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Introduction: Breast cancer is the most common cancer among women worldwide. Primary culture methods play a 
pivotal role in understanding cancer’s heterogeneity. Improving experimental conditions is essential for advancements 
in treatment. This study aims to compare two different isolation methods for primary culture derived from breast 
cancer patient tissues.
Methods: Breast tissues surgically excised from breast cancer patients were cultured under sterile conditions using 
explant culture and enzymatic digestion. In the explant culture group, parallel lines were drawn in the wells to examine 
cell adhesion, while the effect of collagen on cells was assessed by coating the wells and evaluating them on days 0, 5, 
and 10. Enzymatic digestion was analyzed using two different methods: short-term and long-term. The morphology 
of cultured cells was examined under an inverted microscope.
Results: Long-term enzymatic digestion resulted in better cell adhesion and proliferation compared to short-term, 
leading to higher cell counts and more fibroblast-like morphology. However, explant culture yielded the best results 
in terms of cell count and morphology for both tissues. The cells in explant cultures exhibited epithelioid morphology 
from day 5 onward, maintaining this characteristic through day 10. Additionally, no significant effects were observed 
on collagen-coated surfaces in our study.
Discussion and Conclusion: The findings highlight the importance of selecting appropriate primary culture methods 
in breast cancer research. While long-term enzymatic digestion improves proliferation, explant culture remains the 
superior approach for preserving cell morphology and mimicking the tumor microenvironment. Optimizing culture 
techniques is essential for enhancing translational cancer research and advancing therapies.
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Cancer is defined as the formation of abnormal cell 
clusters that differ from normal cells in terms of genetic 

mutations, morphology, and behavior.[1] Breast cancer is 
the most common cancer type among women globally 
and a leading cause of cancer-related mortality.[2]

The breast cancer microenvironment comprises local 
factors, cancer cells, immune cells, and stromal cells from 
both local and distant tissues.[3] The interaction between 
cancer cells and their microenvironment plays a critical role 
in tumor proliferation, spread, and response to treatment.[2] 
The tumor microenvironment, influenced by extracellular 
matrix components such as collagen, plays a critical role in 
cell attachment and proliferation. 

Breast cancer is a heterogeneous disease that exhibits 
significant variability both between patients and within a 
tumor. [4] Thus, selecting a model that accurately reflects the 
tumor system is one of the challenges of cancer research.
[5] Currently, in vitro and in vivo models are valuable tools 
for developing cancer therapies and investigating the 
molecular mechanisms of tumor growth and metastasis. 
While there is no universally ideal cancer model, these 
models serve the transition from laboratory research to 
clinical application.

In the context of in vitro studies, most research relies on 
cancer cell lines; however, these cells exhibit genetic or 
phenotypic differences from the original tumor.[6] Many 
of these cell lines, such as MCF-7 and MDA-MB-231, are 
derived from metastatic sites rather than primary tumors 
and their use in studying the onset and progression of 
breast cancer may be limited, as they may not fully capture 
the tumor biology seen in primary lesions.[7] In vivo animal 
models are another commonly used tool and they have 
various advantages/ disadvantages. Patient-derived 
primary cultures offer a relevant approach for studying 
tumor biology, making the selection of an optimal isolation 
method crucial.

Primary cancer cells serve as powerful tools for investigating 
cancer biology, gene expression, or amplification. 
Since primary cells maintain genetic stability, normal 
morphology, and essential cellular functions, they can 
provide biologically relevant representations of complex 
cellular processes that cannot be achieved using cell 
lines. Consequently, primary cell culture remains the 
gold standard in vitro model and is widely advocated 
for research. Moreover, the ability of primary cultures to 
preserve the stem-like phenotype of cancer cells offers a 
significant advantage, particularly in preclinical stages of 
drug resistance research.[8]

The concept of "personalized medicine" has become widely 
recognized in cancer treatment.[9] At this point, primary 
human breast cancer cultures serve as valuable tools for 
investigating various aspects of cancer biology. These 
intercellular behaviors play a crucial role in carcinogenesis, 
progression, metastasis and are also involved in responses 
to treatments.[10] Primary cells directly isolated from tissues 
are considered more suitable for studying human and 
animal biology.[6]

