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ABSTRACT 

Introduction&Objective: Breast cancer is the most frequently diagnosed cancer and the leading cause of death from 
cancer among females worldwide. Breast cancer tumors that feature breast cancer stem cells (BCSCs) are known to cause 
drug resistance and metastasis. Culturing BCSCs from primary tumors as mammospheres is both difficult and costly. This 
study aims to present an optimized mammosphere formation assay protocol and improve the breast cancer stem cell 
characterization process by determining the appropriate mammosphere forming method and proper cell density of cancer 
stem cells isolated from breast tumors. 

Material&Method: Cancer stem cells were isolated from breast tumors of two patients with invasive ductal carcinoma 
(IDC) and culturated. Subsequently, performed specific BCSCs surface markers and ALDH analysis by flow cytometry. Two 
mammosphere forming methods, i.e., low attachment and agar-coated wells seeded in three different cell concentrations, 
were compared. 

Results: CD44+, CD24- and CD133+ antibody expressions showed that these cells could be tumor-initiating CSCs. ALDH 
assay results also indicated that these cells possessed stem cell features. In addition, the results of the mammosphere 
assay revealed that agar-coated wells at a concentration of 7000 cells/cm2 had more prominent floating features and 
viable spheres. 

Conclusion: The findings of this study supported the hypothesis that agar-coated culture plates in mammosphere culture 
would increase the mammosphere formation efficiency (MFE) value and revealed the importance of the number of cells 
in elucidating the nature of BCSCs. 

Keywords: Breast cancer, mammosphere formation assay, cancer stem cell

Primer Meme Tümörü Kanser Kök Hücre Karakterizasyonunda Mamosfer Oluşturma Optimizasyonu

ÖZET

Giriş&Amaç: Meme kanseri, dünya çapında en sık teşhis edilen kanserdir ve kadınlar arasında kansere bağlı ölümlerin 
önde gelen nedenidir. Meme kanseri kök hücrelerini (MKKH) içeren meme tümörlerinin, ilaç direncine ve metastaza neden 
olduğu bilinmektedir. Primer tümörlerden MKKH’ lerin mamosfer olarak kültürlenmesi hem zor hem de maliyetlidir. Bu 
çalışma, meme tümörlerinden izole edilen kanser kök hücrelerinden, uygun mamosfer oluşturma tekniğini ve uygun 
hücre yoğunluğunu belirleyerek optimize edilmiş bir mamosfer oluşturma protokolü sunmayı ve meme kanseri kök hücre 
karakterizasyon sürecini iyileştirmeyi amaçlamaktadır.

Gereç&Yöntem: İnvaziv duktal karsinomalı iki hastanın meme tümörlerinden kanser kök hücrelerinin izolasyonu ve 
kültürü gerçekleştirildi. Daha sonra, akım sitometrisi ile spesifik MKKH’leri yüzey belirteçleri saptandı ve ALDH analizi 
gerçekleştirildi. Düşük tutunma özellikli ve agar kaplanmış kuyucuklara üç farklı konsantrasyonda hücre ekilerek iki 
mamosfer oluşturma yöntemi karşılaştırıldı.

Bulgular: CD44+, CD24- ve CD133+ antikor ifadeleri, bu hücrelerin tümör başlatıcı KKH’leri olabileceğini gösterdi. ALDH 
analizi sonuçları da bu hücrelerin kök hücre özelliklerine sahip olduğunu gösterdi. Ek olarak, mamosfer testinin sonuçları, 
7000 hücre/cm2’lik bir konsantrasyonda agar kaplı kuyucukların daha belirgin yüzen özelliklere ve canlı sferlere sahip 
olduğunu ortaya çıkardı.

Sonuç: Bu çalışmanın bulguları, mamosfer kültüründe agar kaplı kültür kaplarının mammosphere oluşum etkinliği 
(MFE) değerini artıracağı hipotezini desteklemiş ve MKKH’ lerin doğasını aydınlatmada hücre sayısının önemini ortaya 
koymuştur.

