after the treatment, but 

only a viability drop (84% viability). Conversely, SUM1315 spheroids cultured in OptiPASS 

presented a 1.2-fold size spheroid decrease with slowed viability (91%, similar to reference). 

These results showed that the culture with OptiPASS medium allowed to detect the epirubicin 

cytostatic and cytotoxic actions on both cell lines.  

 

All these results showed that proliferation, viability and drug sensibility of 3D cell 

cultures with MDA-MB-231 and SUM1315 cell lines were optimized in OptiPASS medium. This 

serum-free medium developed by BIOPASS is adapted to the culture of mesenchymal stem 
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cells and meets all quality control requirements for the culture of these specific cells. The 

experiments performed in this study showed that OptiPASS is suitable for the monolayer and 

the three-dimensional cell culture of these two triple negative breast cancer cell lines models. 

More, this method allowed a spheroid formation reproducibility per plate superior to 98%. 

These results also highlight the key role of the culture medium for the optimization of culture 

models’ predictive response within the drug screening pipeline and open the way to the 

common use of this medium in preclinical breast cancer research studies. These research 
works aimed to modeling the development of two TNBC cell lines in a "standard and controlled" 

culture medium for optimizing in vitro predictive drug response. This methodology could be 

extended to other models of TNBC cell cultures or other cell lines. Other experiments aiming 

to determine OptiPASS performances with other cancer cell lines are currently underway.   

 

METHODS 

 

1. Maintenance of cell cultures 

 

 The triple-Negative Breast Cancer cell lines (TNBC) MDA-MB-231 (ATCC HTB-26) and 

SUM1315 (MO2, ASTERAND) were maintained in a humidified incubator at 37 °C under 5% 

CO2.  Cell culture was processed in 75 cm2 culture flasks (FALCON) with 15 mL of the 

appropriate culture medium. For culture of MDA-MB-231 line, the reference medium was the 

RPMI 1640 medium (GIBCO) supplemented with fetal calf serum (FCS, 10%, EUROBIO) and 

gentamycin (20 μg/ml, PANPHARMA). For the SUM1315 cell line, the reference medium was 

the Ham's F-12 medium (GIBCO), supplemented with 5% FCS, 10 mM HEPES buffer 
(SIGMA), insulin (4 μg/mL, NOVO NORDISH A/S) and Epidermal Growth Factor (EGF, 10 

ng/mL, SIGMA). These two respective media were untitled “reference” in experiments with 

both cell lines. For experiments with OptiPASS medium (BIOPASS), the latter was 

supplemented with gentamycin (20 μg/ml) and was untitled “OptiPASS” in our experiments. 

Cells were only cultured before passage number 30 to prevent cell line drift.  

 

2. 2D cell culture development 

 

2.1. Cell seeding 
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For both cell lines, cells were seeded at least in triplicates for each culture condition, at 

concentrations of 2x104 cells per cm2 in 24-well microplates or 6-well microplates (FALCON) 

in 2 or 3 mL of culture medium, respectively. For cultures with OptiPASS medium, prior to 

seeding, wells were coated for 1h hour under agitation with 2% Geltrex diluted in medium. 

 

2.2. Cell counting with Cytation3MV plate reader and trypan blue 
 

The cellular carpet of each microplate wells was imaged daily with the Cytation3MV 

plate reader (BIOTEK, M=4X) coupled to Gen 5.03 software, until cells have reached the 

confluence (day 7). The number of living-adherent cells was then calculated for each culture 

condition by the “cellular analysis” algorithm of Gen 5.03 software, with the following settings: 

threshold value = 1200, background = light, min object size = 15 μm, max object size = 50 μm. 

The proliferation ratio was calculated by dividing the cell number of each well at day X by the 
number of cells one day after seeding (day 1).  

Then, when cells were at confluence, the supernatant containing floating cells (living 

and dead) was collected. Adherent cells were trypsinized and also collected, allowing the 

determination of “adherent”, “floating” and “dead” cells proportion of each cell culture condition, 

by a trypan blue exclusion test.  

 

2.3. Metabolic activity monitoring with resazurin test 
 

Cell metabolic activity was determined by the resazurin test after 1, 3, 5 and 7 days of 

culture (confluence) in reference or OptiPASS medium. It is a colorimetric assay involving the 

reduction of resazurin (non-fluorescent) into resorufin (fluorescent, ex/em 570/584 nm) by the 

metabolically active cells. For this, the cellular carpet of each condition was rinsed in hot D-

PBS and incubated with 100 μL of 60 μM resazurin (ACROS ORGANICS). The quantity of 

resorufin formed was monitored with Cytation3MV plate reader and presented in the graphs 
as the metabolic activity of cells ± s.d (standard deviation).  

 

2.4. Expression of the mesenchymal marker vimentin by immunofluorescence 
 

SUM1315 and MDA-MB-231 cells cultured with reference or OptiPASS medium were 
seeded in Ibitreat microplates (IBIDI) at concentrations of 5x105 cells per well. For cells cultured 

with OptiPASS medium, a 1h-coating with 2% Geltrex (in medium) was realized prior seeding. 

24h after seeding, cells were fixed for 20 min with a solution of 4% paraformaldehyde (SIGMA) 

and permeabilized in ethanol 70° at -20°C for 5 min. Cells were incubated for 1 hour with a 

saturation solution (0.1/1% v/w Triton/BSA in PBS) and then for 1 hour with the primary 
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antibody (Vimentin, Mouse, Isotype IgG1a, 1/250 in PBS 0.1% triton) or the isotype control 

(1/1000, isotype IgG1a mouse, THERMOFISHER). Then, cells were incubated with the anti-

mouse secondary antibody (1/400, AlexaFluor 647, MOLECULAR PROBES) for 1 hour, and 

then with 10 μg/mL Hoechst 33258 (SIGMA) for nuclear counterstaining. Finally, cells were 

dried, mounted with ProlongDiamond (THERMOFISHER) and observed with Cytation3MV 

plate reader (Dapi and Cy5 cube fluorescent filter cubes). 

 

3. 3D cell culture development 

 

3.1. Breast cancer spheroids production by the “liquid overlay” 3D technique 
 

3D cell culture protocol with TNBC cell lines was processed according to Dubois et. al 
18. Briefly, cells cultured in reference or OptiPASS medium, respectively, were seeded in 96-

well “Ultra-Low-Attachment” microplates (CORNING, 4520) at a concentration of 1000 cells 

per well and left in the incubator to let the cells aggregate in the bottom of the wells. After 24h 

of incubation, a cold solution of Geltrex LDEV-free (GIBCO, A14132-02) diluted in the 

appropriate culture medium (reference or OptiPASS) was dispensed in each well to a final 

concentration of 2%. Microplates were then agitated for 20 min at 185 rpm and left in the 

incubator for 24 hours. After this incubation time, unique compact spheroids were formed with 

reproducibility superior to 98% for both culture conditions. 

 

3.2. Characterization of spheroid size and morphology with Cytation3MV 
 

Spheroids formed with the two culture conditions were imaged daily (M=4X) from day 

1 (day of effective spheroid formation) to day 14, with Cytation3MV coupled to Gen 5.03 

software. The size of each spheroid was measured with the “cellular analysis” algorithm of the 

software with the following settings: threshold value = 10000, background = light, min object 

size = 180 μm, max object size = 1000 μm. 

 

3.3. Spheroid viability monitoring with Live/Dead fluorescent probes 
 

Spheroid viability was monitored after seven and fourteen days of culture (day 7, day 

14) by the Live/Dead Kit (MOLECULAR PROBES, L3224), marking viable cells in green 

(calcein-AM penetration) and dead cells in red (ethidium homodimer-1 penetration). For this, 
spheroids were harvested and deposited into 6-well microplates. Spheroids were rinsed twice 

with hot D-PBS and incubated with a solution of 2 μM calcein-AM and 4 μM etdh-1 in D-PBS 
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for 45 min (protected from light), according to supplier’s instructions. Spheroids were then 

transferred into 8-well uncoated micro slides (IBIDI, 80821) and imaged on Cytation3MV plate 

reader with green fluorescent protein cube (GFP) and Propidium Iodide (PI) fluorescence cube 

loaded on the device (M=4X). 

 

3.4. Spheroid anticancer drug sensitivity determination 
 

Spheroids formed in reference medium or OptiPASS medium were treated with 1 μM 

of epirubicin (stock solution of 1 mM dissolved in distilled water), for 5 days. The size of control 

and 1 μM-treated spheroids was monitored with Cytation3MV for 5 days, as previously 

described. The percentage of treated spheroids cell viability at day 5 was determined with 

resazurin test, by the ratio of resorufin formed in treated spheroids on control spheroids. These 

values were then normalized on the percentage of spheroids treated size on control size, at 
day 5. Finally, the viability assay Live/Dead was performed on treated and control spheroids 

at day 5.  

  

4. Statistical analysis 

 

 Results were expressed as means ± standard deviation (s.d.) or standard error 

(s.e.m) of n independent experiments. Every experiment was performed at least in triplicate 

and then statistically compared using a two-sided student’s t-test. Data comparison was 

considered statistically significant when the p value was p<0.05 (*). Lower p values were noted 

in figures as follows: p<0.01 (**), p<0.001 (***), p<0.0001 (****) and p<0,00001 (*****). Non-

significant results were noted as “ns”.  
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ABSTRACT  
 

Triple-Negative breast cancers (TNBC) are very aggressive and of poor prognostic. Poly-ADP-

ribose Polymerases inhibitors (PARPi) are a class of synthetic lethality drugs targeting tumours 

exhibiting “BRCAness” phenotypes, such as TNBC. In these works, for the modelization of the 

anti-PARP1 Olaparib efficiency on TNBC cells lines, an Olaparib fluorescent derivative 

(Olaparib-FL or “Ola-FL”) was firstly synthesized and characterized. Then, the penetration and 
distribution of Ola-FL was determined on MDA-MB-231, SUM1315 and HCC1937 TNBC cell 

lines, cultured in monolayer of three-dimensional conditions. The results showed first, Ola-FL 

production yield was 65% with a purity higher than 99%. Then, Ola-FL penetration analysis in 

three TN cell line models in monolayer culture showed a rapid penetration of this anti-PAPRP 

in cells and its accumulation in nucleus. The same study on 3-day-old spheroids showed a 

rapid penetration in 5 min and a homogenous Ola-FL repartition and localization in the nuclei 

throughout the integrality of the three spheroid models. Similarly, same Ola-FL distribution and 

localization was detected on spheroids cultured for 14 days, demonstrating the fixation of this 

molecule even in hypoxic spheroid areas. All these results demonstrated the suitability of this 
Olaparib fluorescent derivative to model the distribution / efficacy of anti-PARP in order to 

optimize the predictive treatment response in TN tumors. 
 

