[image: image5.png]// (]‘ World Journal of
¢ Gastroenterology




	Radiobiological characteristics of cancer stem cells from esophageal cancer cell lines

Jian-Lin Wang, Jing-Ping Yu, Zhi-Qiang Sun, Su-Ping Sun

	CITATION
	Wang JL, Yu JP, Sun ZQ, Sun SP. Radiobiological characteristics of cancer stem cells from esophageal cancer cell lines. World J Gastroenterol 2014; 20(48): 18296-18305



	URL
	http://www.wjgnet.com/1007-9327/full/v20/i48/18296.htm



	DOI
	http://dx.doi.org/10.3748/wjg.v20.i48.18296



	OPEN ACCESS
	Articles published by this Open-Access journal are distributed under the terms of the Creative Commons Attribution Non-commercial License, which permits use, distribution, and reproduction in any medium, provided the original work is properly cited, the use is non commercial and is otherwise in compliance with the license.

	CORE TIP
	Radiotherapy is one of the major treatments for esophageal squamous cell cancer. However, resistance to radiotherapy is considered to be one of the main reasons for poor prognosis and high mortality rates in patients with esophageal cancers. In recent years, cancer stem cells have received significant attention in cancer research. Cancer stem cells are found tolerant to both radiotherapy and chemotherapy. In this study, we report the isolation of cancer stem cells from human esophageal cancer cell lines KYSE150 and TE1. The biological characteristics of cancer stem cells and their resistance to radiation are discussed. 



	KEY WORDS
	Esophageal neoplasms; Radiation resistance; Neoplastic stem cell; Cell spheres; Cell cycle



	COPYRIGHT 
	© 2014 Baishideng Publishing Group Inc. All rights reserved. 

	COPYRIGHT LICENSE
	Order reprints or request permissions: bpgoffice@wjgnet.com 



	NAME OF JOURNAL
	World Journal of Gastroenterology

	ISSN
	1007-9327 (print) 2219-2840 (online)

	PUBLISHER
	Baishideng Publishing Group Inc, 8226 Regency Drive, Pleasanton, CA 94588, USA

	WEBSITE
	http://www.wjgnet.com


Name of journal: World Journal of Gastroenterology

ESPS Manuscript NO: 11091
Columns: ORIGINAL ARTICLE
Radiobiological characteristics of cancer stem cells from esophageal cancer cell lines

Jian-Lin Wang, Jing-Ping Yu, Zhi-Qiang Sun, Su-Ping Sun

Jian-Lin Wang, Jing-Ping Yu, Zhi-Qiang Sun, Su-Ping Sun, Department of Radiation Oncology, Changzhou Second People’s Hospital Affiliated to Nanjing Medical University, Changzhou 213003, Jiangsu Province, China
Author contributions: Wang JL wrote the manuscript; Yu JP and Sun SP designed and performed the study, analyzed the data and revised the paper; Yu JP, Sun SP and Sun ZQ helped perform a portion of the study.

Supported by Leading Scientific Research Project of the Health Department of Jiangsu Province, China, No. Z201220; Major Project of the Health Department of Changzhou, China, No. ZD201105; and Changzhou Sci-Tech Support Project for Social Development, No. CE20125021

Correspondence to: Su-Ping Sun, PhD, Department of Radiation Oncology, Changzhou Second People’s Hospital Affiliated to Nanjing Medical University, Labor Lane, Changzhou 213003, Jiangsu Province, China. ssp56@126.com

Telephone: +86-519-88118723  Fax: +86-519-88115560

Received: May 4, 2014               Revised: June 28, 2014   Accepted: July 16, 2014

Published online: December 28, 2014

Abstract
AIM: To study the cancer stem cell population in esophageal cancer cell lines KYSE-150 and TE-1 and identify whether the resulting stem-like spheroid cells display cancer stem cells and radiation resistance characteristics.