Anahtar Kelimeler: Meme kanseri, mammosphere oluşum testi, kanser kök hücresi
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Breast cancer (BC) is the most common cancer 
among women, affecting an average of 2.1 million 
women each year. According to epidemiological 

studies, it is the leading cause of cancer-related deaths 
in women, with a prevalence of 24.5% and a mortality 
rate of 15.5%. The Global Cancer Incidence, Mortality and 
Prevalence (GLOBOCAN) breast cancer statistical data re-
vealed that 2.3 million and 24.000 females were diagno-
sed with BC and 685.000 and 7000 females had died from 
BC worldwide and in Turkey, respectively, in 2020 (1). The 
morbidity rates associated with BC increase in countries 
with high human development index, whereas the morta-
lity rates related to BC are higher in developing countries.

BC is a complex and heterogeneous disease involving 
multiple tumor entities associated with different histolo-
gical patterns, biological features, and clinical behaviors. 
At the beginning of the last century, all patients with bre-
ast malignancy were treated with one type of treatment. 
The differences between BC patients in terms of prognosis 
and the identification of different morphological variants 
by pathologists over the last 50 years have caused scien-
tists to categorize BC into different variants. The recently 
published World Health Organization (WHO) tumor clas-
sifications cited 20 major and 18 minor variants of BC (2).

Histologically, BC is categorized into four basic subtypes: 
ductal carcinoma in situ, lobular carcinoma in situ, inva-
sive ductal carcinoma, and invasive lobular carcinoma. 
This study focused on invasive ductal carcinoma (IDC), 
the most common breast malignancy without any further 
subtype, constituting 75-80% of breast carcinomas (3). 
IDC is a malignant epithelial tumor that can invade sur-
rounding tissues and metastasize to distant organs such 
as the lung, liver, and brain (4). In terms of the molecular 
classification of the tumor, BC is categorized into four de-
termined by the positivity of estrogen receptor (ER), pro-
gesterone receptor (PR), human epidermal growth factor 
2 (Her2), Ki67 and cytokeratin (CK) 5/6 markers. These 
subclasses are luminal A [ER (+), PR (+), Her2 (-), Ki67 ≤ 
14%], luminal B [ER (+), PR (+), Her2 (-), Ki67> 14%], Her2- 
2 positive [ER (-), PR (-), Her2 (+), Ki67 (high)], and basal-
like/triple-negative [ER (-), PR (-) and Her2 (-)]. Luminal A is 
the most common molecular BC subtype with a relatively 
good prognosis. This study focused on the most common 
BC subtypes and tumors with IDC-Luminal A character 
in terms of histological-molecular subtypes as a cellular 
source.

Breast tumors, like other solid tumors, contain a subgroup 
called breast cancer stem cells (BCSC). BCSCs are aggres-
sive tumor cells responsible for tumor formation, progres-
sion, and metastasis. BCSCs delay the response in cancer 
treatment and cause metastasis and relapse of the disease 
after treatment (5). Therefore, efforts to develop current 
cellular therapies target BCSCs.

Tumor recurrence occurs in approximately 30% of the 
invasive BC cases. The mortality rate in BC cases with tu-
mor recurrence is as high as 90% (6). This high mortality 
rate is attributed to the fact that BCSCs are resistant to 
radiotherapy, chemotherapy, and endocrine therapy and 
can reactivate the tumorogenic potential depending on 
specific signals while in the dormant state (7). BCSCs were 
first identified in 2003 by Al Hajj et al. based on cell surface 
markers (CD44+/CD24-/low) (8). Recent studies have cited 
aldehyde dehydrogenase 1 (ALDH1), CD133, and CD49 as 
BCSC markers, given that they were found to be associ-
ated with resistance to chemotherapy and radiotherapy 
(9). CD44 is a cell-matrix adhesion molecule expressed 
at physiological levels in normal cells, such as embryonic 
stem cells and stromal cells, and at high levels in cancer 
cells. When it binds to its ligands, CD44 activates a variety 
of signaling pathways that lead to cell adhesion, prolife-
ration, migration, and metastasis (10). In addition, CD44 
has been shown to be associated with secondary events 
such as the epithelial-mesenchymal transition (EMT) pro-
cess, apoptosis resistance, invasion, metastasis, and poor 
prognosis in many other cancer types such as prostate, 
stomach, pancreas, colon, and breast cancers (11-13).