KEYWORDS  
PARP inhibitors, fluorescent Olaparib, Triple-Negative breast cancer, 3D cell culture 
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INTRODUCTION 
 

The very aggressive Triple-Negative breast cancers (TNBC) are insensitive to hormone 

therapy or targeted therapy against HER2 receptor (Trastuzumab®) (Foulkes et al., 2010). 
For this subtype, the treatment is mainly composed of surgery, followed by radiotherapy and 

conventional chemotherapy (Anders and Carey, 2009; Penault-Llorca and Viale, 2012). 

These strategies are effective on approximately 50% of patients exhibiting a relatively high 5-

years overall survival. Unfortunately for the other half of patients with TNBC, a rapid and 

aggressive recurrence by the development of metastases is encountered, leading to very bad 

outcomes (Duma et al., 2018; Lehmann et al., 2016). Nevertheless, new treatment strategies 

were developed in order to improve the prognosis of patients, that are PARP inhibitors. This 

class of targeted drugs exploit the concept of synthetic lethality (Fang et al., 2011; Farmer et 
al., 2005), which has been defined as a situation in which two deficiencies which, taken in 

isolation, have no effect, but become lethal when they are combined (Fang et al., 2011; 
Farmer et al., 2005; Pernin et al., 2014). In that case of PARP inhibitors, the deficiency is 

related to the DNA damage repair systems. Indeed, the Homologous Repair system (HR), 

mediated by the BRCA1 and 2 proteins, is the one that allows the most faithful repair of DSBs, 

thus preserving genomic integrity. However, a great proportion of TNBC tumours exhibit 

deleterious mutations on the BRCA1/2 genes or assimilated "BRCAness" phenotypes (Telli et 
al., 2018; Wang et al., 2018) leading to deficient HR mechanism in these cells. Thus, PARP 

inhibitors would inhibit the action of the nuclear enzyme PARP1 which plays (i) a dominant role 

in repairing single-strand breaks (Bas excision Repair system BER) and (ii) in the alternative 

non-faithful repair pathway for double-stranded DNA breaks by non-homologous extremal 
ligation (NHEJ). Therefore, treatment of TNBC tumours with a PARP inhibitor would lead to 

the accumulation of single-strand breaks (SSB) that would be converted into DSBs during the 

passage of replication forks. The latter would no longer be repaired by the HR system deficient 

because of the "BRCAness" status of TNBC tumours leading to the death of tumor cells by 

apoptosis (Bryant et al., 2005). 

 

Among all PARP inhibitors developed in preclinical and clinical studies, the Olaparib®  recently 

obtained its New Drug Approval (NDA) for the treatment of ovary and fallopian tubes metastatic 

cancers BRCA1 or 2 mutations carriers, in the second treatment line after failure of 
conventional chemotherapies based on platinum salts (Deeks, 2015; Dent et al., 2013; 
Gladieff et al., 2017; Llombart-Cussac et al., 2015). Nevertheless, the analysis of anti-

PARPs efficiency and action mechanisms is still necessary for the improvement of the 

treatment strategies. Therefore, some fluorescent derivatives also called “PARPi-FL” were 
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developed in order to determine the distribution and to monitor the pharmacokinetics of PARP 

inhibitors in in vitro and in vivo models, such as glioblastoma, head and neck cancers, breast 

or ovarian cancers (Irwin et al., 2014; Kossatz et al., 2016; Thurber et al., 2013, 2014). 

These PARPi-FL are also developed as companion diagnostics enabling patient selection, 

treatment planning and monitoring as well as intraoperative imaging (Kossatz et al., 2018).  

 

The in vitro experiments are mainly realised in monolayer cell culture. Nevertheless, preclinical 

experiments are increasingly performed in more biomimetic models that are the 3D cell 

cultures. These models also called “spheroids”, mimic more precisely the tumour 
microenvironment, by the formation of genetical, biochemical and phenotypical gradients. 

Therefore, the 3D cell culture an adapted tool for drug screening and evaluation (Antoni et 
al., 2015; Bissell, 2017; Breslin and O’Driscoll, 2016; Charoen et al., 2014)(Costa et al., 
2016; Dubois et al., 2017; Fang and Eglen, 2017). Our team already developed several 

Triple-Negative breast cancer 3D models. These works specifically highlighted the importance 

of determining the proliferative / non-proliferative property of the 3D models, in order to 

proceed to optimized 3D drug screenings (Dubois et al., 2017). 
 

To model the effectiveness of anti-PARP on TNBC cells lines, these works aimed on the 
synthesis and characterisation of an Olaparib fluorescent derivative (Olaparib-FL or “Ola-FL”) 

and the analysis of its penetration and distribution in three TNBC cell lines models, ie MDA-

MB-231, SUM1315 and HCC1937, in 2D and 3D cell culture conditions.  

 

MATERIAL AND METHODS 
 

1. Olaparib-FL synthesis and characterization 
 

1.1. Synthesis 
 
Ola-FL was synthesised by coupling 4-[[4-fluoro-3-(piperazine-1-carbonyl)phenyl]methyl]-2H-

phthalazin-1-one, a synthetic Olaparib analog synthesized as previously described (Menear 
et al., 2008), to the commercial BODIPY-FL fluorescent probe (Interchim, Montluçon, France). 

A solution of BODIPY-FL succinimidyl ester (15.0 mg, 38.5 μmol) in acetonitrile (600 μl) was 

added to a solution of 4-[[4-fluoro-3-(piperazine-1-carbonyl)phenyl]methyl]-2H-phthalazin-1-

one (14.1 mg, 38.5 μmol) and triethylamine (27 μl, 193 μmol) in acetonitrile (600 μl). The 

reaction mixture was stirred for 24 hours at room temperature and concentrated under vacuum. 
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The residue was purified by column chromatography (SiO2, 40-63 μm, 

Dichloromethane/Methanol, 95/5) to yield Ola-FL as a red solid (16.0 mg, 25.0 μmol, 65%). 

 

1.2. Purity 
 
The purity of Ola-FL was assessed by analytical HPLC-UV/Vis-DAD analysis using a HP 1100 

series LC system equipped with an online degasser, a quaternary pump, a column oven, a 

photodiode array detector (DAD) and an autosampler. Water and acetonitrile (ACN) were used 

for the preparation of the mobile phase. The temperature of the column oven was kept at 25 

°C. A gradient elution was applied at a flow rate of 1.0 mL/min through a reversed-phase Nova-

Pak® 4 μm C18 column (150 x 3.9 mm; Waters Corporation, Milford, MA, USA) with an 

additional Nova-Pak® guard column. The following gradient was employed: 0 – 15 min, 10 – 

90% ACN; 15 – 17 min, 90 – 10% ACN. A sample of Ola-FL in ACN with a volume of 10 μL 

was injected. UV spectra were recorded from 220 to 650 nm from 0 to 16 min and the 
monitoring wavelength for Ola-FL were set to 254 and 506 nm. Agilent ChemStation software 

(version B.04.03-SP1, Agilent Technologies, France) was used for acquisition of 

chromatograms, spectra and integration data. 

 

1.3. Characterization 
 
Ola-FL was fully characterized by 1H nuclear magnetic resonance (1H NMR), electrospray 

ionization mass spectrometry (MS-ESI), high-resolution electrospray ionization mass 

spectrometry (HRMS-ESI) and fluorescence spectroscopy. NMR spectra were recorded on a 

Bruker AVANCE 400 (400 MHz) spectrometer. Chemical shifts for protons are reported in parts 

per million (ppm) and are referenced against the dimethylsulfoxide lock signal (1H, 2.50 ppm). 

Data are reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q= 

quadruplet, m= multiplet), coupling constants (Hz), and integration. Mass spectra were 

recorded on a high-resolution Waters Micro Q-Tof apparatus in positive mode (UCA-Partner, 

Université Clermont Auvergne, France). Absorption and emission spectra were recorded on 
the Cytation3MV. 
1H NMR (400 MHz, DMSO-d6) δ = 12.60 (s, 1H), 8.27 (d, J = 7.8, 1H), 7.97 (d, J = 7.6, 1H), 

7.90 (t, J = 7.6, 1H), 7.83 (q, J = 7.7, 1H), 7.70 (s, 1H), 7.44 (m, 1H), 7.38 (m, 1H), 7.24 (t, J = 

9.0, 1H), 7.10 (s, 1H), 6.42 (dd, J= 13, J = 4.1, 1H), 6.31 (s, 1H), 4.34 (s, 2H), 3.70-3.50 (m, 

4H), 3.41 (m, 2H), 3.18 (m, 2H), 3.09 (m, 2H), 2.75 (td, J = 27, J = 7.9, 2H), 2.47 (d, J = 5.3, 

3H), 2.27 (s, 3H). MS-ESI (+) m/z = 621.3 [M − F]+, 641.3 [M + H]+, 663.2 [M + Na]+. HRMS-
ESI [M + H]+ m/z calculated for [C34H33O3N6BF3]+ 641.2657, found 641.2664. Absorption and 
emission maxima were determined at 506 and 520 nm, respectively. 
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2. Cell culture 
 

2.1. 2D cell culture 
 

The three triple-negative breast cancer SUM1315 (MO2TM, Asterand), MDA-MB-231 (HTB-

26TM, ATCC®) and HCC1937 (CRL2336 TM, ATCC) cell lines were cultured either in Ham’s F12 

medium (Gibco®) or RPMI 1640 medium (GIBCO®). For the culture of SUM1315 cell line, the 

Ham’s F12 was supplemented with 5% decomplemented fetal calf serum, 10 mM HEPES 

buffer (Sigma®), 20 μg/mL gentamycin (Panpharma®), 10 ng/mL EGF (Sigma®) and 4 μg/mL 

insulin (NovoRapid®). For MDA-MB-231 and HCC1937 cell lines cultures, the RPMI1640 

medium was supplemented with 10% decomplemented fetal calf serum and 20 μg/mL 

gentamycin. The cells were seeded at a concentration of 10 000 cells/cm2 in 75 cm2 flat culture 

flasks (Falcon®) containing 15 mL of medium. At 90% confluence, cells were detached with 

trypsin, counted with a blue trypan exclusion test and re-seeded in new culture flasks at the 

same concentration. For all experiments, cell cultures were maintained in a humidified 

incubator set at 37°C and 5% CO2. The cell lines were not experimented after passage 45 and 

the absence of mycoplasma contamination was systematically checked before running the cell 
experiments (Mycoplasma Check, GATC®).  

