
 
 

 

 

 

ABSTRACT 

            Background and objectives: Docetaxel is a chemotherapeutic agent commonly 

used for treatment of many cancers, including esophageal squamous cell carcinoma. 

Docetaxel induces G2/M phase cell cycle arrest and ultimately cell death. In this study, we 

aimed to assess the effects of docetaxel on YM1 cells considering exposure time and dose.  

            Methods: After calculating the doubling time of YM1 cells, the anti-proliferative 

effect of different concentrations of docetaxel (0.1-10 nM) after 24, 48 and 72 hours was 

assessed by the standard colorimetric assay. In addition, the effect of docetaxel on cell cycle 

was evaluated by flow cytometry.  

            Results: The results showed that docetaxel toxicity was not significant until 24 

hours at the tested concentrations (P>0.05). In addition, the effect of docetaxel on the cells 

was time-dependent at all tested concentrations. Overall, the duration of exposure to 

docetaxel had more significant role in docetaxel toxicity in YM1 cells compared to 

concentration.  

            Conclusion: Our findings suggest that the cytotoxicity of docetaxel on YM1 cells is 

time-dependent.  

            Keywords: Docetaxel, Cell cycle,  Esophageal Neoplasms.  
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ethics committee of the Golestan University of 

Medical Sciences (ethics code: 

IR.GOUMS.REC.1396.317). 

 Previously established human EC cell line 

YM1 was kindly provided by Dr. Asadi. YM1 

cells were cultured in DMEM/F12 Glutamax 

(low glucose) (BIO-IDEA Co., Iran) 

supplemented with 10% fetal bovine serum 

(FBS) and penicillin/streptomycin at 37 ℃. 

The cells were passaged regularly at 70% 

confluency. For doubling time assessment, 

250×10
3
 cells were cultured for 24, 48 and 72 

hours, and then viable cells were counted by 

trypan blue staining and electron microscopy 

(Nikon).  

Anti-proliferative effect of docetaxel (Sigma, 

USA) was determined by MTT assay. In brief, 

5×10
3
 cells were seeded onto 96-well plate 

containing medium supplemented with 5% 

FBS. After overnight incubation, the cells 

were treated with different concentrations of 

docetaxel (0.1, 1 and 10 nM) for 24, 48 and 72 

hours. The cells were then incubated with 

MTT solution (Promega, USA) for two hours 

and later washed with dimethyl sulfoxide. 

Docetaxel toxicity was measured by reading 

absorbance at 570 nm using an ELISA Reader.  

For the cell cycle assessment, flow cytometry 

with PI staining (Sigma, USA) was performed. 

The cells treated with different concentrations 

of docetaxel were harvested by trypsinization 

and washed twice with cold phosphate buffer 

saline (PBS). The cells were treated with PBS 

containing Triton X−100 (0.1%) and RNAaseI 

(10 μl/ml) for 30 min at 37 °C. Next, the cells 

were stained with PI (10 μg/ml in PBS) and 

cell cycle profile was analyzed by flow 

cytometry (BD Accuri System, USA). The 

results were analyzed using the FlowJo VX 

software. 

Data were analyzed by SPSS two-way 

ANOVA and Bonferroni test at significance of 

0.05.  

 

RESULTS  

Based on the results of trypan blue staining, 

the number of YM1 cells duplicated 

approximately after 40 hours (Figure 1).  

 

 

 

 

 

 

INTRODUCTION 

Esophageal cancer (EC) is the eighth most 

common cancer and the sixth most common 

cause of cancer-related mortality worldwide. 

Esophagus squamous and adenoma carcinoma 

are two common histopathological types of EC 

(1, 2). Esophageal squamous cell carcinoma 

(ESCC) is more prevalent in the northern 

regions of Iran, especially in the Golestan 

Province. Hot fluids, some medications and 

genetic factors are associated with the 

incidence of ESCC in this area (3). 

Various strategies are available for treatment 

of ESCC including surgery, radiotherapy and 

chemotherapy (4). Cisplatin and fluorouracil 

are used as first-line therapy, and docetaxel is 

used as a chemotherapeutic for metastatic 

patients (5-7). Docetaxel is an antimitotic 

agent from the taxan family that is commonly 

used against many cancers, such as EC. 

Nowadays, docetaxel is used alone or in 

combination with other drugs and therapies in 

patients with prostate cancer (8), ovarian 

cancer, breast cancer (9) and ESCC (7, 10). 