ALDH1 catalyzes the oxidation of a large group of toxic 
aldehydes to carboxylic acids inside the cell. High levels of 
ALDH1 expression and ALDH1 activity increase the deto-
xification capacity of BCSCs, creating resistance to cancer 
treatments such as chemotherapy and radiotherapy. In 
addition, ALDH has been shown to mediate the angioge-
nic phenotype in tumor neovascularization by increasing 
Vascular endothelial growth factor (VEGF) expression in 
BCSCs (14). ALDH1 has been associated with strong tu-
morigenicity in both in vivo and in vitro experiments and 
was recognized as a reliable biomarker for BCSCs (14). 
Accordingly, BCSCs are characterized by high CD44/CD24 
ratios and ALDH expression levels (15). BCSCs also have 
the ability to form a highly proliferative spheroid, i.e., 
mammosphere, in non-adherent suspension culture (16). 
The proliferation and invasiveness of BCSCs are directly 
proportional to the mammosphere formation ability.
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Studies on metastatic cancers, in general, focus on CSCs, 
which are implicated in multiple drug resistance, radiot-
herapy resistance, and disease relapse after treatment. 
Thus, it is essential to develop studies on optimizing can-
cer stem cell characterization. Accordingly, this study was 
carried out to develop a method to culture and characte-
rize BCSCs.

MATERIALS and METHOD
Isolation of and culturing of BCSCs from primary tumor tissue
Breast invasive ductal carcinoma tissue samples were 
obtained from the Kocaeli University Faculty of Medicine 
Hospital, Department of General Surgery. Tumor tissues 
of the two patients diagnosed with IDC were removed 
by mastectomy in ~7-8 mm3 tissue fragments for cell 
isolation (Table 1). The tumor tissue was delivered to the 
laboratory in Dulbecco’s modified eagle medium-low 
glucose (DMEM-LG) supplemented with 5% penicillin/
streptomycin (pen/strep) antibiotic and 10% fetal bo-
vine serum (FBS). Tumor tissue was stored in a laminar 
flow cabinet (Safe Fast Elite 2150, Italy), then taken to a 
sterile petri dish with a diameter of 90 mm. The blood 
tissue and blood vessels were harvested from the tissue 
by washing it twice with 10 ml of Hank’s balanced salt 
solution (HBSS) supplemented with 5% pen/strep anti-
biotic (Capricorn). Subsequently, the tumor tissue was 
taken into a new petri dish and divided into small pieces 
with the help of a scalpel. Four ml of the tumor dissoci-
ation enzyme mix (Collagenase/Hyaluronidase, StemCell 
Tech #07912, Canada) was added to the dissected tumor 
tissue, and the entire tissue/enzyme mixture in the pet-
ri dish was transferred to a 50 ml falcon tube. The tumor 
tissue/enzyme mixture was incubated overnight in a 37°C 
shaking water bath (17). Following the incubation, 7 ml 
of inactivation medium (DMEM-LG with 10% FBS) was ad-
ded, and the enzymatic reaction was halted. Waste tissue 
pieces were removed by subjecting the tissue to a cell/
tissue suspension through a 70 µm strainer. The cell sus-
pension was centrifuged at 1600 rpm for 5 minutes, and 
the enzyme was removed by discarding the supernatant 
solution. Cell pellet BCSC medium [(DMEM/F12 (Gibco), 
10% FBS (Gibco), 1% Penicillin/Streptomycin (Capricorn), 
1% Glutamax (Gibco), 4 µg/ml Insulin (Sigma), 1 µg/ml 
Hydrocortisone (Sigma)] was homogenized with 10 ng/
mL epithelial growth factor (EGF; Winsent)], inoculated in 
a T-25 cell culture dish (SPL Biosciences, Korea) and cul-
tured at 37 °C in5% CO2medium. Cells were propagated 
by subjecting them to 0.25% Trypsin/0.02% EDTA solution 
with trypsinization every 4-6 days (~70-80% confluency).