METHODS: A serum-free medium (SFM) suspension was used to culture esophageal cancer stem cell lines and enrich the esophageal stem-like spheres. A reverse transcription polymerase chain reaction assay was used to detect stem cell gene expression in the spheroid cells. Radiosensitivity of stem-like spheres and parental cells were evaluated by clonogenic assays. Furthermore, different cells after different doses of irradiation were tested to evaluate the change in sphere formation, cell cycle and CD44+CD271+ expression of tumor stem-like spheroid cells using flow cytometry before and after irradiation. 

RESULTS: The cells were observed to generate an increased number of spheres in SFM with increasing cell passage. Radiation increased the rate of generation of stem-like spheres in both types of cells. The average survival fraction (SF2) of the cultured KYSE-150 compared with TE-1 stem-like spheres after 2 Gy of radiation was 0.81 ± 0.03 vs 0.87 ± 0.01 (P < 0.05), while the average SF2 of KYSE-150 compared with TE-1 parental cells was 0.69 ± 0.04 vs 0.80 ± 0.03, P < 0.05. In the esophageal parental cells, irradiation dose-dependently induced G2 arrest. Stem-like esophageal spheres were resistant to irradiation-induced G2 arrest without significant changes in the percentage population of irradiated stem-like cells. Under irradiation at 0, 4, and 8 Gy, the CD44+CD271+ cell percentage for KYSE150 parental cells was 1.08% ± 0.03% vs 1.29% ± 0.07% vs 1.11% ± 0.09%, respectively; the CD44+CD271+ cell percentage for TE1 parental cells was 1.16% ± 0.11% vs 0.97% ± 0.08% vs 1.45% ± 0.35%, respectively. The differences were not statistically significant. Under irradiation at 0, 4, and 8 Gy, the CD44+CD271+ cell percentage for KYSE-150 stem-like spheres was 35.83% ± 1.23% vs 44.9% ± 1.67% vs 57.77% ± 1.88%, respectively; the CD44+CD271+ cell percentage for TE1 stem-like spheres was 16.07% ± 0.91% vs 22.67% ± 1.12%, 16.07% ± 0.91% vs 33.27% ± 1.07%, respectively. The 4 and 8 Gy irradiated KYSE-150 and TE-1 stem-like spheres were compared with the 0 Gy irradiated group, and the differences were statistically significant (P < 0.05). 

CONCLUSION: The KYSE-150 and TE-1 stem-like spheres are more radioresistant than their parental cells which may suggest that cancer stem cells are related to radioresistance. 
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Core tip: Radiotherapy is one of the major treatments for esophageal squamous cell cancer. However, resistance to radiotherapy is considered to be one of the main reasons for poor prognosis and high mortality rates in patients with esophageal cancers. In recent years, cancer stem cells have received significant attention in cancer research. Cancer stem cells are found tolerant to both radiotherapy and chemotherapy. In this study, we report the isolation of cancer stem cells from human esophageal cancer cell lines KYSE150 and TE1. The biological characteristics of cancer stem cells and their resistance to radiation are discussed. 

INTRODUCTION
Esophageal cancer (EC) is one of the six most common malignant tumors worldwide[1]. There is increasing evidence to show that a cell subset in the tumor tissue may play an important role in tumorigenesis, neoplasia and metastasis. This subset of cells is highly metastatic and resistant to chemo-radiotherapy and these cells are known as cancer stem cells (CSCs)[2-6]. In addition, studies have demonstrated that CSCs are tolerant to both radiotherapy and chemotherapy. Although researchers have isolated CSCs from various tumor tissues and cell lines[7-11], isolation, enrichment and culture of CSCs from esophageal cancer are still a challenge which needs to be addressed in order to study the molecular mechanisms involved in esophageal cancer.

