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SUMMARY: Cancer has been considered as a stem cell disease. Suspension culture combined with anti-cancer drugs has
recently been proposed for isolation of cancer stem cells (CSCs). In the current study, Vincristine as an anti-canceirdrdgvithmb
suspension culture was used for isolation and purification of CSCs from human breast cancer cell line (MDA-MB231). The cells we
treated with different concentrations of vincristine (0, 2, 4, 6 and 8 ng/ml). Stem cells were identified with the exdr&xsioh, o
nanog, SOX2 and nucleostemin genes by RT-PCR. Mammosphere forming unit was measured upon suspension culture containing EGF,
bFGF, LIF, B27, insulin and BSA. The isolated mammospheres were investigated for CD44 expression. Results showed that 4 ng/ml o
vincristine for 72 hours could be utilized as the best and most reliable dose which eliminates around 80 % of non-cagitendtem c
no destructive effect on CSCs’ viability (P> 0.05). RT-PCR demonstrated that drug treated cells expressed OCT4, nanog, SOX2 and
nucleostemin. Mammosphere formation unit of cells pretreated with vincristine was significantly higher than unpretre&ed.06s (
Immunofluorescence staining for CD44 depicted high expression of CSC marker among the isolated mammospheres. Vincristine combin
with suspension culture can be considered as an appropriate method to isolate CSC.
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INTRODUCTION

Breast cancer remains a leading cause of mortaligphere formation in the suspension culture are strategies that
in women, despite numerous progress in its diagnosis aftave been performed to identify Breast Cancer Stem Cells
clinical treatment (Jemalt al, 2006). In the past decades,(Al-Hajj et al, 2003). Fluorescence-activated cell sorting
evidence has emerged the hypothesis that the tumorige(#CS) and Magnetic-activated cell sorting (MACS) are the
process is sustained by a small population of cancer cett®st common methods for cancer stem cell isolation.
that posses stem-like characteristics and named cancer skwvever, low viability of isolated cells and high expenses
cells (CSCs). The CSCs are characterized by their ability & sorting have decreased its efficacy (Cammaaeal,
undergo self-renewal, a process that leads to tumorigene®i®8; Marsdert al, 2009).
and contributes to tumor cellular heterogeneity (RetyaA,

2001; Clarkeet al, 2006; Charafe-Jauffret al, 2009). Cancer researchers have recently examined
suspension culture this procedure has been successfully

CSC populations have been identified in variety ofitilized to form breast cancer stem cell colonies in non-
malignancies, ranging from hematopoietic to several solgtherent culture condition and to measure their self-renewal
tumors including breast cancer tumors (Siegll, 2004; and differentiation abilities (Dontet al,, 2003; Pontét al,
Bapatet al, 2005; Fanget al, 2005; Collinset al, 2005; 2005; Farnieet al, 2007; Liuet al, 2007). Meanwhile, Yu
Princeet al, 2007; O'Brieret al, 2007; Ricci-Vitianietal, et al (2008) reported high efficacy of suspension culture
2007). Cell surface marker expression, fluorescent dyeethod for isolation of CSC from human glioblastoma cell
(Hoechst 33342) exclusion in the side population and tumiirie (U87).
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According to Liet al. (2007) hypothesis, Immunofluorescent staining. Cells were fixed in 4 %
chenotherapeutic agents may have the advantage pgardormaldehyde (PH = 7.4) and were blocked with nor-
destroy most dividing cells and retain breast cancer stenal goat serum (10 %). The primary antibody, rat anti-human
cells. So, in recent years suspension culture combin€é®44 (Santa Cruz Biotechnology, Inc. Santa Cruz, CA.
with anti-cancer drugs including vincristine, epirubicinlUSA), was added and was incubated overnight@t After
cisplatin and caffeine has provided an effective tool wwashing 3 times with PBS, the goat anti-rat IgG secondary
isolate, culture and purify CSCs (Mt al; Lou et al, antibody conjugated with FITC (Santa Cruz Biotechnology,
2010). The aimed of present study was to isolate CS@&. Santa Cruz, CA. USA) was added and was incubated at
from a human breast cancer cell line (MDA-MB231yoom temperature for 1 h. the cells were then washed 3 ti-
using suspension culture and Vincristine. mes with PBS and the images were captured using

fluorescent microscope (Nikon- Eclipse TS100-F).