 

2.2. 3D cell culture 
 

For spheroid formation with three TNBC cell lines (MDA-MB-231, SUM1315 and HCC1937), 
the liquid overlay technique was performed according to previous published works of the team 

(Dubois et al., 2017).  

 

3. Cell treatment  
 

Ola-FL was dissolved in DMSO. 2D and 3D cell cultures were treated with 1 μM Ola-FL. The 

final concentration of DMSO was of 0.1% in all cell cultures. For monolayer experiments with 

Ola-FL, cells were seeded at a concentration of 50 000 cells/well in Ibitreat chamber slides 

(Ibidi®) and let to attach for 24h in the incubator. For 3D cell culture experiments, spheroids 

(1000 cells/well) were treated after 3 or 14 days of culture.   
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4. Cell culture imaging with Cytation3MV 
 
For the analysis of Ola-FL localisation and distribution, the three cell lines were incubated with 

Ola-FL for 1h, 2h or 3h. After each incubation time, cells were washed twice in cold PBS and 

directly observed with the Cytation3MV (DAPI and GFP filters). For competition tests with 

Olaparib, cells were firstly incubated with 100 μM Olaparib for 1h, washed three times in PBS 

and finally incubated with Ola-FL for 1h, 2h or 3h. Both localisation and competition tests were 

imaged and analysed with the Cytation3®MV multimode plate reader (Biotek). 

 

Spheroids obtained from the three cell lines were incubated with Ola-FL for 5 min, 30 min or 

1h (for spheroids of 3 days culture) or for 3h (for spheroids of 14 days culture). After each 
incubation time, spheroids were washed three times in cold PBS and fixed in 4% 

paraformaldehyde (PAF 4%). The water was progressively removed from the samples with 

successive incubations in 15% and 30% sucrose. Then, the spheroids were coated in a 

cryomounting medium (OTC Tissue Freezing Medium, Leica), quickly freezed in liquid nitrogen 

and cut into 10 μm slides with a cryostat (CICS, Clermont-Ferrand). After 24h drying, the slides 

were stained with 10 μ/mL Propidium Iodide or Hoechst and then mounted with 

ProlongDiamond antifade mountant (ThermoFisher).  

 
RESULTS 
 

1. Olaparib-FL 
 
Ola-FL is a fluorescent agent which exhibits structural similarity and behavior akin the PARP 

inhibitor Olaparib. As described in Fig. 1A, Ola-FL was synthesised by coupling a synthetic 

Olaparib analog bearing the 2H-phtalazin-1-one active moiety to the commercial BODIPY-FL 

fluorescent probe. The NHS-ester coupling reaction led to Ola-FL in a 65% yield after a 24-

hour reaction time in acetonitrile and purification by liquid chromatography. Ola-FL was then 

fully characterized by proton nuclear magnetic resonance, high resolution mass spectrometry 

and fluorescence spectroscopy. Excellent purity (>99%) was established by analytical HPLC-

UV-DAD analysis as one single peak was observed on chromatograms on the 220 – 550 nm 

range. Representatives HPLC traces at 254 and 506 nm (same scale) of Ola-FL after 
purification are shown on Fig. 1B. Absorption and emission spectra of Ola-FL were also 

recorded, with absorption and emission maxima determined at 506 and 520 nm, respectively 

(Fig. 1C). 
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2. Olaparib-FL analysis in monolayer cell culture 
 
The penetration of Ola-FL in three TNBC cell lines MDA-MB-231, SUM1315 and HCC1937 

without or with Olaparib competition (100 μM, in excess) was analyzed after 1h, 2h or 3h of 

incubation, using the multimode imager Cytation3MV (Biotek) (Fig. 2). For the competition 

experiments, cells were first treated with Olaparib in excess prior to Ola-FL incubation. In MDA-

MB-231 cell line, Ola-FL alone was first detected in the cytoplasm of cells after 1h incubation 

(Fig. 2Aa). Then, it penetrated the nuclei after 2h and remained concentrated in one intense 

“hot spot” after 3h. In contrast, in presence of Olaparib in excess, the overall Ola-FL fluorescent 

signal remained cytoplasmic and dramatically low during the all experiment (Fig. 2Ab). For 

SUM1315 cell line, Ola-FL alone penetrated into the nucleus after only 1h incubation and 
remained until 3h. More, the same intense nuclei markings were detected for this cell line at 

the three incubations times (Fig. 2Ba). In presence of Olaparib in excess, Ola-FL signal 

remained high but concentrated in the cytoplasm after 1h and decreased clearly after 2h and 

3h (Fig. 2Bb). For HCC1937 cell line, Ola-FL alone was detected in the cytoplasm of the cells 

after 1h. Then, intense hot spots were present in the nuclei after 2h, that were more diffused 

after 3h (Fig. 2Ca). With 100 μM Olaparib, no Ola-FL signal was detected after 1h incubation 

(Fig. 2Cb). Nevertheless, after 2h and 3h of competition, Ola-FL signal increased clearly, but 

remained localized in the cytoplasm (Fig. 2Cb). These results firstly showed that for whatever 

TNBC studied model, Ola-FL rapidly penetrated the cells and reached the nuclei after 1h to 

3h. Moreover, a combinatory administration Olaparib / Ola-FL demonstrated clearly a 

competition for the fixation to their nuclear molecular target.  

 

3. Olaparib-FL distribution in triple-negative breast cancer 
spheroids 
 

Ola-FL penetration and cell distribution in TNBC spheroids by the time was then studied. For 

this, the spheroids obtained from MDA-MB-231, SUM1315 and HC1937 TNBC cell lines aged 

of 3 (Fig. 3) or 14 days (Fig. 4), were incubated with 1 μM Ola-FL for 5 min, 30 min, 1h or 3h. 

Spheroids cuts and nuclear markings (propidium iodide, red fluorescence) were then 

processed and the penetration and cell distribution of Ola-FL was studied according to 

spheroid age and the time of incubation.  

 

First, the analysis of Ola-FL distribution was performed in small spheroids presenting area 
8000, 3500 and 5000 μm2 for MDA-MB-231, SUM1315 and HCC1937 spheroids, respectively 

(Fig. 3). For the three cell lines, a rapid penetration and a homogenous distribution of Ola-FL 
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was detected throughout the spheroids after 5 min incubation, as depicted in the green 

histograms of fluorescence intensity (Fig. 3A, B, C). Then, after 30 min and 1h of Ola-FL 

treatment, the distribution in spheroids remained homogenous. In addition, for the three cell 

line models cultured in 3D, Ola-FL was localized in the nucleus of the cells, as confirmed with 

the co-localization histogram (superposition of nucleus marking and Ola-FL marking) (Fig. 3A, 
B, C).  

 

Then, the analysis of Ola-FL distribution was performed in larger spheroids aged of 14 days 

(Fig. 4), presenting area of 25000, 22000 and 20000 μm2 for MDA-MB-231, SUM1315 and 
HCC1937 spheroids, respectively. First, the spheroid nuclear marking showed a more intense 

red marking in the periphery of the three spheroids models obtained from MDA-MB-231 (Fig. 
4A), SUM1315 (Fig. 4B) and HCC1937 cell lines (Fig. 4C). Parallely, after 3h treatment, Ola-

FL remained in the spheroids and its distribution was homogeneous in the three models (green 

histograms depicting Ola-FL intensity across the entire spheroid).  

 

DISCUSSION 
 

Despite the advances in terms of detection and the development of individualized treatment 

strategies, breast cancer remains a major public health concern (Bray et al., 2013; Ferlay et 
al., 2015). Thus, among the breast cancer subtypes, the Triple-Negative phenotype frequently 

mutated for BRCA1/2 genes, is of very poor prognosis (Anders and Carey, 2009). For the 

improvement of patient outcome, small inhibitors of Poly-ADP-ribose polymerases were 

developed as targeted therapies for BRCA1/2-deficient or associated “BRCAness” tumours 
(Bryant et al., 2005). Among them, the Olaparib, an anti-PARP1, was approved for the 

treatment of ovarian cancers and is in development for the treatment of breast, head and neck 

or prostate cancers (Deeks, 2015). Though promising results, the action mechanism of 

Olaparib and other PARPi at the cellular level has still to be investigated. For this, imaging 

strategies combining the drugs with fluorescent probes are increasingly developed, for 

preclinical and ex vivo clinical analysis (Irwin et al., 2014). In this context, these experiments 

aimed to the development of the PARPi fluorescent derivative Ola-FL for penetration and 

distribution analysis in 2D and 3D TNBC cell line models. The results showed a rapid 

penetration (inferior to 3h) of Ola-FL in MDA-MB-231, SUM1315 and HCC1937 cell lines 
cultured in monolayer. More, the fluorescent drug reached its molecular target (the nucleus) 

as confirmed in the localization and competition tests. Indeed, the competition test consisted 

in treating cells with high concentration of Olaparib (100 μM) prior to treat with Ola-FL (1 μM) 

for 1h, 2h or 3h. If both molecules present the same molecular target, the one deposited in 
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excess will prevent the second one to reach to/fix its target. In that case of Ola-FL, this low 

fixation/access to the molecular site would result in the absence / low fluorescent signal in the 

nucleus of competed cells (Carney et al., 2018; Reiner et al., 2012). 