With the rapid advancements in radiobiology and accumulation of clinical data, it is now believed that an accelerated repopulation of surviving CSCs in conventional fraction radiotherapy is the main reason for the failure of conventional fraction radiotherapy. Since the accelerated repopulation of cancer cells may primarily occur 3-5 wk after conventional fraction radiotherapy, the use of hyper-fractionated accelerated radiation therapy with an increased frequency, abbreviated treatment course, but similar total radiation dose as the conventional fraction radiotherapy, may prevent the accelerated repopulation of cancer cells[12-14]. Zhang et al[15] reported that a group of radiation-resistant cells displayed similar characteristics to CSCs after continuous segmentation irradiation performed for esophageal cancer. These cells demonstrated higher telomerase activity, enrichment of side- population cells and higher expression of -catenin, OCT3/4 and -integrin. Cancer cells can be killed by radiation, whereas CSCs are resistant to radiation. DNA damage repair in CSCs is one of the main reasons leading to failure of radiotherapy[16,17]. Repair of DNA damage is achieved by activating a series of effector molecules in the cell cycle checkpoint, such as effect enzyme Chk2 and Chkl[18,19]. Cancer stem cells develop into new neoplasms through proliferation and differentiation resulting in tumor recurrence. McCord et al[20] demonstrated that CD133+ deficient malignant glioma stem cells do not respond to DNA damage and are sensitive to radiotherapy, supporting the important role of DNA damage checkpoint response in radioresistance.

In this study, we attempted to isolate a cancer stem cell-enriched mass from human esophageal cancer cell lines, KYSE150 and TE1, and thereby provide a satisfactory cell model for in vitro studies related to specific gene expression and abnormal signal transduction pathways involved in esophageal CSCs. Furthermore, we demonstrated that the cell mass isolated from esophageal cancer cell lines possesses cancer stem cell characteristics such as high invasion and self-renewal. We also tried to use CD271+ CD44+ as a cancer stem cell surface marker. The isolated cell mass was also resistant to radiation. Thus, we demonstrated that the esophageal cancer stem cell mass is responsible for the development of resistance to radiation.

MATERIALS AND METHODS
Cell sphere-forming culture

Human esophageal cancer cell lines KYSE150 and TE1 were purchased from Shanghai Biological Cell Bank (Shanghai, China). Cells were cultured in 1640 medium (Gibco, United States) containing 10% fetal calf serum supplemented with 100 U/mL penicillin and 100 mg/L streptomycin and incubated at 37 ℃, 5% CO2 and 100% humidity. Cells were passaged every 2 d. Cells in the logarithmic phase were chosen for the experiments. Serum-free medium (SFM) consisted of RPMI-1640 (1:1), B27 (1:50) (Invitrogen, United States), epidermal growth factor (20 ng/mL) (PeproTech, United States), basic fibroblast growth factor (20 ng/mL) (PeproTech, United States), insulin 5 g/mL, transferrin 10 g/mL and 0.5% bovine serum albumin. The cells were resuspended in SFM and plated in low adhesion 6-well culture plates (Corning, United States) at 1 × 105 cells/well. The cells were then incubated at 37 ℃. Fresh SFM (1 mL) was added every other day to replenish the old medium.

Self-renewal and induced differentiation of cell spheres 

Logarithmic phase KYSE150 and TE1 cells were collected. Monolayer adherent cultured KYSE150 and TE1 cells were digested using 0.25% pancreatin containing 0.02% EDTA. The cells were plated in low adhesion 6-well culture plates at 1000 cells/well. Cell spheres were collected 3-4 d after routine culture and then mechanically dispersed to form a single cell suspension. Next, the cells were resuspended in the SFM mentioned above and passaged at a proportion of 1:1. Three generations of cell spheres were counted continuously. Cell spheres formed 10 d after culture in SFM were placed in SFM again and were differentiated. Morphological changes were observed under an inverted microscope.