The organization of epithelial cells plays a crucial role in 
the development and sustainability of primary tumor 
cultures, as it influences their characteristics and responses 
to treatments. Epithelial cells are key components of 
the tumor microenvironment, contributing to tumor 
progression through cell signaling and interactions 
with stromal elements. Another important aspect of 
the primary culture phase is separating tumor cells 
from the remaining non-malignant cells, including 
tumor-associated fibroblasts, immune cells, and 
blood vessels.[11] Diverse enzymes such as trypsin and 
hyaluronidase are commonly used for these steps.
[12] However, the use of these enzymes will also affect 
epithelial cells, which are sensitive to them. As noted in the 
study, enzymatic activity can notably affect the behavior 
of epithelial cells.[13] Given the impact of these enzymes, 
using explant culture methods in disease modeling may 
provide more reliable results by minimizing alterations in 
epithelial cell behavior. In this study, healthy and tumor 
tissues obtained from breast cancer patients after surgical 
operations were cultured under sterile conditions using 
explant culture and enzymatic digestion. While various 
enzymes were utilized for enzymatic digestion, the 
explant culture method involved dissecting the tissue into 
small fragments. This study aims to compare the efficiency 
of explant culture and enzymatic digestion in generating 
viable patient-derived primary breast cancer cultures, 
focusing on their effects on cell yield and morphology.

Materials and Methods
The tissues used in this study were obtained from four 
breast cancer patients during surgery at the Department of 
General Surgery, Erciyes University in Kayseri, Türkiye. The 
tissues were collected under supervision of pathologists, 
and the experimental stages were carried out at Erciyes 
University Gevher Nesibe Genome and Stem Cell Center.

These were obtained as two separate samples: healthy 
and tumor tissue. Informed consent was obtained from 
the breast cancer patients. Inclusion criteria for patients: 
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Women diagnosed with invasive ductal breast cancer, aged 
18 years or older, with a tumor diameter of 3 cm or larger, 
who underwent mastectomy or breast-conserving surgery.

Both samples were evaluated using explant and enzymatic 
methods. In the explant culture, the effect of collagen on 
cells in primary culture was also examined. In the enzymatic 
method, two approaches, short-term and long-term, were 
compared. The workflow is shown in Figure 1.

This study was approved by Erciyes University Clinical 
Research Ethics Committee with the decision number 
2023/56 and dated 18/01/2023. The study was conducted 
in accordance with the Declaration of Helsinki.

The tumor group criteria included patients aged over 
18 years old, 4 patients diagnosed with invasive ductal 
breast cancer, with tumors measuring 3 cm or larger, and 
who underwent either mastectomy or breast-conserving 
surgery, were included in the study. The healthy group 
consisted of patients who underwent biopsy due to 
suspected breast cancer but were not diagnosed with 
the disease.

Primary Cell Culture: Based on studies conducted 
in primary cell culture, the most suitable method for 
laboratory conditions was selected by considering various 
parameters such as cell viability, application efficiency, and 
cell morphology.

To collect healthy and tumor tissue from the operating 
room, a transport medium was prepared by adding 10% 
FBS (Thermo Fisher, USA), 1% Penicillin-Streptomycin 
(Thermo Fisher, USA), 1% Amphotericin B (Thermo Fisher, 
Waltham, Massachusetts, USA), and 1% L-Glutamine 
(STEM CELL, Canada) to RPMI 1640. Transfer process was 
conducted in a cold environment. Once the tissues were 
transferred to the laboratory, the procedures continued in 
a laminar flow hood (Telstar, Barcelona). Prior to starting, 
the washing solution was prepared by adding 1% 

Amphotericin and 1% pen-strep to a 50 ml Falcon tube 
containing Hank's Balanced Salt Solution (HBSS) (STEM 
CELL, Canada) with 10 mM HEPES and without phenol red. 
After adding a washing solution to a 100 mm round dish, 
the tissue was transferred onto the washing solution. 
After the tissue was cut into small pieces with a scalpel, it 
was washed with the washing solution to remove blood 
vessels, necrotic parts, and mammary glands, and then 
cut into 1 mm pieces. The same steps were followed for 
both tissuees, as shown in Figure 2.

Explant Culture

Explant culture applied to both tissues as represented in 
Figure 3. 1 mm tissue pieces were cut and placed into a 
six-well plate. The plate was then incubated for 20 minutes 
at 37°C with 5% CO2 conditions to allow the tissues to 
adhere to wells. Once the tissues adhered to the bottom 
of the six-well plate, they were cultured in two different 
growth media to determine which medium would be 
more effective. The first medium, referred to as Primary 
Breast Cancer Medium (PBM), consisted of 20% FBS, 1% 
pen-strep, 1% amphotericin, 1% L-glutamine, 0.005 mg/ml 
insulin, and 10 ng/ml EGF in RPMI. The second medium was 
EpiCult-C Human Media Kit (STEM CELL, Canada), which 
contained 5% FBS, 1% pen-strep, 1% amphotericin, and 
1% L-glutamine. PBM and EpiCult media were added to 
the wells containing the explants. As the results obtained 
with PBM were more successful than those obtained with 
EpiCult. Procedure continued with PBM.

