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Abstract: Breast cancer represent the second cause of death in women after lung 

cancer. Scientists studied breast cancer in main fields genetically and epigenetically in 

order to understand and defeat it. Anticancer drugs were not efficient enough due to 

cancer recurrence which was discovered the reason beyond it which is a small 

population of cells that have the ability to self-renewal and cause tumorgenicity called 

cancer stem cells (CSCs).  Understanding CSCs and its mechanisms allow us 

discovering the mechanism of recurrence Particularly, mammospheres that are 

responsible of cancer recurrence. Aim of the work is Studying the possible potential of 

isolation these mammosphers and percentage that would provide a great model to 

reveal CSCs mechanisms. In this study we cultured MCF7 cell line and exposed it into 

specific conditions that only CSC stem cell will survive in. Cell line was cultured in 

serum-free DMEM-F12 supplemented with 0.4% bovine serum albumin, 20 ng/ml 

epidermal growth factor (EGF), 5 mg/ml insulin, 10 ng/ml basic fibroblast growth 

factor (bFGF) Then incubated for one week without any disturbances. After one week, 

cells were checked and mammospheres appeared clearly, pictured and characterized by 

accurate measurement flow cytometry CD44+/CD24- which indicated that the purity of 

MCF-7 cancer stem cells in the mammospheres is above 98% after being cultured in 

serum-free medium for 1 week. The data suggest that culture of mammospheres  of 

these metastatic cells would provide a very suitable model to investigate how 

responsive tumorigenic stem cells are to therapeutic drugs. 
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1.Introduction

Cancer is a disease characterized by 

uncontrolled proliferation of transformed cells, 

driven by genetic and epigenetic alterations in 

somatic cells, leading to abnormal cell growth 

and, in many cases, metastasize to other body 

parts. The multi-step process of tumor 

metastasis primarily consists of three stages: 

invasion, circulation, and colonization [1], [2], 

[3]. Breast cancer, a heterogeneous disease, 

typically originates in the breast ducts or 

lobules and can progress into invasive cancer 

through various pathways. Approximately 80% 

of breast cancer diagnoses are ductal in nature. 

A well-established progression model begins 

with normal cells transitioning into atypical 

ductal hyperplasia (ADH), followed by ductal 

carcinoma in situ (DCIS), then invasive ductal 

carcinoma (IDC), and finally metastasis. In the 

metastatic phase, cancer cells breach the 

basement membrane, enter the vasculature, and 

spread to distant organs, often leading to fatal 

outcomes [4].  

A subset of tumor cells known as cancer 

stem cells (CSCs) possess the ability for self-

renewal and can differentiate into non-stem 

cancer cells, which constitute the bulk of the 

tumor. CSCs are not only responsible for tumor 

initiation but also play a critical role in 

metastasis, which is linked to lower survival 

rates in patients. The relationship between 

CSCs and metastasis has made them a key 

target for cancer therapy [5]. 

Cancer cell lines are essential in vitro 

models used in cancer research and drug 

discovery [ 6]. The most commonly utilized 

breast cancer cell line is MCF7, which is 

known for its hormone sensitivity due to its 

high expression of estrogen receptors (ER) [7]. 
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MCF7-derived mammospheres contain cells 

that exhibit the CD44+/CD24- phenotype, a 

characteristic of breast cancer stem cells 

(BCSCs) [8]. The isolation and enrichment of 

CSCs are vital to understanding CSC biology 

and developing CSC-targeted therapies [9]. 

Several methodologies are employed for the 

isolation and identification of CSCs. The most 

common method is based on cell surface 

biomarkers such as CD44 and CD24. 

Additionally, the side population (SP) 

technique utilizes the ability of CSCs to efflux 

dyes like Hoechst 33342, and the 

ALDEFLUOR assay isolates CSCs based on 

high ALDH1 activity. Another widely used 

method is the tumorsphere culture, where CSCs 

are grown in serum-free conditions to form 

multicellular spheres, reflecting their ability to 

self-renew [10].  

The first identification of BCSCs using 

CD44 and CD24 markers was conducted by Al-

Hajj and colleagues, who demonstrated that 

cells with the CD44+/CD24-/lin- phenotype 

could initiate tumors in immunodeficient mice 

and exhibit cancer stemness traits, such as self-

renewal and resistance to chemotherapy [11]. 

CD44, a transmembrane glycoprotein, plays a 

crucial role in maintaining the multipotency of 

BCSCs, while CD24 is involved in cellular 

adhesion, proliferation, and metastasis [29], 

[30].  

The goal of this study is to isolate 

mammospheres and analyze their 

characteristics, including the CD44+/CD24- 

phenotype, to assess their potential in cancer 

research and therapy. Understanding the 

isolation efficiency and functional capabilities 

of these mammospheres could unlock new 

insights into the behavior of CSCs and inform 

the development of targeted therapies. 

2. Materials and methods 

MCF7 cell line was cultured and exposed 

into specific conditions that only CSC stem cell 

will survive in. cell line was cultured in serum-

free DMEM-F12 supplemented with 0.4% 

bovine serum albumin, 10 ng/ml basic 

fibroblast growth factor (bFGF), 5 mg/ml 

insulin and 20 ng/ml epidermal growth factor 

(EGF) and left incubated for a week without 

any disturbance. After a week, cells were 

checked and mammospheres appeared clearly, 

pictured and characterized by accurate 

measurement flow cytometry which indicated 

purity of isolation of MCF-7 CSCs. 

1) Preparation of MCF-7 involved:  

Preparation of High Glucose Media: 

DMEM high glucose (500ml) was supplied 

with 50 ml fetal bovine serum (10%) which 

was deactivated before use by heating at 56
o
c 

for 20 mins and 7 ml anti-anti then preserved at 

2-8 ℃. 

Feeding and Passage: 

After 2 days old culture media were 

removed and a new complete medium was 

added to the flask. When cultured cells reach 

confluency (70%-80%), cells were then washed 

with PBS and trypsinized with trypsin-EDTA ( 

0.25% ) as follow: old media was discarded and 

cells washed with 2 ml PBS. 2.5 ml trypsin was 

added to flask then to incubator for 2 min. cells 

were examined under microscope where cells 

begin to be rounded, separate and detach from 

feeder layer of the flask. 15 ml complete media 

was added to flask and pipetted several times 

then 10 ml media was transferred into 2 new 

flasks ( 1:3 ) then all were incubated in 

humidified incubator at 37
 
℃, 5% CO2 and 

examined after 2 days. 

Cell Counting:  

After passage, cells were resuspended in 1:1 

media, trypsin respectively, 10 µl of cell 

suspension added to 1.5 ml Eppendorf then10 

µl of trypan blue (0.4% ) added too then mix 

gently. Hemocytometer was cleaned and both 

sides were filled with suspension and checked 

under microscope using 10x magnification. 

Both viable and non-viable cells were counted.  

Calculation:  

Average of viable cell line cells = total 

number of  viable cells / total number of 

squares. 

Concentration of viable cells per ml= 

dilution factor×10
4 

× average of viable cells 

2) Preparation of Cancer Stem Cells (CSCs)  

Preparation of Media:  

serum-free DMEM-F12 supplemented with 

0.4% bovine serum albumin, 20 ng/ml 

epidermal growth factor (EGF), 5 mg/ml 

insulin, 10 ng/ml basic fibroblast growth factor 

(bFGF). 
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Separation of CSCs: 

After cell culture flasks reach confluence 

80%, complete media was discarded and cells 

were washed by PBS then serum-free DMEM-

F12 supplemented with 0.4% bovine serum 

albumin, 20 ng/ml epidermal growth factor 

(EGF), 5 mg/ml insulin, 10 ng/ml basic 

fibroblast growth factor (bFGF) was added to 

each flask then left for a week without any 

disturbance" day 1". Under these 

conditions, the MCF-7 cancer cells died 

whereas MCF-7 cancer stem cells lived and 

grew as nonadherent spherical clusters of cells, 

known as mammospheres. Feeding was done 

each three days by Centrifugation to gather the 

mammospheres and change media at a speed of 

1000 rpm for five minutes. 

Microscopic Investigation:  

Cells were examined daily of the experiment 

and photographed specially at days 1,4,5&6. 
  

Flow Cytometric Investigation: 

passaging cells till measuring fluorescence 

intensity of the cells was performed in the 

following manner:  1) 1×10
6 

cells were 

resuspended in 1 ml media, 2) 100 µl of cells 

were stained with CD44, CD24 then incubated 

for 30 mis in dark, 3) at room temp, each tube 

were added to it a 2 ml stain buffer (FBS) then 

centrifuged at 2000 rpm for 10 mins, 4) remove 

supernatant and add ½ ml stain buffer (FBS) to 

each Eppendorf. Then fluorescence of cells was 

evaluated by  accuri C6 Becton Dickinson Flow 

Cytometry. 

3. Results and Discussion 

Cancer Stem Cell Isolation and 

Characterization:  

1.Isolation of Cancer Stem Cells (CSCs) 

MCF-7 breast cell line was cultured in 25 

cm
2
 tissue culture flask  in incubator supported 

with 5% co2 and 37 ℃ till reached the 

confluence 80% (Fig,1&2). MCF-7 cells were 

then exposed to cancer stem cell media 

DMEM-Ham’s F12 culture medium 

supplemented with bovine serum albumin 

(BSA), epidermal growth factor (EGF), insulin 

and  basic fibroblast growth factor (bFGF). 

After 4 days, MCF-7 CSC mammospheres 

cultured in serum free medium started to appear 

(Fig. 3). While after 5 days, cancer cells begin 

to die and only CSCs survive and aggregate as 

mammospheres (Fig. 4). In addition, after 6 

days CSCs aggregates, increased in size and 

became more clearer as mammospheres (Fig. 

5). 

 
Fig.1 Adherent MCF7 cell line cultured in 

serum-containing medium (X:100 ) 

 
Fig.2 Adherent MCF7 cell line cultured in 

serum-containing medium (X:100) 

 
Fig.3 MCF-7 CSCs mammospheres cultured in 

serum free medium at day 4 (X:100) 
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Fig.4 MCF-7 CSCs mammospheres cultured in 

serum free  medium  at day 5  (X:100) 

 

Fig.5 MCF-7 CSCs mammospheres cultured in 

serum free medium at day 6, (X:100) 
 

2. Characterization of Cancer Stem Cells 

(CSCs): 

To further identify the phenotypes of the 

CSCs mammospheres, we analyzed the protein 

expressions on the surface of the cells by flow 

cytometry for cell line (Fig.6). The present 

results found that the expressions of 

CD44+/CD24- were [90.8%] for CD44 (Fig. 

6A) and [ 14%] for CD24 (Fig. 6 C) in cell line 

group. whereas expressions of CD
44+

/CD
24-

 in 

the MCF-7 CSCs group was elevated to 

[98.8%] for CD44 (Fig. 6 B) and [ 5.6% ] for 

CD24 ( Fig. 6 D)  after being treated with 

DMEM-F12 supplemented with bovine serum 

albumin, basic fibroblast growth factor (bFGF), 

insulin, and epidermal growth factor (EGF) 

(Fig. 6). These results illustrated that the purity 

of MCF-7 cancer stem cells in the 

mammospheres is above 98% after being 

cultured in serum-free medium for 1 week. 

a) 

 
b) 

 
c) 

d) 

Fig. 6: Flow cytometry of phenotypes showing: 

(a) MCF-7 cell line stained with anti-CD44-

FITC antibody, (b) MCF-7 cancer stem cells 

mammospheres stained with anti-CD44-FITC 

antibody, c) MCF-7 cell line stained with anti-
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CD24-FITC antibody, and d) MCF-7 cancer 

stem cells mammospheres stained with anti-

CD24-FITC antibody. 

Discussion:  

In this study MCF7 cells were cultured and 

exposed to specific conditions that only cancer 

stem cells will survive in. cell line was cultured  

in serum-free DMEM-F12 supplemented 

with 0.4% bovine serum albumin,10 ng/ml 

basic fibroblast growth factor (bFGF), 5 mg/ml 

insulin, 20 ng/ml epidermal growth factor 

(EGF) and left incubated for a week without 

any disturbance [14].  

Some studies added different conditions plus 

to those as B27 believing in its role as a 

mammosphere formation promotor and 

prevention of adherences [15]. While in the 

present work we didn’t use it as mammospheres 

were created easily and once mammospheres 

were created at day 6, were collected, 

photographed and measured.  Cells were 

checked at day 1 after adding media that 

appeared as normal clear cell line and same for 

the first 3 days. Some changes begin to appear 

at day 4, small 2,3 cells together appeared 

clearly as small clusters of cells gathered 

around itself, non-adherent and then begin to 

increase in number and size with time. At day 6 

good mammospheres appeared clearly and were 

ready to be collected and examined [16].  

The mostly Identifying CSC way mainly 

depend on expression of cell surface markers as 

CD44 and CD24 as that combination of these 

transmembrane proteins have been widely used 

in cancer cells stemness characterization long 

time ago. It was reported that CD
44+ 

, CD
24-

 are 

are more tumorigenic than CD
44+

, CD
24+

, Al-

Hajj et al said . Moreover, CD
44+

, CD
24-

 Were 

accepted as CSC marker and a prognosis 

predictor for BC [17] 

Flow cytometry was used as an accurate 

detector. We evaluated the CD44/CD24 

phenotypes in breast cancer mammospheres 

and in cell line and compared them together in 

order to make sure CSCs were isolated 

successfully [18]. After comparing cell line 

CD44+/CD24- and CSCs CD44+/CD24-  

together, results indicated that the purity of 

MCF-7 cancer stem cells in the mammospheres 

is above 98% after being cultured in serum-free 

medium for 1 week [19].  

These mammospheres fulfilled with 

CD44+/CD24- cells which are prelevant in 

tumors play an important role in metastasis 

invasive step. studies suggested that 

CD44+/CD24− cells are much more rigorous in 

developing mammosphers. Therefore, breast 

cancer stem cells isolated from MCF7 cell line 

involve high tumorigenic potential [20]. Paying 

more attention to these isolated CSCs 

mammospheres allows us characterize the 

regulatory pathways of CSCs and 

understanding more about mechanisms of 

cancer relapse.  

Conclusion 

This study successfully cultured MCF7 cell 

line mammospheres with a CSC purity above 

98% after one week in serum-free conditions. 

These mammospheres offer a promising model 

for investigating the responsiveness of cancer 

stem cells to therapeutic drugs, providing a 

useful tool for future cancer research. 
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