Multiplication capacity of cell spheres

The two types of cells and cell spheres were respectively made into two single cell suspensions. The cell suspensions were placed in 96-well plates at a density of 1 × 104 cells/well in a volume of 200 L/well. Medium only was added to the control group. The cells were incubated at 37 ℃ and 5% CO2. The assay was performed on pore plates at 24 h intervals for 6 d. The mean values of each assay were recorded. The assay was performed as follows: 20 L (5 mg/mL) MTT (Sigma, United States) was added to 180 L basal culture medium and incubated at 37 ℃ for 4 h. Thereafter, the medium was removed and 150 L DMSO was added to each well and shaken for 10 min. Optical density (A, 490 nm) was measured using a microplate reader. The cell growth curve was plotted with A on the Y axis and time on the X axis.

Transwell chamber experiments

The bottom of the Transwell chamber (Millipore) was coated with Matrigel (BD, United States) dissolved in SFM with RMPI 1640 (1:4). After allowing the gel to set, the remaining supernatant was aspirated. KYSE-150 and TE-1 parent cells and cell spheres from the logarithmic phase were dispersed into a single cell suspension and counted. Cells 1 × 104 and serum free 1640 medium were added to the inside of the Transwell invasion chamber, while 1640 medium was supplemented with 10% fetal calf serum and added to the outer chamber. Each group of cells was taken out of the chamber after 12 h of routine culture. Cells on top of the microporous membrane were wiped off and stained with crystal violet, followed by rinsing with PBS. Cells on the lower side of the membrane were observed under microscope. In each slice, 5 fields showing cells in relatively high concentration were randomly selected and the invasive cell population was counted to obtain a mean value. Each group of experiments was repeated 3 times. 

Reverse transcription polymerase chain reaction analysis

KYSE150 and TE1 parent cells and cell spheres in logarithmic growth phase, passaged for at least three generations were collected. Cells were digested and centrifuged to obtain a cell precipitate. Total RNA was isolated using Trizol. Reverse transcription was performed according to the manufacturer’s instructions in the reverse transcription polymerase chain reaction (RT-PCR) kit (Thermo, United States). The reaction conditions used were as follows: Incubation at 60 ℃ for 60 min, and then 25 ℃ for 5 min. Reverse transcription and amplification were conducted using the RT-PCR kit and the pre-composed primer (Table 1). PCR cycle parameters were as follows: initial denaturation, 94 ℃ for 5 min; 94 ℃ for 30 s, 55 ℃ for 30 s, 72 ℃ for 30 s, cycled 30 times followed by a final incubation for 7 min at 72 ℃. The PCR products were stored at 4 ℃. Ten microliters PCR product and 2 L 6 × loading buffer were added to each well for electrolysis on a 1% sepharose gel. The gel was stained with ethidium bromide for DNA visualization. Semi-quantitative analysis of the bands was performed using Bandscan 5.0 gel image analysis software. All primers were synthesized by Shanghai Sheng Gong Co. (Shanghai, China). 

Formation of spheres after exposure to radiation

The ability of KYSE150 and TE1 cells to form spheres after exposure to radiation was determined. Twenty-four hours after exposure to a radiation dose of 2, 4, 6, 8 and 10 Gy, KYSE150 and TE1 cells were digested, centrifuged and resuspended in SFM. The cells were then seeded in low adhesion 6-well plates at 10000 cells/well. After 10 d, cell spheres formed from the cancer cells were counted. Cancer cells with no exposure to radiation served as controls. Methods of irradiation: a Primus-H medical linear accelerator (Siemens, Germany) was employed for radiation, with a 6 MV X-ray, 30 cm × 30 cm beam size, 1 Gy/min dosage rate with the radiation source at a distance of 100 cm from the cell growth surface. The X-ray irradiation device was provided by the Second People’s Hospital of Changzhou, China (Primus-H medical linear accelerator produced by Siemens).