Table 1: Histopathological features and Bloom-Richardson 
grading of breast tumors of IDC patient1 and 2.

IDC Case 1 (Age:57) IDC Case 2 (Age:42)

ER: 100% positive ER: %80 positive

PR: 95% positive PR: %60 positive

Ki67: 11% positive Ki67: %10 positive

Bloom–Richardson Grading System

Tubule formation: 2 Tubule formation: 2

Nuclear pleomorphism:2 Nuclear pleomorphism:1

Mitotic index: 2 (12/10 BBA) Mitotic index: 1 (2/10 BBA)

Total score: 6, Grade: II Total score: 4, Grade: I

Flow cytometry
BCSCs were harvested from both patients after passaging 
the cells with trypsin enzyme and counted following enz-
yme inactivation. Consequently, 2×105 cells were analy-
zed for each marker. After the cells were washed with 
the washing solution, a specific fluorescent fluoresce in 
isothiocyanate (FITC) and phycoerythrin (PE) – conjuga-
te to the determined surface markers, i.e., CD44, CD73, 
CD90, CD105, CD13, CD29, CD140b, CD24, anti-HLA DR, 
anti-cytokeratin, CD45, CD34, CD15, and CD14 human 
monoclonal antibodies were incubated at room tempe-
rature at dark for 45 minutes. Subsequently, the washing 
solution was added again, and the resulting solution was 
centrifuged at 300×g for 5 minutes. The washing process 
was completed by discarding the supernatant. The cells 
were homogenized again using 350 µl washing soluti-
on for analysis in the FACS Calibur (BD Biosciences) flow 
cytometry device. The relevant analyses were performed 
using the Cell Quest software package (BD Biosciences).

ALDH assay
The ALDH enzyme activity levels of the isolated BCSCs 
obtained from the two patients were analyzed using the 
ALDH assay kit (StemCell Technologies-Aldefluor TM Assay 
Kit, U.S.) per the manufacturer’s instructions. Accordingly, 
BCSCs were harvested using the trypsin enzyme and re-
suspended in single cells. Simultaneously, human leu-
kocytes, i.e., white blood cells (WBCs), were obtained from 
peripheral blood and included in the ALDH test as the 
reference material. 3×10⁶ cells reserved for ALDH analysis 
were centrifuged at 250×g for 5 minutes. The supernatant 
solution was discarded, and the cells were homogenized 
using 6 mL of test buffer. Flow cytometry tubes were pre-
pared for propidium iodide (PI), 7-actinaminomycin-D 
(7-AAD), diethylaminobenzaldehyde (DEAB), verapamil, 
CD133 with ALDH parameters. The prepared cell suspen-
sion was distributed to each tube in portions of 500µl 
(5×10⁵ cells).
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5µl of DEAB reagent was added to the tube and mixed 
thoroughly. 2.5 μl of Aldefluor substrate was added to 
the tubes except for PI and 7-AAD tubes and mixed tho-
roughly. All tubes were incubated at 37 °C in the dark for 
45 minutes. Subsequently, the cells were centrifuged at 
250×g for 5 minutes. The supernatant solution was discar-
ded and homogenized again with 300 µl of test buffer. 5 
µl of CD133, PI, and 7-AAD probes were added to CD133, 
PI, and 7-AAD tubes, thoroughly mixed, incubated at 4°C 
in the dark for 20 minutes, then centrifuged at 250×g for 
5 minutes. The supernatant solution was discarded, and 
the cells were homogenized once more using 500 µl of 
Aldefluor test buffer for analysis in the FACS Calibur (BD 
Biosciences) flow cytometry device. The relevant analyses 
were performed using the Cell Quest software package 
(BD Biosciences). The ALDH activity of BCSCs was evalua-
ted in comparison with negative control DEAB and vera-
pamil samples.