Patients treated with docetaxel receive certain 

medication regimens at a given time and dose 

depending on the disease progression or cancer 

grade (11). Docetaxel disrupts the microtubule 

organization by binding to β-tubulin, thereby 

leading to Bcl-2 phosphorylation, cell cycle 

arrest and apoptosis. Various resistance 

mechanisms exist in cancer cells to reduce 

docetaxel efficiency such as overexpression of 

multi-drug resistance protein, mutation in 

apoptotic protein and class III β-tubulin 

overexpression. Nevertheless, the 

identification of docetaxel resistance markers 

is still challenging (12, 13). According to 

previous studies, taxans may have different 

mechanism of function depending on the time 

and dosage (14). It is important to use 

optimum doses of chemotherapeutic agents to 

achieve desirable outcomes without noticeable 

side effects (15).  In this study, we aimed to 

assess anti-tumor effect of docetaxel on YM1 

EC cell line based on exposure time and dose.  

 

MATERIAL AND METHODS 

This  experimental study  was approved by the  

 

 

 

 

 

Figure1- The growth curve and doubling time of YM1 cells at 24, 48 and 72 hour. 
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hours (P-value<0.01). 

In addition, the effect of docetaxel on the cells 

was time-dependent at all tested 

concentrations (Figure 2). 

The morphologic assessment of EC cells with 

light microscopy showed that exposure to 

docetaxel resulted in mitotic cell arrest with 

typical rounded shapes (Figure 3).  

 

 

 

 

 

 

dose-dependent. Furthermore, the cell cycle 

arrest was followed by cell death at low 

concentrations during YM1 cell line’s 

doubling time (Figure 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To determine effects of docetaxel, EC cells 

were treated with various concentrations of the 

drug for 24, 48 and 72 hours. The results 

showed that docetaxel toxicity was not 

significant until 24 hours at the tested 

concentrations. Increasing the drug 

concentration up to 100 nM had a direct 

relationship with cell death at 48 hours vs. 72 
 

 

 

 

 

 

 

The flow cytometry assessment of cell cycle 

demonstrated that docetaxel induced G2/M 

phase cell cycle arrest in the YM1 cells. We 

also found that the effects of the drug was not  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2- Docetaxel toxicity at different concentration (10-10000 nM) after 24, 48 and 72 hours. Docetaxel had 

significant toxicity in a time-dependent manner after 48 and 72 hours (P-value<0.05). No significant toxicity was 

observed at the tested concentrations after 24 hours (P-value=0.85). 

 

 

Figure 3- Morphology of YM1 EC cell line 48 hours after docetaxel treatment (10× magnification). 

 

 

Figure 4- Effect of different concentrations of docetaxel on YM1 cells after 72 hours as shown by flow cytometry 

analysis. 
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time. A previous study demonstrated that 

sensitivity of breast cancer cells to docetaxel 

was not associated with rapid rate of cell 

division. This study also showed that cells 

with a higher growth rate were more sensitive 

to docetaxel, which is in line with our findings 

(17).  

However, Vallo et al. reported no significant 

correlation between cell growth kinetics and 

drug sensitivity in urothelial cancer cell lines 

RT112, RT4, 5637, T24, HT1376 and TCC-

SUP (19).  

 

CONCLUSION 

Our findings indicated that the effect of 

docetaxel on YM1 cells is time dependent. In 

addition, docetaxel has no significant toxicity 

on YM1 cells before doubling time, even at 

higher drug concentrations. Based on our 

results, the optimized toxicity of docetaxel for 

YM1 cells can be achieved at concentrations 

lower than 1000 nM and after 72 h considering 

the cells doubling time. 
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DISCUSSION 

Docetaxel is commonly used as an effective 

chemotherapeutic agent in treatment of 

different types of cancer, such as EC. 

Docetaxel exerts its effects by inhibiting 

microtubules polymerization and G2/M phase 

cell cycle arrest in tumor cells. Resistance 

mechanisms and low docetaxel efficiency have 

been reported by numerous studies (12). 

Nevertheless, the exact mechanism of 

docetaxel resistance in cancer cells is not 

understood. Therefore, maximizing the 

therapeutic efficacy and development of 

chemo-sensitization strategies at low doses 

will have important clinical implications. In 

the present study, we focused on evaluation of 

in vitro effects of different concentrations of 

docetaxel on YM1 cells line. The results 

demonstrated that docetaxel efficiency was 

strongly dependent on exposure duration. 

Previous studies reported that docetaxel 

toxicity in many sensitive mammalian cancer 

cells were associated with exposure time, 

patient status, development of nail changes 

and goal of chemotherapy (18). He et al. 

showed dose-dependent inhibitory effect of 

docetaxel in non-small cell lung cancer cell 

lines A549 and H460. With the gradual 

increase in docetaxel dose, the rate of cell 

death enhanced at 48 and 72 hours (16). We 

Also found a significant increase in cell death. 

Our results suggest that the effect of docetaxel 

according to the cell type and resistance 

mechanisms can be dependent on cell doubling 
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