Clone formation assay

Adherent culture cells and cell spheres were digested and evenly inoculated into 6-well plates at different densities (5 × 102, 1 × 103, 2 × 103, 5 × 103, 1 × 104 and 2 × 104 cells) and subjected to different irradiation doses (0, 2, 4, 6, 8 and 10 Gy). Three samples were used in each group and each irradiation dose. The cells were then cultured for 14 d after irradiation. Next, the cells were fixed in methanol and stained with crystal violet. Cell colonies with more than 50 cells were counted under microscopy. Planting efficiency in different experimental conditions was calculated. Planting efficiency, PE (%) = colony number/inoculated cells × 100% and survival fraction, SF = colony number in one irradiation dose group/(inoculated cells in the group × PE in the non-irradiation group). A cell survival curve was fitted using a multi-target single-hit model S = 1 - (1 - e-D/Do)N on Graphpad Prism 5 Demo software. The radiobiological parameters, D0, Dq and SF2, were assayed and calculated. Independent experiments were repeated 3 times.

Cell cycle distribution analysis

Adherent culture cells and esophageal cancer cell spheres cultivated for more than 3 generations in a logarithmic growth phase were disrupted into single cell suspensions and the cell density was adjusted to l × l06/mL. Cells were collected and digested 24 h after exposure to radiation at doses of 0, 2, 4 and 6 Gy. Then 70% precooled ethanol was added to the cells which were kept overnight at -20 ℃. The cells were stained for 1 h in 10 g/mL propidium iodide and 5 g/mL RNaseA at 4 ℃ in the dark. Cell cycle changes were detected using flow cytometry.

Detection of cell surface markers CD44+, CD271+ and CD44+CD271+
Suspended cultured esophageal cancer cell spheres passaged after 3 generations and cultured adherent cancer cells were collected. The cells were digested or mechanically dispersed into single cell suspensions 24 h after irradiation at 0, 4 and 8 Gy. Cell density was adjusted to 1 × l06/100 L and monoclonal antibodies, rat against human, marked by CD44-FITC (Abcam, United States) and CD271-PEcy7 (BD, United States) were added. No antibodies were added to the control group. The cells were then incubated for 30 min at 4 ℃ in the dark, rinsed twice in PBS followed by detection using flow cytometry. All experiments were carried out in triplicate within 1 h of staining. 

Statistical analysis

The results were analyzed by IBM SPSS 20.0 software. Data are expressed as mean ± SD. T tests were used for comparison of two groups and one-way analysis of variance was used for multiple data comparison. The Q test was used for pairwise comparisons. P < 0.05 was considered statistically significant.

RESULTS
Cell spheres isolated from esophageal cancer cell lines KYSE150 and TE1 in a serum-free suspension culture have characteristics of cancer stem cells 

Observation under an inverted phase contrast microscope indicated cell clusters of various sizes suspended in SFM. The edge of the cell spheres displayed high refractivity. Cell spheres gradually increased in size and attained a more regular spherical shape after prolonged culture (Figure 1A). Each group of cell spheres was passaged for 3 generations. The cell sphere formation rate increased with passage number (P < 0.05, Figure 1B). Microscopic observation indicated that most cell spheres adhered after 6 h, with irregular forms (Figure 1C), and the number of adherent cells increased markedly after 24 h. Migrated cells were radially distributed and after 48 h, most cell spheres disappeared. Cells grew adherent to the wall, with cellular morphology similar to those in normal serum culture. 

The MTT colorimetric method was used to measure the optical densities of cell spheres and adherent cells after different time periods. The results indicated that the multiplication capacity of KYSE150 and TE1 cell spheres was significantly higher than that of normal adherent cells (Figure 1D). Objective bands with uniform brightness were seen at 134 bp in all the experimental groups. For GAPDH, objective bands with non-uniform brightness were seen at 631 bp and at 533 bp in groups BMI-1 and SOX-2 (Figure 1E). The expression of stem cell genes, BMI-1 and SOX-2, in KYSE150 and TE1 cell spheres was much higher than the expression level in parent cells. Transwell migration experiments demonstrated a much higher invasion capacity of KYSE150 and TE1 cell spheres when compared with the parent cells (P < 0.05, Figure 1F).