Mammosphere formation assay/mammosphere culturing 
and passaging
The mammosphere formation analysis featured the sus-
pension cultures of isolated BCSCs obtained from both 
cases. The ability of these BCSCs to form a mammosphe-
re on the agar-coated and low-attachment surfaces was 
comparatively examined. Prior to the experiment, 6-well 
plates (Falcon, U.S.) on which cells were seeded were co-
vered with 3% agar (Fluka) containing 1:1 mammosphere 
medium.

The mammosphere medium used in the study was en-
riched and customized with additional add-ons, unlike 
the mammosphere medium contents described in the 
literature. Mammosphere medium consisted of DMEM/
F12 supplemented with 1% pen/strep (Capricorn), 1% 
Glutamax (Gibco), 20 ng/ml EGF, basic fibroblast growth 
factor (bFGF), 1x B27, 4 µg/ml heparin (Sigma), 1 µg/ml 
hydrocortisone (Sigma), and 4 µg/ml insulin (Sigma).

In order to optimize the cell concentration or to determi-
ne the appropriate cell concentration in the mammosp-
here formation analysis, three groups with the following 
cell concentrations were created: 3×103 cells/cm2, 5×103 

cells/cm2, and 7×103 cells/cm2. Cells were cultured with 
a mammosphere medium for seven days by seeding in 
agar-coated and low-attachment 6-well flasks in accor-
dance with the determined concentrations. Generation I 
mammospheres were examined on the 7th day of culture 
by imaging with a phase-contrast microscope, the mam-
mosphere counts were counted, and the mammosphere 

formation efficiency (MFE) was calculated using the follo-
wing formula: “MFE (%) = (# of mammospheres per well) / (# 
of cells seeded per well) x 100”.

Passaging mammospheres
On the 7th day of culture, generation I mammospheres 
were counted, and each well was transferred to a 15 ml 
conical tube. Mammospheres that remained on the sur-
face were washed with the phosphate-buffered saline 
(PBS) solution, transferred to the tubes, and centrifuged 
at 115×g for 10 minutes. The supernatant solution was 
discarded. The pellet was re-suspended with 500 µl of 
TrypLE enzyme and incubated at 37°C for 3 minutes. The 
enzyme was neutralized with 500 µl of FBS. After centri-
fugation at 500×g for 5 minutes, the supernatant soluti-
on was discarded, and the pellet was re-suspended with 
100 µl of mammosphere medium. It was pipetted up and 
down several times and passed three times through a 25 
G syringe to form a single-cell suspension. After the cell 
count was done, inoculation was performed on agar and 
low-attachment six well plates at concentrations of 3×103 

cells/cm2, 5×103 cells/cm2, and 7×103 cells/cm2. It was cul-
tured with a mammosphere medium for seven days, and 
a mammosphere count was done on the 7th day. MFE for-
mulation was calculated as in generation I (18).

Statistical analysis
SPSS 10.0 (Statistical Package for the Social Sciences, ver-
sion 10.0, Chicago, IL, U.S., 1999) software package was 
used to perform all statistical analyses. Research data were 
tested with the paired t-test. Newman–Keuls method was 
used for multiple analyses. Each experimental group con-
sisted of at least three replicates. The difference between 
the experimental and control groups was deemed signifi-
cant and highly significant in cases where the probability 
(p) statistics were ≤ 0.05 and <0.01, respectively. The MFE
value of Generation I and II was calculated using the follo-
wing formula: “MFE (%) = (# of mammospheres per well) / (# 
of cells seeded per well) x 100”.

RESULTS
Isolation and culturing of BCSCs from primary tumor tissue
BCSCs isolated from the breast tumor tissue were cultured 
adherently, and their morphology was regularly examined 
under a phase-contrast microscope (Figure 1). BCSCs did 
not show morphological signs of aging or differentiation 
during culturing. In fact, it was observed that they prolife-
rated quite rapidly, even during additional passages.
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Figure 1. P0 (a) and P3 (b) light microscope images of the BSC obtained from case 1. P0 (c) and P3 (d) light microscope images of the BSC obtained from 
case 2. Barr; 500µm.
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Flow cytometry
As the isolated BCSCs of cases 1 and 2 reached passage 
3 (Figure 4.3), stem cell markers, i.e., CD73, CD90, CD105, 
CD13, CD29, and CD140b, showed high positivity, in ad-
dition to exhibiting CD44+/CD24- breast cancer stem cell 
phenotype. Hematopoietic and epithelial cell markers 
such as human leukocyte antigen-D related (HLA-DR), 
cytokeratin, CD45, CD 34, CD15, and CD14 were also ne-
gative (Figure 2).

Figure 2. Flow cytometry analyses of the BCSCs of case 1 (a) and case 2 
(b)

ALDH assay
ALDH enzyme activity was positive, over 99% in all doub-
le staining performed within the scope of the ALDH test. 
CD133 expression was 61.74% in the BCSC of case 1 and 
89.13% in the BCSC of case 2. The 7-AAD and PI values 
were less in the BCSC of case 1 than in the BCSC of case 
2, and below ~15% in the BCSCs of both cases. The ALDH 
test revealed CD133 positivity suggesting that the isola-
ted tumor cells have a cancer stem cell phenotype.

Figure 3. ALDH analyses by flow cytometry of the BCSCs of case 1 (a) 
and case 2 (b). ALDH double stained with 7ADD, PI, and CD133.
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Optimization of the mammosphere culture system 
Primary tumor cells obtained from both cases featured 
mammosphere formation in the serum-free spheroid 
culture system. 

Figure 4. Morphology of mammospheres from the BCSCs of case 1 seeded on different cell concentrations, agar-coated, and low attachment wells. Barr; 
100µm

MFE values of the BCSCs were calculated according to 
the mammosphere count, and mammosphere size mea-
surement was performed in generation I and generation 
II (Figures 4 and 5).
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Figure 5. Morphology of mammospheres from the BCSCs of case 2 seeded on different cell concentrations, agar coated, and low attachment wells. Barr; 
100µm

The cell concentration of 7,000 cells/cm2 was found to be 
more effective in evaluating the MFE of primary breast 
tumor cells compared to the other cell concentrations of 
3,000/cm2 and 5,000/cm2. The number of cells planted is 
a crucial factor in forming the mammosphere. The MFE 
value of the cells planted at a cell concentration of 7000 
cells/cm2 was found to be significantly higher than at 
other cell concentrations (p< 0.05 and p<0.01) (Figure 6, 
Figure 7). 

In terms of the mammosphere number, size, and quality, 
it was observed that the agar-coated spheroid culture 
system was relatively advantageous over the low attach-
ment spheroid culture system. The results of the mam-
mosphere experiment indicated that the BCSCs of case 1 
had a significantly higher ability to form spheroids in the 
two isolated cell lines compared to the BCSCs of case 2. In 
the agar coating mamosphere formation; Case I MFE va-
lue is 2.1 times higher in Case II MFE value in Generation 
1, while it is 3 times higher in Generation II (7,000 cells/
cm2) (p<0.001).
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Figure 6. MFE of mammospheres obtained from the BSCS of case 1. Data were mean±SD, *p<0.05, **p<0.01

Figure 7. MFE of mammospheres obtained from the BSCS of case 2. Data were mean±SD, *p<0.05, **p<0.01.

DISCUSSION
As in many solid tumors, high ALDH activity in breast 
tumors is considered an indicator of aggressive and me-
tastatic tumors. Increased ALDH activity in vitro in colony 
formation, migration, and invasion is associated with in 
vivo metastasis (19). A study on breast cancer cell lines 
demonstrated that ALDH-positive cell lines had high inva-
sion capacities (20). 