MATERIAL AND METHOD Design of experimentThere were two sets of experiments:
First, determination of optimum dose of vincristine which
eliminates as much non-CSC as possible without destructive

Cell culture. Human breast cancer cell line (MDA-effect on CSCs viability. Both MTT assay and trypan blue

MB231) was purchased from NCBI (National Cell Banlstaining were conducted for CSCs viability. Second, for

of Iran) and maintained in RPMI-1640 medium with 1@dentification, isolation and characterization of breast CSCs,

% fetal bovine serum (FBS) at 37 °C and 5 %.CO self-renewal gene (OCT4, nanog, nucleostemin and SOX2)
expression was investigated in drug-resistant cells by RT-

Drug treatment. MDA-MB231 cells were plated at a PCR. Then, mammosphere formation abilities of suspension

density of 2 x 10cells/well in 24-well cell culture plates cultures of both drug-treated and non-treated cells were

and treated with different concentrations (0, 2, 4, 6 andc8mpared. Finally, mammospheres were characterized using
ng/ml) of vincristine (Richter; Hungry). Cell viability was immunofluorescence staining to investigate CSC marker
assessed at different time points (24, 48 and 72 h) bypression.

trypan blue dye exclusion and MTT assay (cell

proliferation kit, Roche, Denmark, cat# 1648809)Statistical analysis.Data were shown as mearstandard

Following the manufacture’s protocol, the cells labeledrror and were analyzed using one-way analysis of variance

with MTT (3-[4, 5-dimethylthiazol- 2-yl]-2, 5-diphenyl (ANOVA) followed by Tukey test to determine the optimum

tetrazolium bromide) reagent and were treated for 4 howtsse of vincristine. Also, t-test was used to compare the
at 37°C. Solubilization solution (10 % SDS in 0.01 Mpercentage of mammosphere formation units between drug-

HCI) was added to cells followed by overnight incubatiotreated and non-treated cells. Statistical analysis was

at 37°C. Finally, absorbance at 570 nm was measur@érformed using SPSS 16 for Windows and P values less

using photometer reader (Jenway spectrophotometer)than 0.05 were considered significant.

Suspension culture and mammosphere formation

assay.The same density (5 x €ells/well) of both drug- RESULTS

treated (4 ng/ml, 72h) and non-treated cells were plated

in 6-well culture plates which had previously been coated

with 1.2 % poly 2- hydroxyethylmethacrylate (Sigma- Base on the results shown in Fig. 1A, 4 ng/mi
aldrich, MI,USA). The drug-treated cells chosen fovincristine for 72 hours can eliminate approximately 80 %
suspension culture which remained attached to tloé non-resistant MDA-MB231 cells to vincristine. Drug
substrate and were alive. The culture medium used f@sistant ability could be considered as the first step for
sustaining stem-ness, known as cancer stem cell medipuanification of CSC from MDA-MB231 cell line. Following
(CSC medium), was RPMI-1640 containing 20 ng/mi4 hour treatment, the highest absorption (0.74) in MTT
epidermal growth factor (EGF), 10 ng/ml basic fibroblasissay was observed for control group while the lowest
growth factor (bFGF), 41g/ml insulin, 5ug/ml absorption (0.5) was seen at 8 ng/ml vincristine. Also, the
hydrocortisone, 10 ng/ml leukemia inhibitory factor (LIF) absorption decreased among higher doses after 48 hours (Fig.
0.5 % bovine serum albumin (InvitrogenCA. USA) 1B).