Cancer stem cell spheres are resistant to radiation

The formation rate of cell spheres increased after irradiation at different doses. The number of cell spheres obtained after irradiation of KYSE150 cells (with irradiation doses of 2, 4 and 6 Gy) was more than the non-irradiated cells. The number of TE1 cell spheres irradiated at 2 and 4 Gy was more than the non-irradiated controls (P < 0.05, Figure 2). These findings suggest that irradiation increased the rate of cell sphere formation in KYSE150 and TE1 cell lines in vitro. Following irradiation with five different irradiation doses, cell spheres and parent cells were cultured for 14 d. KYSE150 stem-like spheres and parental cells SF2Gy were 0.81 ± 0.03 vs 0.69 ± 0.04, TE1 stem-like spheres and parental cells SF2Gy were 0.87 ± 0.01 vs 0.80 ± 0.03, and the differences were statistically significant (P < 0.05). KYSE150 stem-like spheres and parental cells D0 were 3.09 ± 0.14 vs 1.98 ± 0.2, TE1 stem-like spheres and parental cells D0 were 3.03 ± 0.12 vs 1.84 ± 0.10, and the differences were statistically significant (P < 0.05). KYSE150 stem-like spheres and parental cells Dq were 2.52 ± 0.26 and 1.89 ± 0.17, TE1 stem-like spheres and parental cells Dq were 3.11 ± 0.15 and 2.54 ± 0.17, respectively (P < 0.05).

Irradiated cell spheres resist G2 phase retardation

Irradiation retarded the G2 phase of parent cells in KYSE150 and TE1 cell lines. A higher dose of irradiation had a more obvious effect on inhibition of the cell cycle. Cell spheres in KYSE150 and TE1 cell lines displayed no G2 phase retardation (Figure 3). Under the same irradiation dose, the anti-proliferative effects of radiation on CSCs were significantly weaker than those on esophageal cancer parent cells (P < 0.05). 

The expression of CD44+, CD271+ and CD44+CD271+ in KYSE150 and TE1 parent cells were markedly lower than those in the cell spheres (Figure 4). Under different irradiation doses, the proportion of CD44+CD271+cells in KYSE150 and TE1 parent cells exposed to 0, 4 and 8 Gy irradiation were not different among the groups. However, the proportion of CD44+CD271+ cells in KYSE150 and TE1 cell spheres was significantly different among all groups (P < 0.05, Figure 4A and C).

DISCUSSION

Cancer stem cells are thought to be the root cause of tumorigenesis, invasion, metastasis and resistance to routine chemo-radiotherapy[21-23]. As cancer cells are believed to originate from CSCs, these cells are also known as tumor initiating cells[24,25]. Many studies have proved that CSCs present in solid tumors lead to resistance to radiotherapy or chemotherapy, which accounts for the failure of contemporary treatments[26-28]. Thus, it is imperative to study the influence of radiotherapy on cancer cells as well as the effects on the proliferation and cell cycle of CSCs in order to elucidate the mechanisms responsible for resistance to radiation. This could also provide insights regarding new targets for further studies on esophageal cancer radioresistance.

There are several features associated with CSCs[29-31]: (1) self-renewal ability: CSCs can develop daughter cells identical to the last generation, thus maintaining continuous tumor growth; (2) differentiation potential: CSCs can develop into diverse differentiated cells to form new tumors in vivo; (3) high tumorigenicity: Even the injection of a few CSCs into experimental animals can result in a tumor, whereas higher numbers of cancer cells need to be injected in order to form tumors; and (4) drug resistance: Most cancer stem cell membranes express ATP-binding cassette membrane transport proteins. These proteins can transport and excrete substances including metabolites, drugs, toxic substances, endogenous lipids and polypeptides, thus making CSCs resistant to many anti-cancer drugs.