The characterization analysis revealed that the cells iso-
lated from the primary tumor tissue within the scope 
of this study had cancer stem cell phenotype. BCSCs, 
the tumorigenic subpopulation of breast tumors, were 
mainly identified by CD44 positivity and CD24 negati-
vity (CD44+/CD24-) (8). The results of the flow cytometry 
analyses indicated that the cells isolated from tumor tis-
sues had CD44+/CD24- phenotype, CD61 positivity, anot-
her basic marker, and high ALDH enzyme activity (21).

In addition, the high positivity of other stem cell markers, 
i.e., CD133, CD166, and CD29, suggested that the isolated
primary tumor cells had the characteristics of cancer stem 
cells. CD133 is a transmembrane glycoprotein expressed
in healthy somatic progenitor/stem cells and cancer stem
cells, the metastatic precursor cells of solid tumors (22).
Due to its more restricted expression compared to other
CSC markers, such as CD44 and ALDH, CD133 has long
been considered one of the most rigorous indicators of
malignant precursors in different solid tumors, including
breast cancer (22). In a study featuring MDA-MB-231,
MDA-MB-468, and triple-negative high ALDH, CD44+ phe-
notype cell lines, CD133 was found to be associated with
enhanced malignant/metastatic behavior in both in vitro
and in vivo experiments (23). In addition to being a sharp
CSC marker, CD133 is a valuable prognostic marker as it is
positively correlated with high tumor grade, distant me-
tastasis, and poor overall survival (24).
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The high rate of cancer stem cell markers, mammosphe-
re forming capacity, and ALDH positivity indicated that 
cancer stem cells, a subpopulation in the tumor, were suc-
cessfully isolated in this study. As Zhang et al. stated, the-
re are four basic methods used in cancer stem cell identi-
fication and isolation (28), the most common being the 
methods that feature the separation of surface markers 
or combination of biomarkers, followed by the one that 
features side population cell isolation with Hoescst 33342 
dye, the aldeflour method, and mammosphere formation. 
Other methods other than cell separation are isolation 
methods based on cancer stem cell properties. The effici-
ency of creating two generations of mammosphere after 
isolation was demonstrated in this study, in addition to 
CD44+ and CD24-/low, surface markers, and ALDH positivity. 
Furthermore, the fact that the cells featured self-renewal 
and proliferation activity in the advancing passages indi-
cated that these cells were, in fact, cancer stem cells. It is 
known that cell lines such as MCF-7 and MDA, which are 
frequently used in studies, are heterogeneous. Therefore, 
CD44+ and CD24- cells have been selected over these cell 
lines in many recent studies (29). Given the surface mar-
ker results and cancer stem cell properties obtained after 
isolation, it was the primary cell line that featured cancer 
cell characteristics comparable to the in vivo environment 
in this study.

Mammosphere-forming efficiency varies depending on 
the cancer cell lines and cells isolated in primary culture 
(30). As a matter of fact, the results obtained using hu-
man-derived breast tumors from two cases in this study 
revealed high cell proliferation in both cases with varying 
mammosphere-forming abilities.

CONCLUSION
In conclusion, the cell lines obtained from the tumor tis-
sues of two cases had high CD44 positivity, CD24 negati-
vity, and ALDH rates. Mammosphere formation was sig-
nificantly higher in the BCSC of case 1 than in the BCSC 
of case 2, this difference can be associated with histopat-
hological features of cancer tissue and Bloom-Richardson 
grading of breast tumors.

CD44 positivity, CD133 positivity, CD24 negativity, ALDH 
positivity, and high mammosphere forming abilities indi-
cated that the cancer stem cells were isolated. In addition, 
the MFE value of the cells was significantly higher in the 
agar-coated culture plates than in the low-attachment cul-
ture plates. The mammosphere experiment demonstrated 

that 7000 cell/cm2 concentration was more suitable for 
mammosphere assay.
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