and B27 supplement. After seven days of culture, the Results demonstrated that cells pretreated with
percentage of mammosphere forming unit (MFU) wasncristine have much higher ability to form mature
calculated using a previously proposed formula (Harrisanammospheres after seven days of suspension culture with
et al, 2010). CSC medium (Figs. 2A, B). The percentage of MFU was
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A m2ng/ml m4ngiml 3.335 % in drug-treated cells in comparison Viith15 in
m6nofml m 3ngiml non-drug treated cells. Also, immunofluorescent staining
100 against CD44 antigen (breast CSC marker) proved that
20 the isolated mammospheres can be considered as a
80 purified CSC population (Fig. 3).
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Fig. 1. Both trypan blue dye exclusion (A) and MTT assay (B)

demonstrated significant decrease in viability of cells treated with -

high doses (6 and 8 ng) of vincristine in comparison with low ones e S
(2 and 4 ng) (P <0.05) .

Fig. 2 A. Mammosphere which from a single-cell was formed after

a
\ cultured in suspension culture condition after 7 days (x 200).
a; one day after plating, b, ¢; 3 and 5 days after plating, d; 7days
after plating. B; Results of MFU assay displayed remarkable
increase in percentage of MFU among cells pretreated with
vincristine (3.3 %) in comparison with those not treated (0.4 %),
(P<0.05).

Fig. 3. Expression of CD44 in mammosphere after cell

suspension culture. A, B; phase contrast microscopic photo of
mammosphere.

a, b; immunofluorescence photo that shows CD44 positive
cells.
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DISCUSSION SOX2. Embryonic stem cells (ESCs) are derived from the
inner cell mass of blastocyst and proliferate indefinitely
while maintaining pluripotency (Smith, 2001). Sox family

The current study indicated that vincristine, an anttranscription factors play an essential role in cell
cancer drug, combined with suspension culture could déferentiation, development and sex determination. SOX2
considered as a novel and efficient method to isolate CS@as previously thought to be the sole Sox protein expressed
from human breast cancer cell line (MDA-MB231). Thisn ES cells. SOX2 with OCT4 maintain ESCs self-renewal.
isolation was demonstrated based on MFU ability, CSi€anog is a recently identified divergent homeoprotein that
gene and surface marker expression of drug-treated cedin maintain self-renewal in ESCs. Nucleostemin plays

Also, suspension culture of both drug-treated and noan important role in proliferation and self-renewal of CSC

treated cells was performed to investigate the ability aind is also associated with self-renewal ability and

isolated cells to form mammospheres as one of the mastintenance of pluripotency in ESCs (Kafierathal.,

important distinguishing factors that has recently be&t006; Lacinaet al, 2006). These data provide compelling

used for CSCs identification. evidence of the presence of side-populations with stem-
like properties in breast cancer cell line (MDA-MB231).

The first evidence for isolation tumor-initiating cell

using suspension culture back to 2005 (Petrdl., 2005). We investigated CSCs with expression of self-

The chemotherapy agents may be taken advantagerdnewal genes OCT4, nanog, nucleostemin and SOX2 in

destroy most dividing cells and retain Breast CSCs. Sdrug-resistant cells. Rodax al (2005) and Avert al.

suspension culture combined with anti-cancer drugg006) showed the expression of OCT4, nanog and SOX2
including epirubicin, cisplatin and caffeine has provideth ESCs. Also, Ferberg (2007) indicated expression of these
an effective means for isolating, culture and purifyingenes in embryonic carcinoma. OCT4 and SOX2

CSCs in recent years. Vincristine has been used énpression in prostate, bladder, brain and lung were

different cell lines (Yiet al; Louet al). In our study, we reported by Schoenhakt al. (2009). Expression of

used vincristine because the cellular mechanism inhibiisicleostemin gene in embryonic and adult stem cells has
microtubule polymerization and induces apoptosis (Warkgeen confirmed previously (Laciea al.).

et al, 2003).

Breast CSCs have been identified as CD44+ and

It is a critical issue to determine the optimalCD24- subpopulations of breast cancer and by exhibition
concentration of vincristine. Certain criteria are requiredf stem cell features such as self-renewal, differentiation
to comply with the requirements of eradicating the vasiong various mammary epithelial lineages and ability to
majority of dividing cells and retaining the minimumgenerate stem cell sphere colonies (Al-téagl; Pontiet
number of dormant cells. Because stem cells are mailg 2006). We showed that mammospheres were positive
drug-resistant than non-stem cells, in sorting theory, stdor CD44 breast CSCs marker. This is in line with the
cells can separate from non-stem cells among tlpeevious results which showed tumor sphere can express
cancerous population (let al). In our experiment, we stem cell markers (Marsde al; Louet al).

used 4ng/ml drug concentration to eradicate about 80

percent of cell population as other same studies (Sihgh In conclusion, our results indicated that, culture es-

al., 2010). Our results of MTT assay illustrated vincristineablishment is a simple and accessible method for isolation

could be used for elimination of drug-sensitive cancaf CSCs. As a functional sorting method, culture establish-
cells without significant effect on viability and ment combined with anti-cancer regimens provides a no-
proliferation rate of CSCs. vel approach to enrich and purify CSCs. Combination of

Generation of tumor sphere is a useful tool to selepte-selected CSCs and suspension culture in CSC medium

a CSC population (Porgt al., 2005). In our experiments, could be useful for efficient isolation of CSC from cancer

we observed mammosphere formation in serum-freell lines like MDA-MB231.The possibility ofn vitro

suspension culture in CSCs medium including; EGF, bFGEolating and proagating CSCs will allow further

Insulin, LIF, B27, Hydrocortisone and BSA. Furthermoreinvestigations of selectively activated signaling transduction

we noticed that vincristine can increase mammosphewathways in the population of CSCs to better understand the

formation during suspension culture and this is the samechanisms underlying their survival strategy and to defi-
as the results of Yat al ne novel approaches in anti-tumor therapy.

We showed that drug-resistant cells express kéyCKNOWLEDGMENTS . This work was originated from
genes of stem cells: nanog, nucleostemin, OCT4 aiiSc. thesis. There is no conflict of interest in stisdy.
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linea celular MDA-MB231 utilizando vincristinént. J. Morphol., 34(4)1197-1202, 2016.

RESUMEN: El cancer ha sido considerado como una enfermedad de células madre. Recientemente se ha propuesto cultivo en
suspensién en combinacion con medicamentos contra el cancer para aislamiento de las células madre del cancer (CM@Jli&En este est
se utilizo la vincristina como farmaco anticanceroso combinado con cultivo en suspension para el aislamiento y purifieacion de
células madre cancerosas, de la linea celular de cancer de mama humano (MDA-MB231). Las células se trataron con diégrentes conc
traciones de vincristina (0, 2, 4, 6 y 8 ng/ml). Las células madre se identificaron mediante la expresion de los genas@CI NP
y nucleostemin por RT-PCR. La unidad de formacién mammosphere se midi6 a través de cultivo en suspension que contenja EGF, bFGF
LIF, B27, insulinay BSA. Los mammospheres aislados fueron estudiados para la expresion de CD44. Los resultados mostgdron que 4
ml de vincristina durante 72 horas podrian ser utilizados como la mejor y mas fiable dosis que permite eliminar alre@étidedat8
células madre no cancerosas, sin causar un efecto destructivo sobre la viabilidad de las CMC (P> 0,05). La RT-PCR mtzstré que en
células tratadas con él farmaco hubo expresion de los genes OCT4, Nanog, SOX2 y nucleostemin. La unidad de formaaifesde las cél
pretratadas con vincristina fue significativamente méas alta que las unidades sin tratamiento previo (P>0,05). La inmanof&uoresc
para CD44 muestré una alta expresion del marcador de CMC entre mammospheres aisladas. La vincristina en combinacién con el
cultivo en suspensién puede ser considerado como un método apropiado para aislar CMC.

PALABRAS CLAVE: Células madre cancerosas; Vincristina; Cultivo en suspension; MDA-MB231.
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