The effects of radiotherapy are mainly achieved by damage to the cell DNA, which affects the proliferation state of cells and changes the cell cycle, resulting in cell death or apoptosis. CSCs are usually in G0/G1 phase, a relatively stationary cell cycle phase[32]. CSCs express high levels of adenosine triphosphate binding proteins and have a high DNA repair capacity. Therefore, it is plausible that the mechanism of radiation resistance in CSCs is associated with the repair of damaged DNA and the influence of transduction pathways such as cell cycle control, cell apoptosis and cell proliferation. Bao et al[19] reported an association between CD133+ cells and cell survival after exposure to radiation. They demonstrated that CD133+ glioblastoma multiforme cells, isolated after radiation therapy of glioblastoma and heterotransplanted to in vitro cell cultures and in vivo cancer cells demonstrated a higher cancer cell survival rate after radiotherapy.

At present, the sorting methods for CSCs primarily include magnetic activated cell sorting, flow cytometry and the SFM. The device and magnetic beads for magnetic activated cell sorting are expensive, while sorting by flow cytometry has high requirements regarding the device and technique. Thus, the application of both methods is limited. Cancer stem cells can be cultured using the suspension culture method in SFM to form stem cell spheres in order to isolate the cancer stem cell mass. This method has been used to isolate, culture and identify CSCs in various squamous-cell carcinomas[33-36]. By the SFM culture method, we successfully obtained cell spheres from two esophageal cancer cell lines, which were significantly different from homologous cells obtained from SSM culture. The expression of genes characteristic of stem cells was much higher than that of cell spheres, suggesting an enrichment of the cancer stem cell mass in cell spheres from those in parent cells; MTT and Transwell chamber experiments demonstrated that cell spheres isolated by suspension culture were highly proliferative and invasive.

Exposure to a specific dose of irradiation increased the rate of sphere formation in both cell lines, indicating that irradiation in vitro markedly enhanced the sphere formation ability of KYSE150 and TE1 cell lines. We also found that under conditions of irradiation, esophageal cancer parent cells were retarded in G2 phase more obviously when compared to the cell spheres in the cancer stem cell mass. Furthermore, esophageal cancer stem cell spheres were resistant to G2 phase retardation and displayed no obvious changes in cell cycle distribution. At present, there are no precise markers on the surface of esophageal CSCs. However, some studies have indicated that esophageal squamous carcinoma CD44[37] and CD271 (P75NTR/NGFR)[38,39] positive cells display some features of CSCs such as tumorigenesis, differentiation, drug resistance and self-renewal. Therefore, we chose these as reference markers to reflect cancer stem cell characteristics in esophageal squamous carcinoma cells. We found that irradiation (4 and 8 Gy) significantly increased CD44+CD271+cell mass in cell spheres. Furthermore, in esophageal cell spheres, CD44+CD271+cell number was higher in comparison with the parent cells.

In conclusion, the serum-free suspension culture discussed in this study is a low cost, affordable and feasible method to isolate CSCs. Through SFM suspension culture, cell spheres rich in esophageal CSCs can be isolated and display a high proliferative capacity. These cells can also be passaged and amplified stably in vitro. Therefore, this culture method can be temporarily used as a tool for esophageal cancer stem cell studies. The mechanism of CSCs radioresistance may be associated with the repair of damaged DNA indicating the involvement of signal transduction pathways such as cell cycle regulation and proliferation. In this study, we found that esophageal cancer cell spheres with stem cell characteristics were more resistant to radiation than their respective parent cells. At present, studies on the radioresistance of esophageal CSCs are still in their infancy and there are still many open questions that need to be answered regarding the characteristics of esophageal CSCs.