 

Then, the analysis of Ola-FL penetration and distribution was studied in the three spheroid 

models after 3 days or 14 days of culture. The choice of these two spheroid culture times was 

motivated by the will of modeling drug mechanism in several tumour conformations. Indeed, 

old spheroids present a necrotic / quiescent hypoxic core that might influence molecule 

penetration, distribution and metabolism (Costa et al., 2017; Lin et al., 2008). Thus, our 3D 
models of 14 days presented decreased propidium iodide markings in the cell nuclei localized 

in the center. This confirmed the formation of quiescent / senescent cells in the core of our 

models. More, HCC1937 spheroids aged of 14 days presented a central hole. The latter may 

be mimicking the acinus-like structure of mammary gland, resembling a normal-tissue-like 

organization (Barcellos-Hoff et al., 1989; Furuta and Bissell, 2016). This can be explained 

by the differentiated nature of this cell line, issued from a primary triple-negative breast tumour 

(Tassone et al., 2003). In contrast, MDA-MB-231 and SUM1315 cell lines are highly 

undifferentiated cell lines derived from metastatic breast cancer tumours, that did not keep 

their capacity of organizing in acinus-like structures (Barnabas and Cohen, 2013; Neve et 
al., 2006).  

 

Therefore, the analysis of Ola-FL penetration in spheroids after 3 days of culture showed a 

rapid (5 min) and homogenous penetration of the fluorescent compound throughout the 

integrality of the micro-tumours and this for the three models. Thus, the Ola-FL was localized 

in the nucleus of the cells. Interestingly, the spheroids of 14 days produced from the three 

models exhibited the same homogenous repartition than with younger spheroids and this after 

3h treatment. Similarly, the Ola-FL was localized in the nucleus of the spheroid cells.  

 

All these preliminary results showed the possibility of using Ola-FL for the analysis of drug 
mechanism of action in TNBC models. Ola-FL can be used to define the action mode of PARPi 

in several cancer types, as well as the study of drug penetration and distribution in TNBC 

models. In our models, the future works will aim to study Ola-FL distribution at long-term 

(several days of treatment) and to analyze the co-expression of several multidrug resistance 

proteins, responsible for Olaparib resistance in breast cancer treatment.  
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a  b  s  t  r a  c t

Olaparib is a potent  PARP inhibitor in clinical  use  for  cancer therapy.  A  bioanalytical  assay  was devel-

oped  and  validated for  quantitation  of intracellular  level  of olaparib  in cells  exposed  to  the  drug.  The

assay  involves an  optimized  and  straightforward  sample  pretreatment with  acetonitrile for  olaparib  sol-

ubilization,  cell lysis and protein  precipitation, and a high  performance liquid  chromatography  (HPLC)

method  with  ultraviolet  detection.  Several  parameters  in both the  sample  preparation  and the  detec-

tion  steps  were  investigated.  Optimal  chromatographic conditions were  achieved  with  a  5  �L  injection

on  a Nova-Pak
®

C18 column  (150  ×  3.9 mm,  4 �m)  using a  mobile  phase consisting  of  acetonitrile and

ultra-pure  water in gradient  mode, at  a constant 1.2  mL/min flow rate, at 35 ◦C.  Detection was carried

out  at  254 nm and  a diode array  detector was used  to insure  purity of the  olaparib peak. The method  was

validated  according to  Food and  Drug Administration  guidelines.  Linearity, accuracy  and precisions  were

satisfactory  over the  concentration  range of 200–2000 ng/mL. Limits of detection  and  quantification  for

olaparib  were 50 ng/mL  and  200  ng/mL,  respectively.  Good stability  was showed  in three  relevant analyti-

cal  conditions.  Finally, the  validated  analytical  method was successfully  used to estimate the  intracellular

level  of olaparib  in SUM1315  breast cancer cells.  A significant difference  was observed  in intracellular

drug  level after  1  and  3  h incubations.  This  method permitting measurement  of drug  level  in tumor cells

would  allow  dosage optimization and  improvement  of treatment  response  predictions.

© 2018  Elsevier  B.V.  All rights  reserved.

1. Introduction

Over the last decade, the inhibition of poly (ADP-ribose) poly-

merase (PARP), a nuclear enzyme involved in  many processes

including DNA repair and cell death, has become a promising per-

sonalized therapeutic strategy in cancer treatment [1–4]. PARP

inhibitors, a new class of antineoplastic drugs, can induce tumor-

specific synthetic lethality in  cancer cells with defective DNA

damage repair system, like those associated to  mutations of the

BRCA tumor suppressor genes [5–8]. Olaparib (AZD2281, Fig. 1),

∗ Corresponding author at: Institut Universitaire de Technologie, Département

Génie Biologique, Université Clermont Auvergne, 5 Avenue Blaise Pascal, BP 86,

63172 Aubiere Cedex, France.

E-mail address: pierre.daumar@uca.fr (P. Daumar).

veliparib (ABT-888), niraparib (MK-4827) or rucaparib (AG014699)

are examples of potent PARP inhibitors having recently reached

advanced clinical trials as combination and/or standalone targeted

therapies, especially in  breast and ovarian cancers. Olaparib (Lyn-

parza) was the first to gain the European Commission (2014) and

the United States Food and Drug Administration (2015) regulatory

approvals for use in patients with BRCA-mutated ovarian cancer

[5,9,10].

PARP  inhibitors have great therapeutic potential and are antic-

ipated to  have broad clinical application in  future cancer therapy

[10].  However, both preclinical and clinical studies have revealed

that tumor cells sensitivity towards PARP inhibitors can vary

widely, and that treatments efficacy needs optimization. PARP

being an intracellular target, the sensitivity of tumor cells and

the effectiveness of a  PARP targeted therapy are  influenced by

a key factor, namely the amount of  PARP inhibitors reaching

https://doi.org/10.1016/j.jpba.2018.01.036

0731-7085/© 2018 Elsevier B.V. All rights reserved.
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Fig. 1. Chemical structure of the PARP inhibitor olaparib.

the intracellular compartment [11]. As for any drug with an

intracellular target, the disposition of  PARP inhibitors is  greatly

affected by  processes such as elimination, metabolism, drug uptake,

and expression/upregulation of transmembrane drug efflux trans-

porters. The latter, particularly relevant for PARP inhibitors, was

identified during early preclinical studies as a major resistance

mechanism [3,12–14].

In this context, methods that provide measurements of PARP

inhibitors concentration, especially in tumor cells, have potential

for drug dosage optimization and improvement of  drug response

predictions. Overall, such data would lead to the implemented

therapeutic potential of  PARP inhibitors. Therefore, a  reliable

methodology to assess intracellular level of PARP inhibitors in  can-

cer cells is warranted, and could ultimately provide a  mean to assess

relationships between PARP inhibitors intracellular level and treat-

ment efficacy.

Measuring intracellular concentration of  a  drug is challenging

and has relied most of  the time on the use of radiolabeled analogues.

However, the main limitation of this methodology originates in  the

fact that such compounds are not readily available [15,16]. Mass

spectrometry is  a very sensitive and specific technique to determine

drug levels in cells [16,17]. Accordingly, liquid chromatography-

tandem mass spectrometry (LC–MS/MS) is  the method of  choice

for low drug level detection but still requires high-cost instru-

ments and time-consuming sample preparations. Regarding PARP

inhibitors, LC–MS/MS methods were only reported for quantita-

tive measurements in cell culture medium, human plasma, tumor

and brain homogenates [19–23]. Oplustilova et  al. recently men-

tioned the intracellular level determination of an olaparib analogue

by LC–MS but no technical details were given on the analytical

method that was employed [24]. Finally, flow cytometric analysis

was used recently to perform single-cell analysis and assess intra-

cellular concentration of  fluorescent drugs [11,18,25,26]. Although

promising, the development of this technique is still at an early

stage and the low number of drugs with intrinsic fluorescence rep-

resents a  major limitation. Reversed-phase high performance liquid

chromatography (HPLC) with Ultraviolet Diode Array Detector (UV-

DAD) analyses allow for sensitive quantitation of  many compounds

with accessible equipment. However, to the best of  our knowledge,

no validated method based on this technique for the determination

of intracellular drug was ever reported in the literature.

The aim of  the present study was to develop a simple, sensitive

and reliable HPLC-UV-DAD procedure for quantitation of intracel-

lular PARP inhibitor levels. The assay provides the advantage of

working with un-labeled compounds and includes a straightfor-

ward and reliable cell sample pretreatment developed by varying

the nature and the volume of  the solvent used for solubilization of

intracellular drug. The optimized analytical method was  validated

according to  international guidelines for bioanalytical method val-

idation and applied to the estimation of olaparib intracellular level

in SUM1315 breast cancer cells.

2.  Material and methods

2.1. Chemicals and reagents

Olaparib was purchased from Sequoia Research Products (Pang-

bourne, UK). All chemicals were acquired from Sigma-Aldrich

(France). Dimethyl sulfoxide (DMSO) was  of molecular biology

grade. Water and acetonitrile were of HPLC gradient grade (VWR

Chemicals, France).

2.2. 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 �g/mL gentamicin, 10 ng/mL EGF and 4 �g/mL insulin [27].

2.3. Stock solutions, calibration standards and quality control

samples

A 1 mg/mL  stock solution of  olaparib was prepared by dissolv-

ing an appropriate amount of  olaparib in DMSO. By dilution of this

solution with acetonitrile, separate 10000 ng/mL stock solutions

for calibration standards and quality control samples (QC samples)

were prepared and stored at −20 ◦C. Both stock solutions were

further diluted to obtain working solutions. Calibration standards

were prepared daily before each validation run. These were pre-

pared by adding the appropriate amount of the 10000 ng/mL stock

solution to acetonitrile to obtain concentrations of 200, 400, 600,

800, 1000 and 2000 ng/mL for olaparib. QC samples were prepared

in a  similar manner to obtain olaparib spiked solutions in acetoni-

trile used for sample preparation. Final olaparib concentrations

at QC-low, QC-mid and QC-high were 300, 800 and 1800 ng/mL,

respectively.

2.4. Chromatographic equipment and conditions

Analytical HPLC experiments were performed on  a  HP 1100

series LC system equipped with an online degasser, a quater-

nary pump, a  column oven, a  photodiode array detector (DAD)

and an  autosampler. Water and acetonitrile (ACN) used for the

preparation of  the mobile phase were filtered through a  0.45 �m

Durapore Polyvinylidene difluoride (PVDF) membrane filter (Merck

Millipore, UK) before being used in  the chromatographic system.

The temperature of the column oven was  kept at 35 ◦C. A gra-

dient elution was  applied at a flow rate of 1.2 mL/min through

a reversed-phase Nova-Pak
®

4 �m C18 column (150 ×  3.9 mm;

Waters Corporation, Milford, MA,  USA) with an additional Nova-

Pak
®

guard column. The following gradient was  employed:

0–13 min, 5–35% ACN; 13–16 min, 35–95% ACN; 16–21 min, 95%

ACN; 21–22 min, 95–5% ACN; 22–28 min, 5%. A sample volume of

5 �L  was injected. UV  spectra were recorded from 210 to 400 nm

from 0 to 14 min  and the monitoring wavelength for olaparib was

set to 254 nm.  Agilent ChemStation software (version B.04.03-SP1,

Agilent Technologies, France) was  used for acquisition of chro-

matograms, spectra and integration data.

2.5. Sample preparation

SUM1315 cells were seeded at a  density of 250 000 cells/mL in

5 mL  of culture medium and incubated at 37 ◦C during 24  h for cell

adhesion to the flask. The culture medium was removed. 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 × 3 s). After centrifugation of the samples at 4 ◦C (350 g,  10 min),
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the supernatant was filtered through a  0.45 �m PVDF membrane

filter and pipetted into a  1 mL  autosampler vial for injection.

2.6. Bioanalytical method validation

The described method was validated according to inter-

nationally accepted recommendations for bioanalytical method

validation [28].

2.6.1. Selectivity

Six different cell samples processed without olaparib were ana-

lyzed for peaks of substances interfering with that of olaparib at

10.1 min. The chromatograms were compared to those obtained

with the 200 ng/mL calibration standards and to blank samples

(HPLC gradient grade acetonitrile).

2.6.2. Carry over effect

Carry over was investigated by injecting a  blank sample (HPLC

gradient grade acetonitrile) after each QC-high sample injection in

each analytical run.

2.6.3. Recovery

The recovery of olaparib over the whole process from cell sam-

ples was determined using QC samples (QC-low, QC-mid, QC-high)

and olaparib standard solutions in  acetonitrile at the three valida-

tion levels (QC-low, QC-mid, QC-high). The recovery was  calculated

by comparing olaparib peak areas from QC samples (n  = 12 for each

concentration level) submitted to sample preparation (cell scraping

and sonication, centrifugation, filtration) with the corresponding

mean peak area of the unprocessed standard solutions (n  = 4).

2.6.4. Calibration curves

The 200 and 2000 ng/mL calibration standards were processed

in duplicate for each daily calibration, whereas the levels in

between were processed only once. Linear regression analysis was

employed to  define the calibration curves using the olaparib peak

area versus the nominal concentration of the calibration standard

(ng/mL). For  each analytical run, the calibration curve was accepted

if all calibration standards had a deviation within ±15% of the

nominal concentration. A deviation of  ±20% for the 200 ng/mL cal-

ibration standards was accepted. Subsequently, the determined

linear regression formula was used to measure concentrations of

QC and unknown cell samples after integration of the olaparib peak

area on the corresponding chromatogram.

2.6.5. Precision and accuracy

QC samples were used to assess the precision and the accu-

racy of the method. Each QC sample was processed in a quintuple

analysis in  four analytical runs on four separate days. The relative

standard deviation (RSD) was calculated to determine the within

day precision (repeatability) and the between day precision (repro-

ducibility). The deviation of  the mean measured concentration from

the nominal value in percentage (bias%) was calculated to deter-

mine the within and between day accuracies.

2.6.6. Limit of quantification and limit of detection

The sensitivity was evaluated by determining the limit of quan-

tification (LOQ), defined as the lowest concentration of the standard

curve that can be measured with acceptable inter- and intra-day

precisions and accuracies. RSD values lower than 20% and bias

values within ±20% were considered acceptable for precision and

accuracy, respectively.

The limit of detection (LOD) is defined as the lowest con-

centration of a compound that an  analytical process can reliably

differentiate from background level. LOD was determined by visual

evaluation of chromatograms of  standards on which olaparib could

be reliably detected.

2.6.7. Stability

The stability of olaparib in  acetonitrile was  investigated in  QC-

low and QC-high samples stored in HPLC glass vials. Quadruplicate

analysis of  these samples was performed after storage at room tem-

perature (20 ◦C)  for 24 h after thawing, three freeze-thaw cycles

(thawing at room temperature during 12 h and freezing again at

−20 ◦C for at least one day), and storage at −20 ◦C for one month.

2.7. Method applicability: determination of intracellular

concentrations of olaparib in SUM1315 cells

SUM1315 cells were seeded at a density of 250 000 cells/mL 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 �M olaparib. For each experiment, the required volume

of a  50 mM  olaparib stock solution was added so that the final

DMSO concentration remained always constant i.e. 0.1%. In parallel,

untreated cells were cultured as  control. The intracellular concen-

tration of  olaparib in SUM1315 cells was  evaluated after 1 and 3 h

of 50 �M olaparib exposures. After each incubation time, the cul-

ture medium was removed. 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 × 3 s). After centrifugation

of the samples at 4 ◦C (350 g,  10 min), the supernatant was filtered

through a  0.45 �m PVDF membrane filter and pipetted into a  1 mL

autosampler vial for injection. The intracellular concentration of

olaparib in  cells was subsequently determined by HPLC-UV anal-

ysis. All experiments were performed in  triplicate (n  =  3) and each

sample was  analyzed three times. Statistical analyses were per-

formed with Microsoft Excel using a two-sided Student’s t-test with

p < 0.05 considered significant.

3. Results and discussion

3.1. Method development

The aim of the present study was to  develop and validate a

simple and sensitive reversed-phase HPLC method with UV-DAD

detection for quantitation of  intracellular PARP inhibitor levels.

Starting from cells in culture flasks, the method reported herein

relies on a  straightforward sample pretreatment. For each cell sam-

ple, the culture medium was first removed and a wash step was

performed in ice cold PBS in  order to avoid disturbance in drug

equilibrium. Indeed, the low temperature limits active transport of

intracellular drug out of the cells during pretreatment. By analyz-

ing the washing solution by HPLC, it was  shown that a  single wash

was not sufficient to ensure the total elimination of the remaining

extracellular drug in  the culture medium and on the cell surface.

For each sample, the wash was  repeated twice with 2 mL of  PBS,

a volume which was  kept minimal but was sufficient to  cover the

whole surface of the flask.

With the goal of  developing an assay with limited manipu-

lations, the next step implied to identify an organic solvent or

a solvent mixture adapted to (i) lyse the cells when associated

to sonication, (ii) solubilize intracellular olaparib, and (iii) allow

precipitated proteins and cell debris to be easily eliminated by  cen-

trifugation. Acetonitrile and methanol were tested pure and as  a

50/50 (v/v) mixture. A volume of 2 mL  was  chosen. Each trial gave

a different result regarding cell structure. Indeed, after a very short

time in contact with the cells, it was  found by  optical microscopy

examination that pure methanol and the acetonitrile/methanol

mixture led to fixation of the cells. Acetonitrile gave satisfactory

results and was  therefore chosen for this critical step. Subsequently,
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Fig. 2. UV absorption spectrum of olaparib (the black arrow indicates 254 nm,  the

wavelength used to  monitor olaparib).

a simple filtration of the supernatant through PVDF membrane fil-

ters directly in HPLC vials provided the samples to be analyzed.

A volume of 2  mL  chosen after flask surface consideration allowed

samples to be sufficiently concentrated for HPLC-UV detection, thus

avoiding concentrating and reconstitution steps before analysis.

HPLC injectable samples were obtained from cell cultures after a

short time and a  limited number of steps.

With regards to the chromatographic conditions, a usual UV-

DAD detection system and standard chromatography elution

conditions were employed with a  general purpose Nova-Pak
®

C18

column equipped with an additional Nova-Pak
®

guard column. A

water-acetonitrile mobile phase with a gradient elution was  tested.

The gradient was optimized by varying the acetonitrile percentage

in the initial mobile phase from 5 to 20% and the gradient slope.

A low 5% acetonitrile starting mobile phase with a slow increase

to 35% over 13 min  was  necessary for olaparib to be sufficiently

retained on the column while keeping a  reasonably short reten-

tion time. The choice of  the detection wavelength was  crucial for

the sensitivity and selectivity of the method. A compromise was

found and the detection wavelength was set to  254  nm,  which

corresponds to a  maximum on the UV absorption spectrum of  ola-

parib (Fig. 2). Although a  better sensitivity could have been reached

at a lower wavelength, too many peaks from co-eluting endoge-

nous substances were observed when recording chromatograms at

210 nm for selectivity assessment.

The use of acetonitrile during the sample pretreatment offers

the opportunity of a small volume direct injection in  the chromato-

graphic system. Initially, broad peaks were observed even with

injection volumes as low as 5 �L. Therefore, the influence of two

parameters was  investigated to optimize peak shapes: the mobile

phase flow rate was  tested at 0.8 and 1.2 mL/min, and different tem-

peratures of the column oven were applied, every 5 ◦C from 25 to

45 ◦C. Eventually, sharp and symmetric peaks were obtained with

the following optimal conditions: 1.2 mL/min for the mobile phase

flow rate and 35 ◦C for the oven temperature. In these optimized

chromatographic conditions, olaparib was  detected at a  retention

time of 10.1 min, for a  28 min  total run time, including the column

equilibration delay.

3.2. Method validation

3.2.1. Selectivity and carry over effect

Control SUM1315 cell samples processed without olaparib were

analyzed under the chosen optimized chromatographic conditions

to investigate the selectivity of the method. The chromatograms

showed several peaks from endogenous substances but revealed

no interference at the retention time of olaparib (10.1 min),

indicating that the described method is selective. Typical HPLC

chromatograms of a control cell sample processed without ola-

parib, a  blank sample of gradient grade acetonitrile, a  standard

solution of olaparib in acetonitrile, and a  QC-high sample are  shown

on Fig. 3a–d, respectively. The control cell sample chromatogram

(Fig. 3a) showed peaks of  substances eluting before or after olaparib

but no peak was observed at 10.1 min. The blank sample chro-

matogram (Fig. 3b) showed no peak and a  flat baseline, and finally

a well resolved peak with symmetrical shape corresponding to ola-

parib appears at 10.1 min  on both chromatograms 3c and 3d. For

each sample in  which olaparib was  detected, the UV-DAD detector

was used to  assess the purity of the peak at 10.1 min  by compar-

ing the corresponding UV absorption spectrum (210–400 nm) with

that obtained with a  standard sample of  olaparib. A  perfect match

was observed for each sample, which also indicates a good selec-

tivity. A typical HPLC chromatogram of  a  cell sample treated with

Fig. 3. Typical HPLC chromatograms of a control cell sample (a), a blank sample (b), a  standard solution of  olaparib in acetonitrile (1800 ng/mL) (c), and a QC-high sample (d).
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Fig. 4. Typical HPLC chromatogram of a  cell sample treated with olaparib 50 �M for

3 h.

Table 1
Recovery (%)  of olaparib.

Concentration (ng/mL) Recoverya(%)

QC-low (300 ng/mL) 99.0 ± 8.5

QC-mid (800 ng/mL) 99.7 ± 3.7

QC-high (1800 ng/mL) 101.2 ± 3.3

a Mean ±  standard deviation, n  = 12.

olaparib 50 �M for 3 h is shown on Fig. 4,  with the correspond-

ing well resolved peak appearing at 10.1 min. No carry-over effect

was observed when blank samples were analyzed after QC-high

samples injections.

3.2.2. Recovery

The recoveries of  QC samples over the sample preparation pro-

cess were calculated as the %  ratio of  olaparib peak area from

processed QC samples and unprocessed standard solutions in

acetonitrile. Percentages are shown in  Table 1.  Recoveries were

quantitative at QC-low, QC-mid and QC-high levels. As no ana-

lyte losses were involved in  our sample preparation, the use of

internal standard was not necessary. Moreover, representative

chromatograms of a standard solution of olaparib in  acetonitrile

(Fig. 3c) and a QC-high sample (Fig. 3d) presented the same pro-

file. These results proved the relevance of using olaparib standard

solutions in  acetonitrile to construct calibration curves.

3.2.3. Calibration curves

The linearity of the method was then evaluated. Olaparib

standard solutions in  acetonitrile over the 200–2000 ng/mL con-

centration range were used to construct calibration curves, as

quantitative recoveries were obtained with QC  samples over

the 300–1800 ng/mL concentration range. Linear relationships

were established from olaparib standard solutions over the

200–2000 ng/mL concentration range, by  plotting the olaparib peak

area versus the corresponding concentration in  ng/mL. Concentra-

tions of all standards were back calculated from the olaparib peak

area using the calibration curve in which they were included. In

every case, deviations within ±15% of  the nominal concentration

were found (±20% at the LOQ, defined as the lowest concentra-

tion of the standard curve that can be measured with acceptable

inter- and intra-day precisions and accuracies). The average regres-

sion parameters of  the linear regression function (n  =  4) were

y =  0.0050(±0.0002)x +  0.41 (±0.13). All  calibration curves had cor-

relation coefficient (r2) of  0.997 or better. For  the method described

herein, the LOD was  defined as 50 ng/mL. Visual evaluation of stan-

dards chromatograms on which olaparib could be  reliably detected

and distinguished from the background noise was  chosen among

other accepted approaches for the determination of  the LOD. The

sensitivity of  the method was evaluated by LOQ determination. For

the current assay, the LOQ for olaparib was set to  200 ng/mL, the

lowest concentration that could be measured with acceptable pre-

cisions and accuracies following international recommendations.

Lower values of LOQ were previously reported for the quantita-

tion of olaparib but only LC–MS/MS methods were employed for

such measurements, in cell culture medium, plasma, and tumor

and brain homogenates [19,20,22,23]. With a  LOQ of 200 ng/mL,

the current HPLC-UV was sufficiently sensitive and was success-

fully applied to  the intracellular olaparib level determination in

SUM1315 cells after various treatment times. The 254 nm detection

wavelength was  indeed chosen during the method development

as a compromise to obtain sufficient sensitivity while keeping an

excellent selectivity.

3.2.4. Precision and accuracy

Precision and accuracy of the current method were evaluated

using three QC samples at concentrations ranging from 300 to

1800 ng/mL. Samples were processed in  a  quintuple analysis in

four analytical runs on four separate days. Precision and accuracy

values are summarized in Table 2.  The within- and between-day

precisions, expressed as RSD (%), were below 11% at all QC levels.

Similarly, the within- and between-day accuracies, expressed as

bias (%), were below 13% at all QC  levels. Precision and accuracy

therefore met  the ±15% required for method validation by the U.S.

Food and Drug Administration [28].

3.2.5. Stability

Stability studies were also performed to  ensure good repro-

ducibility of the method. The stability of olaparib in acetonitrile

was evaluated in different conditions on high and low QC samples.

Tested conditions included short-term room temperature and long-

term low temperature storage. For  short-term stability, QC samples

were thawed and kept for 24 h at room temperature before analy-

sis. Long-term stability was  evaluated after a  30-day storage period

at −20 ◦C.  Finally, data obtained after three freeze-thaw cycles was

also collected. Results are shown in Table 3.  No variation higher

that 8.4% or 3.2% of  the initial measured concentration was found

for QC-low and QC-high samples, respectively. Hence, these results

indicated that no stability issue would be expected after short or

long term storage of  the samples for quantification studies.

Table 2
Within and between day precision and accuracy of the HPLC analytical method, expressed as RSD and bias percentages, respectively.

Within daya Between dayb

Nominal concentration

(ng/mL)

Experimental

concentration (ng/mL)

RSD (%)  Bias (%) Experimental

concentration (ng/mL)

RSD (%)  Bias (%)

300 315 ± 18 5.71 4.84 288 ± 21 7.18 −4.06

800 789 ± 19 2.40 −1.38  765 ± 45 5.92 −4.35

1800 1737 ± 34 1.97 −3.53  1762 ± 101 5.74 −2.09

a Mean ±  standard deviation, n  = 5.
b Mean ±  standard deviation, n  = 20.
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Table 3
Stability of olaparib in acetonitrile (percentages of the initial measured

concentration).

Condition QC-lowa(%)  QC-higha(%)

24 h at ambient 108.4 ± 7.5 96.8  ± 3.6

3 freeze/thaw cycles 95.0 ± 3.0 101.3 ± 1.7

1 month at −20 ◦C  93.3 ± 5.3 97.0 ± 1.8

a Mean ± standard deviation, n =  4.

Fig. 5. Intracellular olaparib concentrations in SUM1315 cells treated with 50 �M

olaparib for 1 and 3 h  (n = 3).

4. Method applicability

The described method was developed to assess the intracellular

level of  a PARP inhibitor in cultured cells. A suitable sensitivity for

standard cell culture conditions was achieved while limiting the

number of steps during the sample pretreatment, namely culture

medium removal, repeated wash step in  ice-cold PBS, solubiliza-

tion and sonication in acetonitrile, centrifugation for precipitated

proteins elimination, and PVDF membrane filtration. Notably, no

time-consuming sample concentration by solvent evaporation and

subsequent reconstitution step are  required. The described method

was then used to determine the intracellular concentration of ola-

parib, a  clinically relevant PARP inhibitor, in SUM1315 breast cancer

cells after a 50 �M treatment. Olaparib was detected in cell samples

and the corresponding peak was integrated for quantitative analy-

sis (Fig. 4). Results, expressed in ng/total cell number, are shown in

Fig. 5.  Olaparib level in cells increased significantly (p  <  0.05) from

1 to 3 h, which is in accordance with previous results [14]. There-

fore, the described method allowed the monitoring of  intracellular

level of olaparib over time. Such data will be of great interest when

considering the optimization of PARP inhibitor-based treatment

efficacy.

5. Conclusion

In the present report, a  simple, selective and sensitive reversed-

phase HPLC method with UV detection was developed for

determining PARP inhibitors intracellular concentration, and val-

idated according to internationally accepted recommendations for

bioassay validation. Importantly, the equipment required is readily

available and much less expensive than other quantitative tech-

niques such as tandem mass spectrometry. The proposed method

has also the advantages of being straightforward and rapid, so that

it was successfully applied to the quantitation of intracellular PARP

inhibitor olaparib in SUM1315 breast cancer cells at various times

of treatment. This analytical method could be extended to other

cell  lines and other PARP inhibitors to obtain valuable data for the

successful prediction of drug efficiency in cancer treatment.
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Abstract 
The Triple Negative “Basal-like” breast cancer (TNBL) tumours have a high 
proliferative capacity and develop a resistance phenotype associated with me-
tastases. However, the management of TNBL carcinomas is still not standar-
dized. Among the promising trails, gold nanoparticles could be a relevant
tool for the development of a targeted treatment for this breast cancer sub-
type in monotherapy, associated and/or conjugated with other drugs. In this 
work, we report the cytotoxicity impact of gold nanoparticles wrapped in
Poly-Ethylene Glycol (PEG) on the TNBL HCC-1937 breast cancer cell line.
PEG-coated gold nanoparticles (PEG-Au NPs) were synthesized by a two-step 
method using a reduction process followed by a post-functionalization called 
PEGylation. PEG-Au NPs were characterized using transmission electron mi-
croscopy and X-ray diffraction. The gold content of the samples was determined 
using atomic absorption spectrometer. The cytotoxicity tests were performed
using Sulforhodamine B survival test and resazurin viability test. PEG-Au
NPs impact analysis on HCC1937 TNBL cell line showed a clear toxic action 
of type dose dependent and at long term. These PEGylated gold nanopar-
ticles present a promising tool for the development of tumor-specific radi-
osensitizing vectors, with or without the association of other treatment strate-
gies. 
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1. Introduction 

Gold nanoparticles (GNPs) are promising candidates in the field of medicine for 
the treatment of illnesses such as Alzheimer’s [1], vascular [2], skin [3], sclerosis 
[4] and cancer [5]. Gold nanoparticles exhibit tunable physical properties mak-
ing them ideal for developing diagnostic tools [6] [7] [8] [9] or therapeutic 
treatments using photothermal effect [10]-[15]. Gold nanocomposites can also 
act as radiosensitizer [16] [17] [18] [19] [20] in order to avoid collateral damages 
induced by the use of radiotherapy. Gold nanoparticles can also be defined as 
theranostic tools by combining diagnostic and therapeutic actions [21] [22] [23] 
[24] [25]. The use of gold nanoparticles to try to cure cancer is a very active field 
of research. With this nanomedicine strategy, gold nanoparticles are defined to 
target tumorous cells and minimize side effects [26] [27], to enhance conventional 
therapies [28] [29] or to develop new diagnostic and therapeutic devices [30] 
[31]. Despite recent advances in the treatment of cancers, cancer therapy is still a 
great challenge for the research in nanomedicine. The Triple Negative “Basal-like” 
breast cancer (TNBL) tumors are particularly aggressive and of poor prognosis. 
They constitute 70% of the basal-like tumor subtype and 15% of all breast cancers. 
They are characterized by the non-expression of estrogen receptors (ER) and proge-
sterone receptors (PR), and the absence of HER2 over-expression or ERBB-2 am-
plification [32] [33] [34]. TNBL tumours have a high proliferative capacity and may 
respond well to neoadjuvant chemotherapy or develop a resistance phenotype as-
sociated with metastases. More, due to their properties, these tumours do not re-
spond to targeted hormonal therapies. Consequently, many targeted therapies us-
ing inhibitors of poly (ADP-ribose) polymerase (PARP) or anti-EGFR monoclonal 
antibodies or combined therapies like anti-EGFR monoclonal antibodies/EGFR 
tyrosine kinase inhibitors or chemotherapy/radiotherapy are currently in devel-
opment [35] [36] [37] [38] [39]. However, the management of TNBL carcinomas 
is still not standardized. Among these promising trails, gold nanoparticles could 
be a relevant tool for the development of a targeted treatment for this breast can-
cer subtype in monotherapy, associated and/or conjugated with other drugs [40]. 
In this context, these works were focused on the cytotoxicity impact of gold na-
noparticles wrapped in Poly-Ethylene Glycol (PEG), on the TNBL HCC-1937 breast 
cancer cell line.  

2. Experimental 
2.1. Synthesis of PEG-Coated Gold Nanoparticles (PEG-Au NPs)  

Before the experiment, all the glassware was carefully cleaned using aqua regia 
(mixture of concentrated nitric and hydrochloric acid in 1:3 volume ratio) and 
rinsed with ultra-pure water (18 MΩ.cm), blown dried with nitrogen and stored 
at 110˚C. The starting solution is obtained by dissolving the designated amount 
of hydrogen tetrachloroaurate (III) hydrate (HAuCl4, xH2O) purchased from Sig-
ma Aldrich to reach suitable gold concentration. Gold nanoparticles in suspen-
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sion were synthesized using a two step method. First, reduction of hydrogen te-
trachloroaurate (III) precursor species was carried out using sodium borohydride 
under vigorous stirring for 15 minutes at room temperature; gold metal nano-cores 
were obtained. Secondly, gold nanoparticles surface were post functionalized using 
thiol-terminated poly(ethylene) glycol (HS-PEG, of MW 5000 from Sigma Aldrich). 
After this so called PEGylation step, red ruby, stable gold nanoparticles suspen-
sions are obtained. 

2.2. Gold Nanoparticles Characterization 
2.2.1. Transmission Electron Microscopy (TEM) 
A Hitachi transmission electron microscope (H7650) was used for morphologi-
cal characterization. 

2.2.2. X-Ray Diffraction (XRD) 
The crystalline structure of the gold nanoparticles was determined using a Bruk-
er D2 Phaser diffractometer. The operating parameters are listed in Table 1.  

2.2.3. Atomic Absorption Spectroscopy (AAS) 
The gold content of the samples was determined using an AA 7000 atomic absorp-
tion spectrometer (Shimadzu) with gold hollow-cathode lamp. All analyses were 
performed at a wavelength of 242.8 nm using 0.7 nm slit width. Before the expe-
riments, the machine was calibrated using a gold standard for AAS (Sigma Al-
drich) at 1000 ppm in 5% HCl. Calibration line was performed using thirteen diluted 
standard solutions prepared in 5 % HCl suitable for trace analysis and high-purity 
water, 18.2 MΩ, ranging from 0.01 to 20 ppm, respectively. 

2.3. Cell Culture 

The HCC1937 TNBL breast cancer cell line (ATCC®) was maintained in RPMI 
1640 medium (Gibco®), supplemented with 10% decomplemented fetal calf se-
rum and 20 mg/mL gentamycin, in 75 cm2 culture dishes (Falcon®) at 37˚C un-
der 5% CO2, according to supplier’s instructions [41]. For cytotoxicity tests, cells 
were detached by trypsinisation, counted with the trypan blue exclusion test, and 
seeded in 96-well microplates (Falcon®), at a concentration of 2000 per well in 
100 μL of medium. Cells were then treated with 100 μL of increasing concentra-
tions of PEG-Au NPs (2, 4, 7, 14 and 25 μM) diluted in the culture medium, for 
one to seven days. Bright field microscopy observations as well as viability tests 
(Sulforhodamine B test and resazurin test) of treated and untreated wells al-
lowed the determination of nanoparticles’ cytotoxicity.  

Table 1. Operating parameters of XRD apparatus. 

radiation tube voltage tube current scanning range (2θ) 
scanning speed time constant spinning speed 

CuKα1 
λ = 1.5406 Å 30 kV 10 mA 30˚ to 80˚ 

0.24 ˚/min 5 seconds 15˚/min. 
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2.4. Cytotoxicity Tests 
2.4.1. Sulforhodamine B Survival Test 
Sulforhodamine B (SRB) is an anionic dye that binds electrostatically to cellular 
proteins, reflecting indirectly the number of living cells in the wells. Its absor-
bance peak is at 540 nm. After each treatment period (from Day 1 to Day 7) cells 
were fixed with 50 μL of a 50% (weight/volume) trichloroacetic acid (TCA) solu-
tion added to each well for 1 hour at 4˚C. Plates were then washed, dried, and 50 
μL of a 0.4% (w/v) solution of SRB in 1% (v/v) acetic acid was added to each 
well. After 15 minutes of incubation at room temperature, plates were washed 
with 1% acetic acid solution and dried. 200 μL of a 10 mM tris-base buffer solu-
tion was finally added to the wells for dye solubilisation and plates were stirred 
for 30 min. The optical density (OD) of each well was determined at 540 nm us-
ing a microplate reader (VWR Multiskan FC®). Cell survival ratio was calculated 
by the following formula: cell survival (%) = (Mean (OD λ540 nm) of treated wells/ 
Mean (OD λ540 nm) of untreated control wells) × 100.  

2.4.2. Resazurin Viability Test 
Resazurin test is a colorimetric metabolic assay based on the reduction of resa-
zurin into resorufin by metabolically active cells. Resorufin is a fluorescent dye 
exhibiting a pink colouring. After a time of incubation with resazurin, the amount 
of resorufin formed is proportional to the number of living cells in the wells. For 
these experiments, after each treatment period (from Day 1 to Day 7), medium 
was removed from the plates and cells were incubated with 100 μL of 60 μM resa-
zurin diluted in PBS*, for 4 hours. Optical density (OD) of resorufin and resazurin 
were measured at 570 and 620 nm, respectively with a microplate reader (VWR 
Multiskan FC®). The corrected OD of resorufin was calculated as follows: (OD re-
so corr) = ((OD) λ570 nm − (OD) λ62 0nm.) Then, the percentage of cell survival was 
obtained with the following formula: Cell survival (%) = (Mean (OD reso corr) 
of treated wells/Mean (OD reso corr) of untreated control wells) × 100.  

The half maximal inhibitory concentration (IC50) was calculated with the fol-
lowing formula, IC50 = EXP (LN (concentration > 50% inhibition) − ((signal > 50% 
inhibition − 50)/(signal > 50% inhibition − signal < 50% inhibition)*LN (concen-
tration >50% inhibition/concentration < 50% inhibition))) (1) [42]. 

2.5. Statistical Analysis 

Cytotoxicity results were expressed as means ± standard error of n independent 
experiments. All experiments were performed at least in triplicate and then sta-
tistically compared using a Student’s t-test. Tests were two-sided and the nomin-
al level of significance was p < 0.05 (*), p < 0.01 (**), p < 0.001 (***), p < 0.0001 
(****) and p < 0.00001 (*****).  

3. Results and Discussion 
3.1. Gold Nanoparticles in Suspension 

The TEM images of the synthesized gold nanoparticles in suspension are shown  
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Figure 1. (a) Functionalization of Au NPs with PEG-SH; (b) High transmission electron 
microscopy images of PEG-coated gold nanoparticles suspensions (PEG-Au NPs); (c) 
Photo of PEG-coated gold nanoparticles suspensions (PEG-Au NPs) in the beaker.  

in Figure 1. 
(PEG-Au NPs) pictures exhibited a quasi-spherical shape, with some aggre-

gates. Taking into account this spherical geometry, the average core diameters of 
PEG-coated gold nanoparticles are found to be 7 nm. PEG-coated gold nanopar-
ticles are synthesized using sodium borohydride as a strong reducing reagent. The 
PEG-coating of the gold nanoparticles, also known as pegylation, is dedicated to im-
prove the residence in body [43] and to protect the nanoparticles from the immune 
system [44]. 

3.2. X-Ray Diffraction Analysis 

XRD pattern of the analyzed gold nanopowder is presented in Figure 2. Intense 
peaks, relative to Bragg’s reflections, could be indexed considering the face-centered 
cubic gold structure. No diffractions due to crystallographic impurities were found. 
A strong diffraction peak located at 38.7˚ was ascribed to the (111) facets of the 
gold face-centered cubic structure. The other diffraction peaks relative to (200) 
(220) and (311) facets were much weaker. The broadening of Bragg’s peaks indi-
cates the formation of nanoparticles. The mean size of gold nanoparticles was 
calculated using the Debye Scherrer’s equation by determining the width of the 
(111) Bragg reflection. The crystallite size, D, is evaluated by measuring the width 
of the curves produced and using the Scherrer Formula (2): 

0.9*
cos

D �
� �

�                           (2) 

where λ is the wavelength of the Cu K α1 line in Å, β is the full-width at half max 
(FWHM) of the peak. The size of the crystallites was found and is approximately  
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Figure 2. XRD spectrum of the gold nanopowder, the principal Bragg reflections are in-
dexed. 

 
Figure 3. Calibration line was obtained by assaying thirteen diluted standard solutions rang-
ing from 0.01 to 20 ppm, respectively. 

8 nm for gold nanopowder. This result is in good agreement with the average core 
diameter of 7 nm previously found. 

3.3. Atomic Absorption Spectroscopy (AAS) 

The calibration line for gold assay is presented in Figure 3. This calibration line 
was made by assaying thirteen diluted standard solutions ranging from 0.01 to 20 
ppm, respectively. The calibration coefficient (r2) obtained from the calibration 
line was 0.9987. 
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We measured the gold nanoparticles suspensions using the 5% HCl solution 
to dilute the suspension. The gold concentration in our samples is 19.5 ppm. 

3.4. PEG-Au NPs Cytotoxicity Analysis on HCC1937 TNBL Cell Line 

The action of increasing concentrations of PEG-Au nanoparticles (2 to 25 μM) 
was studied on the Triple-Negative Basal-Like breast cancer cell line HCC1937, 
during seven days. For this, i) SRB cell survival test coupled to cell microscopy 
analyses and ii) cell viability via resazurin test were performed. 

The rate of HCC1937 TNBL cell viability via Sulforhodamine B quantitative 
survival test was performed in order to quantify PEG-Au NPs toxicity on this breast 
cancer cell line. For this, after each treatment period, the absorbance of the Sul-
forhodamine B dye fixed in each well was quantified and allowed the calculation 
of the percentage of cell survival compared to untreated cells presented in Fig-
ure 4.  

Control cells treated with PEG alone showed no difference in cell survival 
compared to untreated cells (data not shown). After two days of treatment with 
2 and 4 μM of nanoparticles, cell survival was respectively of 108% ± 2% and 
109% ± 2% =. Then, after 5 days, it decreased to 82% ± 1% with 2 μM and to 61% 
± 2% with 4 μM (p < 0.00001 and p < 0.00001 respectively), and remained stable 
until 7 days with 85% ± 1% with 2 μM, (p = 0.80) and 59% ± 3% with 4 μM (p = 
0.25). Cell survival ratio of HCC1937 cell line treated with 7 μM nanoparticles 
was of 98% ± 2% after one day of treatment, and decreased significantly to 39% 
± 1% (p < 0.00001) and 28% ± 2% (p < 0.00001) after 5 and 7 days of treatment, 
respectively. Then, with higher nanoparticles concentrations (14 and 25 μM), 
cell survival was of 96% ± 1% and 89% ± 1% after one day of treatment, and 

 
Figure 4. Mean percentage of HCC1937 cells viability determined with the Sulforhoda-
mine B test after 1 to 7 days of treatment with increasing concentrations of PEG-Au NPs, 
(***** = p < 0.00001, bars on plots = standard errors). 
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dropped dramatically to 20% ± 0.7% (p < 0.00001) and 13% ± 0.4% (p < 0.00001) 
after 5 days of treatment. Then, it continued to decrease until 7 days of treatment, 
with survival rates of 10% ± 0.4% (p < 0.00001) and 6% ± 0.2% (p < 0.00001) for 
14 and 25 μM of nanoparticles, respectively. All these results showed that 
PEG-Au NPs toxicity on HCC1937 cell line was both dose and time-dependent. 
In addition, microscopy analyses presented in Figure 5 showed clearly detached 
cells after treatment with 25 μM PEG-Au nanoparticles for seven days (Figure 
5(b)) compared to controls (Figure 5(a)), in which cells have reached the con-
fluence.  

Then, the resazurin viability test involving the reduction of resazurin into re-
sorufin by metabolically active cells was performed. The percentages of cell via-
bility after treatment with increasing concentrations of PEG-Au NPs were cal-
culated by the ratio of metabolic activity of untreated cells, after 1 to 7 days of 
treatment, see Figure 6. Similarly to SRB test, control cells with PEG alone were 

 
Figure 5. Bright field observations of HCC1937 cells after seven days of incubation (a) 
without treatment and (b) after treatment with 25 μM PEG-Au NPs. 

 
Figure 6. Mean percentage of viability of HCC1937 cells treated for 1 to 7 days with in-
creasing concentrations of PEG-Au NPs (resazurin test), (bars on plots = standard er-
rors). 
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performed, and toxicity was not noted compared to untreated cells (Data is not 
shown). Then, after a treatment with 2 μM of nanoparticles, cell viability was of 
102% ± 1% at day 1, and remained stable until the end of the treatment with 
99% ± 1% at day 7 (p = 0.28). A slight decrease in cell viability was detected after 
3 days of treatment with 4 μM (92% ± 1%, p < 0.01), which remained stable until 
seven days (96% ± 1%, p = 0.79). After a treatment with 7 μM of nanoparticles, 
cell viability was of 96% ± 1% after one day, decreased significantly to 78% ± 2% 
(p < 0.00001) after 4 days, and remained stable until the seventh day (75% ± 3%, 
p = 0.54). In contrast, with a higher nanoparticles concentration of 14 μM, cell 
viability dropped from 91% ± 1% after one day to 48% ± 3% after 4 days (p < 
0.00001), remained relatively stable until the sixth day (41% ± 3%, p = 0.09) and 
decreased at day 7 (27% ± 2%, p < 0.01). Finally, the highest nanoparticles concen-
tration of 25 μM induced a dramatic decrease in cell viability from 84% ± 1% at day 
1, to 35% ± 1% at day 4 (p < 0.00001), and to 19% ± 2% at day 7 (p < 0.00001). 
Similarly to SRB results, these results showed a clear dose and time-dependent 
toxicity of PEG-Au NPs nanoparticles on HCC1937 breast cancer cell line.  

4. Discussion 

PEG-Au NPs impact analysis on HCC1937 TNBL cell line showed a clear toxic 
action of type dose dependent and at long term. Indeed, TNBL cells mortality 
increased by the time, with IC50 (SRB test) of 9 μM at day 4 and of 5 μM at day 7. 
Similarly, IC50 (Resazurin test) was of 12 μM at day 4 and decreased to 10 μM at 
day 7. The variability between SRB survival test and resazurin viability test can 
be explained by a difference in sensibility thresholds due to the inner mechanism 
of both tests. Nevertheless, these two assays described the same toxicity profile of 
PEG-Au NPs nanoparticles on HCC1937 cell line, probably correlated with na-
noparticles accumulation in cells.  

Similarly, in previous in vitro and in vivo studies, gold nanoparticles have been 
used as tool both to detect and to treat breast cancer [45]. Indeed, the mostly used 
strategies were the ones coupling the hyperthermia effect with selective functio-
nalization systems to optimize the cytotoxicity [46]. In general, gold nanoparticles 
cytotoxicity effect is mainly related to gold nanoparticle’s concentration, time of 
exposure, and nanoparticle’s size. Therefore, it would be relevant to analyse these 
different parameters on models of breast cancer cell cultures that mimic more faith-
fully the shape of tumors as 3D cell culture. Indeed, in comparison to monolayer 
cell culture, a systematic lowered sensitivity was detected for 3D cell culture in 
response to various cytotoxic drugs, probably due to 3D cellular heterogeneity 
and/or resistance phenotypes [47]. These studies are currently underway. 

5. Conclusion 

PEG-Au NPs were synthesized using a two-step method using a reduction process 
followed by a post-functionalization called PEGylation. Stable gold nanoparticles 
in suspension, suitable for biological experiments, with a gold concentration of 
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19.5 ppm, are obtained. The two cytotoxicity tests described the same PEG-Au NPs 
nanoparticles toxicity profile of type dose and time dependent on HCC1937 cell 
line, probably correlated with nanoparticles accumulation in cells. These works 
open the way to further experiments aiming to determine the PEG Au NPs up-
take and intracellular localisation in TNBL cell line models.  
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