Explant culture tumor cells were seeded at 106 cells per well 
in a collagen coated 6-well culture plate and incubated for 
24 h to allow adherence to the culture plate. Morphological 
differences and viability between collagen-coated and 
non-coated groups were examined on days 0, 5, and 10 
using an inverted microscope.

Enzymatic Digestion Method

After conducting the mechanical dissociation, both 
tissues were exposed to two different enzymatic digestion 
processes: short-term (two hours) and long-term 
(overnight) enzymatic digestion. A 1:1 collagenase/
hyaluronidase (STEM CELL, Canada) solution was added to 
the tissue.

Short-Term Enzymatic Digestion

After a two-hours incubation of healthy and tumor tissues, 
the cell fragmentation was applied using sequential 
filtration. After mechanical fragmentation, the tissue 
fragments were collected into a 50 mL falcon tube. Then, 

Figure 1. Schematic Representation of the Workflow Model. This 
flowchart visually illustrates how the experiment will be conducted.

Explant culture

Scratched/ 
Unscratched

Short term 
enzymatic 
digestion

Long term 
enzymatic 
digestion

With collagen/
without collagen

Enzymatic digestion

Cell culture optimization
(Tumor and healthy)
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1 mL of collagenase/hyaluronidase was added to the 
tube, and the mixture was incubated in Thermomixer 
(Eppendorf, Germany) for two hours at 37°C and 300 RPM. 
Afterward, the solution was passed sequentially through 
100 µm, 70 µm, and 45 µm filters (Corning, USA), and the 
cells were plated in PBM medium.

Long-Term Enzymatic Digestion

Long term enzymatic digestion was applied as shown in 
Figure 4.

After mechanical fragmentation, the tissue fragments were 
collected into a Falcon tube, and collagenase was added. 

Figure 2. Preparation of healthy and tumor tissue for primary culture. The figure illustrates the mechanical dissociation of the tissue sample 
in the laminar flow.

Figure 3. Schematic representation of the explant culture method. The figure illustrates the fragmentation and culture of tissues under a 
laminar flow.
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The mixture was incubated overnight at 37°C and 300 RPM 
in a Thermomixer (Eppendorf, Germany). The samples were 
then transferred into Falcon tubes.

First sample: Tissue sample was centrifuged at 400 g for 5 
minutes. The supernatant was removed, and PBM medium 
was added to the pellet. The cells were then passed through 
100 µm, 70 µm, and 45 µm filters and plated.

Second sample: Tissue pieces were centrifuged at 400 g 
for 5 minutes. The supernatant was discarded, and 2 mL of 
Dispase (5 U/mL) and DNase-I (1 mg/mL) were added. An 
inhibition solution was prepared using HBSS containing 2% 
FBS, and 10 mL of this solution was added to each sample. 
The mixture was filtered through a 70 µm filter and then 
plated in PBM growth medium.

Results

Clinical Information on Breast Cancer Patients

Four female patients aged 18 years or older, diagnosed 
with invasive ductal breast cancer, with tumors measuring 

3 cm or larger, and who underwent either mastectomy or 
breast-conserving surgery, were included in the study.

Short-Term and Long-Term Enzymatic Digestion

Tumor cells isolated from breast cancer patient-derived 
tissues using short term enzymatic digestion exhibited 
minimal attachment to the culture flask at days 0 and 5, 
with only a limited number of adherent cells observed. 
At these times, the cells predominantly displayed round, 
irregular, and polygonal morphologies, with a substantial 
presence of free-floating cells (Fig. 5a-1, 2). By day 10, 
while loosely attached round cells were still present, a 
notable increase in the number of adherent cells was 
observed. Furthermore, cell-cell adhesion, a critical factor 
in supporting cell proliferation and survival, appeared to 
have been initiated among the cells (Fig. 5a-3).

In tumor cells obtained through long-term enzymatic 
digestion, on day 0, a greater number of cells adhered 
to the surface of the flask and began to form colonies, 

Figure 4. Schematic representation of the long-term enzymatic digestion method. The figure provides a detailed illustration of the long-
term enzymatic method.
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alongside loosely attached round cells and floating cells 
(Fig. 5a-4). On day 5, there was a significant increase in 
the number of cells attached to the flask, and as expected, 

fibroblast-like morphology was observed. Loosely attached 
round cells were still present among the adherent cells 
(Fig. 5a-5). By day 10, a substantial increase in the number 
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tumor tissue on day 0 (b-4), 5 (b-5) and 10 (b-6) representations. 10x light microscopy image.
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of cells adhering to the surface of the flask was observed, 
along with a noticeable increase in cell proliferation (Fig. 
5a-6). Long-term enzymatic digestion of healthy and 
tumor tissues demonstrated enhanced outcomes in terms 
of cell count and cell morphology compared to short-term 
enzymatic digestion (Fig. 5a).

Cells derived from healthy tissues through short-term and 
long-term enzymatic digestion exhibited a morphology 
like those obtained from tumor tissues. In the short-term 
group, on days 0 and 5, loosely attached round cells and 
predominantly floating cells were observed (Fig. 5b-1, 2). 
Compared to day 0, an increase in cell proliferation was 
evident on day 10 (Fig. 5b-3). In cells derived from healthy 
tissues with long-term enzymatic digestion, the proportion 
of cells adhering to the flask was higher than in the other 
groups starting from day 0. The cell morphology on days 
0 and 5 included fibroblast-like cells attached to the flask, 
along with loosely attached and floating cells. On day 10, 
an increase in cell proliferation was observed compared to 
days 0 and 5, as well as the short-term enzymatic digestion 
group (Fig. 5b-1–3).

Compared to long-term enzymatic digestion, explant 
culture demonstrated better results in terms of cell count 
and cell morphology for both tissues. In the explant 
culture method, it was observed that the cells exhibited 
an epithelioid character starting from the 5th day of 
culture and maintained this characteristic through the 
10th day (Fig. 6a).

Cells obtained from tumor tissue and healthy tissue 
through explant culture exhibited loosely attached round 
and floating cells on day 0 (Fig. 6 a-1, 4). On days 5 and 
10, particularly in the tumor cell group, a regular increase 
in cell proliferation was observed (Fig. 6a-2, 3). This was 
accompanied by a decrease in floating cells and an increase 
in the number of cells adhering to the flask. Morphologically, 
epithelial-like cells were present (Fig. 6a-2, 3). Compared to 
short-term and long-term enzymatic digestion methods, 
cells obtained through the explant culture method were 
more abundant, exhibited faster proliferation, showed a 
reduction in floating cells, and demonstrated epithelial cell 
characteristics (Fig. 6a).

To assess the effect of the surface on cell morphology 
and proliferation in the explant culture method, the flask 
bottom was coated with collagen. In both collagen and 
non-collagen groups, an increase in cell number was 
observed over time, with only a minimal presence of 
floating cells. Morphologically, no significant differences 
were observed between the groups (Fig. 6b). In the explant 

culture method, it was determined that drawing parallel 
lines on the bottom of six- well plates did not have a 
significant impact on cell culture.

Similarly, coating the well bottom with collagen, another 
parameter evaluated, was found to have no significant 
effects on cell culture (Fig. 6b).

Discussion
Cancer development is a multi-step process in which 
various oncogenic mutations lead to cancer cells with 
different genetic defects that may vary even within a single 
tumor.[14] Breast cancer is the second leading cause of 
cancer-related deaths among women.[15] Efforts to develop 
effective approaches for cancer treatment are traditionally 
conducted using in vitro and in vivo models.[16] In breast 
cancer cell lines, which are part of in vitro modeling systems, 
the inability to reflect tumor heterogeneity remains a 
significant issue to be addressed. Additionally, since these 
cell lines are not patient-specific, their use in this field will 
not be feasible.

Primary cell culture serves as an effective model for 
developing personalized therapies for cancer, which vary 
from person to person. The realization of personalized 
treatments and the translation of in vitro findings into in vivo 
models and clinical settings require patient-derived primary 
tumor cells. Selecting the most suitable techniques for 
different tumors is crucial to establishing primary cultures.
[17] The most common methods for obtaining a uniform 
cell population include enzymatic digestion, chemical 
processing, or mechanical fragmentation.[17] Primary cancer 
cultures are crucial for conceptualizing therapeutic targets 
that could support future drug development studies or 
personalized cancer treatments. In this study, primary 
culture methods, which are among the most suitable 
approaches for developing personalized treatment options, 
were investigated in a comparative fashion.

The results obtained from long-term enzymatic digestion 
were found to be more successful, which aligns with 
findings in the literature. The higher success rate of 
long-term enzymatic digestion may be due to its less 
aggressive nature, enabling higher cell yield.[8]

Although long-term enzymatic digestion produced a 
higher cell yield compared to short-term digestion, the 
morphology of the cells obtained deviated from the desired 
epithelial characteristics, displaying a more fibroblastic 
appearance (Fig. 5a, b).

Comparison of two different primary culture techniques 
from the literature revealed that explant culture yields higher 
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efficiency in cell isolation rather than enzymatic digestion 
from breast cancer tissue. This finding is consistent with 
studies in the literature on breast cancer culture methods.
[18] The morphological characteristics of the cells obtained 
from explant culture were more epithelial (Fig. 6a).

The ability of the explant model to allow comprehensive 
evaluation of individual tumors within their natural 
tumor microenvironment (TME), preserving the integrity 
of tumor tissue morphology, viability, and endogenous 
hormonal signaling, may have contributed to this 
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outcome. Also, studies have shown that the explant 
method significantly impacts the purity and characteristics 
of isolated cells. Additionally, explant techniques can yield 
higher cell proliferation rates and maintain better cell 
vitality compared to enzymatic methods[19] These findings 
underline that tumors are not solely composed of tumor 
cells but also emphasize the significance of the tumor 
microenvironment. Our results demonstrate that explant 
culture is the most effective method for identifying and 
culturing breast cancer cells in terms of protocol efficiency 
and cell survival rate.

Studies have shown that surface structure plays a 
significant role in regulating cell adhesion. For instance, 
Lawrence et al.[20] demonstrated that silk structures with 
grooved surface features enhanced initial cell adhesion 
compared to smooth surfaces. Surface features like 
parallel lines can also influence cell differentiation or 
how cells interact with the substrate. Surface coatings 
can optimize the contact area between cells and the 
substrate, thereby increasing adhesion strength.[21] 
Studies have shown that collagen coating leads to a 
lower apoptotic rate in breast cancer cells compared 
to plastic surfaces.[1] In contrast, Maquoi et al.[22] found 
that type I collagen within a three-dimensional (3D) 
matrix can induce apoptosis in weakly invasive luminal-
like breast carcinoma cells. This finding suggests that, 
instead of promoting growth, collagen may limit cancer 
cell expansion by activating apoptotic pathways, 
particularly in certain breast cancer subtypes. The 
presence of parallel lines may enhance tissue adhesion 
by increasing the contact area for cell binding and 
influencing mechanotransduction pathways that 
regulate cellular behavior. In this study, collagen 
coating of the culture dish were applied to the explant 
culture group of cells derived from breast cancer tissue. 
However, no significant differences were observed in 
terms of cell count and morphology (Fig. 6b). Although 
previous studies have demonstrated that collagen 
coating can enhance adhesion and reduce apoptosis, 
no significant effects were observed in our study. This 
could be due to differences in breast cancer subtypes, 
variations in extracellular matrix composition, or culture 
duration. Future studies should investigate these factors 
to determine the optimal role of collagen in breast 
cancer primary cultures.

The higher number of cells observed from the fifth day 
of culture in the explant method (Fig. 6) compared to the 
enzymatic method (Fig. 5) indicates that explant culture is a 
more appropriate technique for the primary culture stage.

Limitations

The limited sample size of this study constrains its overall 
impact. Future studies involving larger sample groups 
will likely enhance the inclusivity and generalizability of 
the findings.

Conclusion
In conclusion, this study compared explant culture and 
enzymatic digestion methods for the establishment of 
patient-derived primary breast cancer cultures. Long-term 
enzymatic digestion was found to be more effective than 
short-term digestion in terms of cell proliferation. However, 
explant culture demonstrated superior outcomes in 
preserving cell morphology and maintaining epithelial 
characteristics, making it the more advantageous approach. 
These findings highlight the critical role of preserving the 
tumor microenvironment in primary culture processes. 
Furthermore, primary cultures obtained via explant 
methods more accurately reflect tumor biology, suggesting 
their potential as a reliable model for drug development, 
disease pathogenesis studies, and personalized medicine 
applications. Future studies with larger patient cohorts 
will further validate the reliability and applicability of this 
method in clinical and translational research.
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