COMMENTS
Background

Cancer persistence and recurrence are the major factors affecting the efficacy of radiation therapy in esophageal cancer. The reason for this is the radiation resistance of esophageal cancer. In recent years, cancer stem cells have become a hot topic in the field of cancer research. To date, there are no research reports on the role of cancer stem cells (CSCs) in esophageal cancer radiation resistance. 

Research frontiers

CSCs have been demonstrated to be a target in radiation therapy, however, few reports on esophagus CSCs as a radiation-resistance agent are available, and their influence on radiation remains undetermined. 

Innovations and breakthroughs

In this study, the authors found more CSCs in esophageal cancer (EC) spheres than in the EC parental cell lines. The stem-like spheres were more radioresistant than their parental cells, which may suggest that CSCs are related to radioresistance.

Applications 

CSCs status during radiotherapy is of great significance in predicting prognosis.

Terminology

CSCs are cancer cells that possess characteristics associated with normal stem cells. CSCs are therefore tumorigenic (tumor-forming), in contrast to other non-tumorigenic cancer cells. CSCs may generate tumors through the stem cell processes of self-renewal and differentiation into multiple cell types. 

Peer review

This study focuses on sphere formation and radio-sensitivity of two esophageal cancer cell lines, as well as their influence on self-renewal of sphere-type cultures, cell cycle and cell surface markers.
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FIGURE LEGENDS
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Figure 1  Differences in the biological characteristics of parent cells and spheres. A: Cell spheres of different sizes suspended in the medium. The size of cell spheres gradually increased (× 200) with extended culture time; B: As the passage number increased, the rate of formation of cell spheres increased; C: Microscopic observation indicated that most cell spheres adhered after 6, 24 and 48 h; D: Cell growth was determined by the MTT assay. The multiplication capacity of KYSE150 and TE1 cell spheres was significantly higher than that of normal adherent cells; E: The expression of stem cell genes, BMI-1 and SOX-2, in cell spheres was increased; F: Transwell migration experiments demonstrating the invasion ability of KYSE150 and TE1 cell spheres in comparison with the invasion ability of parent cells.
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Figure 2  Rates of two types of cells generating stem-like spheres and differences in radiation sensitivity  between stem-like spheres and parental cells. A: Influence of irradiation dosage on cell sphere formation. Formation rates were increased at doses of 2, 4 and 6 Gy in the KYSE150 cell line and at doses of 2 and 4 Gy in the TE1 cell line (P < 0.05); B: The differences in sensitivity to radiation between cell spheres and adherent cells were compared in a clone formation assay. Cell spheres were also more radioresistant than parent cells (P < 0.05).
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Figure 3  Influence of irradiation on cell cycle distribution changes. KYSE150 and TE1 parent cells were clearly retarded at G2 phase, whereas the respective cell spheres were not.
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Figure 4  Proportion changes of CD44+CD271+ cells in parental cells and stem-like spheres with different doses of radiation. A: Expression of CD44+, CD271+ and CD44+CD271+ were detected by flow cytometry; B: The differences in CD44+CD271+ cell proportion in parent cells and cell spheres under different irradiation doses were significant. In addition, the proportion of KYSE150 and TE1 cell spheres under irradiation doses of 4 and 8 Gy was significantly different from that of 0 Gy, aP < 0.05 vs control group. 
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Table 1  Polymerase chain reaction primer sequences


Gene product�
Forward (F) and reverse (R) primers (5'→3')�
Size (bp)�
�
BMI-1�
F: GAGCTAAATCCCCACCTGATGTG�
631�
�
�
R: 5'-GTGGACCATTCCTTCTCCAGG�
�
�
SOX-2�
F: 5'-CCAGGAGAACCCCAAGATGCACA�
533�
�
�
R: 5'-GCTGCGAGTAGGACATGCTGTAGG�
�
�
GAPDH�
F: 5'-GGAAGGTGAAGGTCGGAGT�
134�
�
�
R: 5'-TGGGTGGAATCATATTGGAA�
�
�









