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Abstract

AIM: To investigate the anti-proliferation and radiosensitization effect of chitooligosaccharides (COS) on human colon cancer cell line SW480.
METHODS: SW480 cells were treated with 0, 1.0, 2.0, 3.0, 4.0 and 5.0 mg/mL of COS for 48 h. CCK-8 assay was employed to obtain the cell survival ratio of SW480 cells, and the anti-proliferation curve was observed with the inhibition ratio of COS on SW480 cells. The RAY + COS group was treated with 1.0 mg/mL of COS for 48 h, while both the RAY and RAY+COS groups were exposed to X-ray at 0, 1, 2, 4, 6 and 8 Gy, respectively. Clonogenic assay was used to analyze cell viability in the two groups at 10 d after treatment, and a cell survival curve was used to analyze the sensitization ratio of COS. The RAY group was exposed to X-ray at 6 Gy, while the RAY+COS group was treated with 1.0 mg/mL of COS for 48 h in advance and exposed to X-ray at 6 Gy. Flow cytometry was employed to detect cell cycle and apoptosis rate in the non-treatment group, as well as in the RAY and RAY + COS groups after 24 h of treatment. 
RESULTS: COS inhibited the proliferation of SW480 cells, and the inhibition rate positively correlated with the concentration of COS (P < 0.01). Cell viability decreased as radiation dose increased in the RAY and RAY+COS groups (P < 0.01). Cell viabilities in the RAY+COS group were lower than in the RAY group at all doses of X-ray exposure (P < 0.01), and the sensitization ratio of COS on SW480 cells was 1.39. Compared with the non-treatment group, there was a significant increase in apoptosis rate in both the RAY and RAY+COS groups; while apoptosis rate in the RAY+COS group was significantly higher than in the RAY group (P < 0.01). In comparing these three groups, the percentage of G2/M phase in both the RAY and RAY + COS groups significantly increased, and the percentage of the S phase and G0/G1 phase was downregulated. Furthermore, the percentage in the G2/M phase was higher, and the percentage in the S phase and G0/G1 phase was lower in the RAY + COS group vs RAY group (P < 0.01). 
CONCLUSION: COS can inhibit the proliferation of SW480 cells and enhance the radiosensitization of SW480 cells, inducing apoptosis and G2/M phase arrest.
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Core tip: In this study, colorectal cancer cell line SW480 that homologous with colon-rectum was used as the research object. It was confirmed that chitooligosaccharides (COS) not only directly blocked SW480 cell proliferation, but also good for radiotherapy. Furthermore, COS induced a large number of SW480 cells apoptosis, and making a large number of cells to remain in the G2/M phase with killing effect of the radiation-sensitive. Thus, the sensitivity of SW480 cells to radiation was effectively enhanced 1.39 times. This is helpful to the therapeutic effect.
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Introduction
According to the latest Chinese cancer epidemic profile survey, the 2010 cancer morbidity and mortality in China was 235.23/100000 and 148.81/100000, respectively. Among these cancers, colorectal cancer incidence and mortality has shown a predominantly evident upward trend again, causing this to be the focus of medical experts[1-4]. In China, colorectal cancer has a prevalence of 16.14%, which has clinically already leapt up to fifth place cancers; and the incidence of males was as high as 18.75%. In 2012, over 250000 cases of patients were added nationwide, in which the total accounts for 18.6 % in world[5,6]. China has become a big hit in the front position of colorectal cancer, and seeking efficient and low toxicity treatments are needed. Since the discovery of radiation, radiotherapy has lasted for centuries as the main indispensable weapon against cancer that is active in clinic. Statistics have shown that more than 70% and 50% of cancer patients are in need of this kind of therapy in China and the United States, respectively[7,8]. Although radiotherapy has great significance for cancer treatment, killing cancer cells could injure healthy tissues, causing malignant complications. This has been a researcher’s hurdle that is difficult to bypass. Then, radiosensitizers were emerge as the times require. Chitooligosaccharides (COS) came out of chitin, it has good solubility and high absorption rate, making the ratio of the carbohydrate polymer more advantageous for biological applications; and this has become the new favorite of medical researchers[9,10]. Although there were many reports about COS anticancer effects[11-14], there are few studies on the applications of radiation sensitization. In this study, human colon cancer SW480 cells were selected and treated with COS invasion in parallel with radiation, to verify that COS can enhance radio sensitivity for colorectal cancer cell line. We expect to explore more superior and low damage anticancer therapies. This is reported as below.
MATERIALS AND METHODS
Seven COS concentration levels were established and 3-hole samples were simultaneously cultured in parallel with each level, and SW480 cells were subcultured to the logarithmic phase (human colon cancer cells SW480; Shanghai Cell Institute of Chinese Academy of Sciences). After digestion, diluted to a concentration of 5 × 104 cells/mL according to the 0.1 mL/hole access in a 96-well plate. A suitable environment was set (CO2 incubator, Shanghai Gemtop Scientific Instrument CO.,LTD.) for adherent growth, and diluted COS (Chitooligosaccharides, Shanghai Huich Biotech Inc.) was replaced after 24 h with fresh medium at 0.11 mL/hole, and added into each well and COS concentrations at 0, 0.5, 1.0, 2.0, 3.0, 4.0 and 5.0 mg/mL After 48 h of COS infiltration, CCK-8 reagent (CCK-8 Kit, Shanghai Liruibio Technology Co., Ltd.) was added along the pore walls at 0.01 mL/hole. Then, the tapping the culture plate to mix reagent and culture medium. After four hours of sufficient reaction, OD absorbance at λ = 450 nm was detected at all levels. The experiment was repeated three times to investigate the inhibitory effect of COS in SW480 cell proliferation. Accordingly, 1.0 mg/mL of COS concentration was selected for follow-up studies. 
Six X-ray dose levels were established , levels was divided into the RAY group and RAY+COS group; and each group was simultaneously cultured in parallel with the 3-hole sample. According to 0-, 1- and 2-Gy dose levels at 200/well, 4- and 6-Gy dose levels at 400/well, and 8-Gy dose level at 800/well inoculation amounts, respectively, different concentrations of single-cell suspensions in 6-well culture plate were set in an incubator with a suitable environment for growth adherence. After six hours, appropriate amounts of COS were added into each well to reach a 1.0 mg/mL concentration in the RAY + COS group, while equal amounts of infiltrating medium were added into each hole and cultured for 48 h in the RAY group. Both groups were stamped with 1-cm thick tissue analogs in the culture plates and X-ray irradiated (Electron linear accelerator, Nanjing Chuang Rui Ying Biotechnology Co., Ltd.) at a distance of 100 cm with a dose rate of 2 Gy/min. Incubation continued 10 d, washed, fixed and stained again; then, the number of cells were counted by 50 or more units of cell clusters. The experiment was repeated three times for statistical data, and the cell survival curve was draw up from the final slope of the DO value obtained by sensitizing ratio SER = D0 (RAY)/D0 (RAY + COS).

The three groups were established simultaneously in parallel with the 3-hole samples. The concentration of 1 × 105/mL cell suspension was inoculated into 6-well culture plate with a suitable grow adherent environment for 24 h. In the RAY + COS group, a right amount of COS was added to reach a 1.0 mg/mL concentration. In the non-treatment group and RAY group, equal amounts of medium were added. In the RAY group and RAY + COS group, infiltration was carried out for 48 h and samples were exposed to 6-Gy X-ray irradiation. After replacing with fresh medium, cells were cultured for 48 h. After digestion, rinsed, diluted and other treatments were performed to determine the cell cycle and apoptosis in each group. 
Statistical anslysis
Using SPSS19.0 statistical software for statistical analysis, OD value, survival rate, apoptosis rate and cell cycle distribution ratios were presented as (mean ± SD). OD values for each COS concentration level and X-ray dose level cell survival rates were compared among multiple groups using ANOVA analysis and compared between two groups using SNK-q test. For the RAY group and RAY + COS group, in terms of cell survival rate under different X-ray dose and cell cycle control experiments among the three groups, and apoptosis rate between the three groups were compared by t-test. P < 0.05 was considered statistically significant.
RESULTS
The inhibitory effect of COS on SW480 cell proliferation

In comparing the COS concentration of the OD value in the 0 mg/mL group,

OD values progressively reduced at all levels was COS concentration infiltration

increased; and the difference was significant statistically significant (P < 0.01). After 48 h of treatment with 0.5, 1.0, 2.0, 3.0, 4.0 and 5.0 μmg/mL of COS concentration, SW480 cell survival rate was significantly lower than in the negative control group; and the differences were statistically significant (P < 0.01). The inhibition rate and the concentration of COS showed a positive correlation (Table 1, Figure 1).
Comparison of different radiation dose rates on cell survival rate between groups

With an irradiation dose of 0 Gy as a reference standard, survival rate in the RAY and RAY + COS groups progressively reduced with increased radiation dose, and the difference was statistically significant (P < 0.01). The reduction in cell survival rate was greater in the RAY + COS group. At dose levels 1, 2, 4, 6 and 8 Gy, survival rate in the RAY+COS group was significantly lower than in the RAY group, and the difference was statistically significant (P < 0.01). SER was 1.39 for COS on SW480 cells (Table 2, Figure 2).
Cell apoptosis rate between groups

Compared with proliferation in the non-treatment group, apoptosis rate in the RAY and RAY + COS groups increased sharply, the differences was statistically significant (P < 0.01). Apoptosis rate in the RAY+COS group also revealed a significant increase compared with the RAY group, and the difference was statistically significant (P < 0.01; Table 3, Figure 3)

Comparison of cell cycle distribution between groups

Compared with the non-treatment group, the G2/M phase proportion in the RAY and RAY + COS groups significantly increased, while the S and G0/G1 phase proportion all rendered down; and the differences were statistically significant (P < 0.01). Compared with the RAY group, the S phase and G0/G1 phase proportion in the RAY + COS group were smaller, while the G2/M phase was significantly longer; and the differences were statistically significant (P < 0.01). See Table 4, Figure 4.
DISCUSSION
Rapid economic growth bring along the rapid development of science and technology. However, improvements in medical technology have failed in stopping cancer from infecting human health. Modern unhealthy diet and living habits stimulate and mainly cause the continuous soar of colorectal cancer morbidity[15-17]. Statistical data from international cancer research institutions have indicated that China's 2012 annual new-onset cases of colorectal cancer reached 1.47 times of cases in 2006, and the total incidence grew by nearly 50% in six years[18]. For the incidence of colorectal cancer in China, the international average annual growth rate rose sharply to more than two times[19]. This situation is not optimistic, and the exploration of more effective drugs and treatment without delay is of great significance. 
The inhibitory effect of COS on proliferation of colon cancer SW480 cells
From the depolymerization of chitosan, COS has been considered as the human healthy "almighty" guardian by the biomedical field. It can improve body acid-base balance, activate immune function, remove blood lipids, lower blood sugar, and regulate a variety of physiological activity[20-22]. Particularly, it has anti-tumor effects, which has been a research focus by domestic and foreign scholars in recent years. Based on historical reports, COS has a widespread growth blocking effect on HL-60, RBL-2H3, SGC-7901 and tumor cell lines of other organs , and there are a variety of ways to achieve this effect[23-25]. In this study, colorectal homologous colorectal SW480 cell line was the target. This study confirms that COS directly blocks SW480 cell proliferation, and its inhibitory effect increases with the concentration of COS infiltration, while showing of increments; and 5 mg/mL of COS treatment for 48 h induced SW480 cell viability to decrease by 57.51%.
COS enhance SW480 cell sensitivity to radiation
Radiotherapy has an irreplaceable position in the treatment of cancer. It is widely used in various stages of the course, preoperatively shrinks tumors to create conditions for radical enterectomy, remove residues postoperatively to prevent recurrence, and it cooperated chemotherapy to prevent metastasis. Early radiotherapy for nasopharyngeal carcinoma, skin cancer and cervical cancer has a possibility of more than 9% cure[26-28]. Early detection of radiotherapy also can improve the 5-year survival rate from 70% to 80% for esophagus and prostate cancer[29,30]. Although radiotherapy has significantly avoided pain in patients with organ defects, there are also shortcomings. Radiation attack precision is limited, and often implicates normal tissue surrounding lesions, leading to tissue damage, that add to the double burden of cancer patients in both physical and mental. This study found that X-rays has mass destruction on SW480 cell, cell death increased with radiation dose; while before radiotherapy, pre-imposed COS infiltration make cell survival rate decrease more obviously, and COS would effectively increase SW480 cell sensitivity to radiation by 1.39 times. Furthermore, this controlled experiment has shown that the RAY + COS group significantly improved treatment efficacy with the proliferation of apoptosis rate, and cell cycle distribution changed significantly.
COS achieves radiosensitization by promoting SW480 cell apoptosis

Apoptosis maintains homeostas in the body. However, it has an independent regulatory program that takes the initiative to open the "die" mode to conserve limited resources when cells are faced with adverse living conditions. Tumor cells lose this order of regulation and fall into a disordered and uncontrolled proliferation cycle. Radiation-induced apoptosis have been demonstrated for a long time[31-34]. COS combined with radiotherapy reverse the activation of the mechanism of apoptosis in cancer cells in a greater degree, and pulls it back to its normal life trajectory. The complexity of the entire process of cell apoptosis involves cooperation of multiple genes and proteins. Krysko’s research has indicated that COS can activate apoptosis promoter Caspase-3[35,36]. Tan believes that COS can damage mitochondrial membrane stability and release Cyt C into the cytosol[37]. Mates has also reported that COS can down-regulated environmental GSH activity and stimulate oxidative damage[38,39]. A number of conclusions confirmed that COS gains effect on the apoptosis of tumor cells.
COS achieves radiosensitization by changing the SW480 cell cycle distribution 
The mechanism of action of radiotherapy is to destroy DNA strand integrity including break the connection of ester bond sequences and destroy base modifications. From the initial point of life cycle, blocking various physiological functions of tumor cell exercise and genetic information delivery[40,41]. Cell cycle distribution has a deep influence on radiotherapy[40,42-45]. Flow cytometry analysis revealed that COS makes a large number of SW480 cells stranded in the G2/M phase that is very sensitive to radiation, while reducing G1 phase and S phase that are responsible for DNA damage repairment, in order to reduce the resistance of cancer cells to radiotherapy and enhanced its therapeutic effect. Radiation biological research pointed out that in order to ensure a smooth and orderly replication, the whole proliferation process speed were controlled at G1, S and G2 levels, respectively, by three regulatory process[46-49], speculate that COS control in cell cycle distribution is most likely related to the start-up and express of these three process.
In summary, COS not only directly arrests SW480 cell growth, but also helps radiotherapy. induce SW480 cells apoptosis accompanied by a large number of proliferation process changes. Thus, this greatly enhances radiation lethality, and has a beneficial therapeutic effect. Its in-depth exploration is expected to bring a new dawn for the life of colorectal cancer patients.
COMMENTS
Background

Modern unhealthy diet and living habits are major causes that stimulate the prevalence of colorectal cancer to continue to soared high. In China, colorectal cancer has a prevalence of 16.14%, which has clinically already leapt up to fifth place cancers; and the incidence of males was as high as 18.75%. In 2012, over 250000 cases of patients were added nationwide, in which the total accounts for 18.6% in world. China has become a big hit in the front position of colorectal cancer, and seeking efficient and low toxicity treatments are needed. Although radiotherapy has great significance for cancer treatment, killing cancer cells could injure healthy tissues, causing malignant complications. This has been a researcher’s hurdle that is difficult to bypass. Then, radiosensitizers were emerge as the times require. 
Research frontiers

In order to reduce the toxicity of radiotherapy, current researches have focused on primarily two aspects: increase the accuracy of positioning and enhance radiation radiosensitivity of tumor tissues; in which using radiation sensitizers has become popular because it is simple to operate. Previous studies have shown that radiosensitization mechanisms include improved cell hypoxia, increased DNA damage and influenced the cycle phase distribution. In addition to 5-fluorouracil, cisplatin and gemcitabine conventional radiotherapy sensitizers, C225, L-778-123 and COX-2 inhibitors and other new sensitizers has gained attention in recent years. Further interdisciplinary approaches have also started to introduce new drugs and new mechanism of action in the field of radiation sensitizer agent.
Innovations and breakthroughs

From the depolymerization of chitosan, COS has been considered as the human healthy "almighty" guardian by the biomedical field. It can improve body acid-base balance, activate immune function, remove blood lipids, lower blood sugar, and regulate a variety of physiological activity. Particularly, it has anti-tumor effects, which has been a research focus by domestic and foreign scholars in recent years. Based on historical reports, COS has a widespread growth blocking effect on HL-60, RBL-2H3, SGC-7901 and tumor cell lines of other organs , and there are a variety of ways to achieve this effect. Although there were many reports about COS anticancer effects, there are few studies on the applications of radiation sensitization. In this study, human colon cancer SW480 cells were selected and treated with COS invasion in parallel with radiation, to verify that COS can enhance radio sensitivity for colorectal cancer cell line. 
Applications

This study reviewed that chitooligosaccharides can effectively enhance the sensitivity of SW480 cancer cells to radiation, chitosan oligosaccharide combined with radiotherapy treatment would be helpful and promising for colorectal cancer. For the effect of chitooligosaccharides on radiosensitization, in-depth study would be expected to explore better efficient and low damage anticancer therapeutic breakthroughs.
Peer-review

This is a very interesting study about the chitooligosaccharides promotes radiosensitivity of colon cancer line. The study is well designed and the manuscript is well written. Only some minor revisions about the English required. And please check the tables and figures. 

REFERENCES
1 Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global cancer statistics. CA Cancer J Clin 2011; 61: 69-90 [PMID: 21296855 DOI: 10.3322/caac.20107]

2 Shin A, Jung KW, Won YJ. Colorectal cancer mortality in Hong Kong of China, Japan, South Korea, and Singapore. World J Gastroenterol 2013; 19: 979-983 [PMID: 23467631 DOI: 10.3748/wjg.v19.i7.979]

3 Chen W, Zheng R, Zhang S, Zhao P, Zeng H, Zou X, He J. Annual report on status of cancer in China, 2010. Chin J Cancer Res 2014; 26: 48-58 [PMID: 24653626 DOI: 10.3978/j.issn.1000-9604.2014.01.08]

4 Guo P, Huang ZL, Yu P, Li K. Trends in cancer mortality in China: an update. Ann Oncol 2012; 23: 2755-2762 [PMID: 22492700 DOI: 10.1093/annonc/mds069]

5 Liu S, Zheng R, Zhang M, Zhang S, Sun X, Chen W. Incidence and mortality of colorectal cancer in China, 2011. Chin J Cancer Res 2015; 27: 22-28 [PMID: 25717222 DOI: 10.3978/j.issn.1000-9604.2015.02.01]

6 Gong W, Lv N, Wang B, Chen Y, Huang Y, Pan W, Jiang B. Risk of ulcerative colitis-associated colorectal cancer in China: a multi-center retrospective study. Dig Dis Sci 2012; 57: 503-507 [PMID: 21938485 DOI: 10.1007/s10620-011-1890-9]

7 Pang X, Wei W, Leng W, Chen Q, Xia H, Chen L, Li R. Radiotherapy for gastric cancer: a systematic review and meta-analysis. Tumour Biol 2014; 35: 387-396 [PMID: 23929390 DOI: 10.1007/s13277-013-1054-y]

8 Jagsi R, Abrahamse P, Hawley ST, Graff JJ, Hamilton AS, Katz SJ. Underascertainment of radiotherapy receipt in Surveillance, Epidemiology, and End Results registry data. Cancer 2012; 118: 333-341 [PMID: 21717446 DOI: 10.1002/cncr.26295]

9 Andrés E, Albesa-Jové D, Biarnés X, Moerschbacher BM, Guerin ME, Planas A. Structural basis of chitin oligosaccharide deacetylation. Angew Chem Int Ed Engl 2014; 53: 6882-6887 [PMID: 24810719 DOI: 10.1002/anie.201400220]

10 Jung WJ, Park RD. Bioproduction of chitooligosaccharides: present and perspectives. Mar Drugs 2014; 12: 5328-5356 [PMID: 25353253 DOI: 10.3390/md12115328]

11 Jiang C, Wang H, Zhang X, Sun Z, Wang F, Cheng J, Xie H, Yu B, Zhou L. Deoxycholic acid-modified chitooligosaccharide/mPEG-PDLLA mixed micelles loaded with paclitaxel for enhanced antitumor efficacy. Int J Pharm 2014; 475: 60-68 [PMID: 25152167 DOI: 10.1016/j.ijpharm.2014.08.037]

12 Xu W, Jiang C, Kong X, Liang Y, Rong M, Liu W. Chitooligosaccharides and N-acetyl-D-glucosamine stimulate peripheral blood mononuclear cell-mediated antitumor immune responses. Mol Med Rep 2012; 6: 385-390 [PMID: 22614871 DOI: 10.3892/mmr.2012.918]

13 Wu H, Aam BB, Wang W, Norberg AL, Sørlie M, Eijsink VG, Du Y. Inhibition of angiogenesis by chitooligosaccharides with specific degrees of acetylation and polymerization. Carbohydr Polym 2012; 89: 511-518 [PMID: 24750752 DOI: 10.1016/j.carbpol.2012.03.037]

14 Rezakhani L, Rashidi Z, Mirzapur P, Khazaei M. Antiproliferatory Effects of Crab Shell Extract on Breast Cancer Cell Line (MCF7). J Breast Cancer 2014; 17: 219-225 [PMID: 25320619 DOI: 10.4048/jbc.2014.17.3.219]

15 Siegel R, DeSantis C, Virgo K, Stein K, Mariotto A, Smith T, Cooper D, Gansler T, Lerro C, Fedewa S, Lin C, Leach C, Cannady RS, Cho H, Scoppa S, Hachey M, Kirch R, Jemal A, Ward E. Cancer treatment and survivorship statistics, 2012. CA Cancer J Clin 2012; 62: 220-241 [PMID: 22700443 DOI: 10.3322/caac.21149]

16 Ma Y, Yang Y, Wang F, Zhang P, Shi C, Zou Y, Qin H. Obesity and risk of colorectal cancer: a systematic review of prospective studies. PLoS One 2013; 8: e53916 [PMID: 23349764 DOI: 10.1371/journal.pone.0053916]

17 Qiu Y, Cai G, Zhou B, Li D, Zhao A, Xie G, Li H, Cai S, Xie D, Huang C, Ge W, Zhou Z, Xu LX, Jia W, Zheng S, Yen Y, Jia W. A distinct metabolic signature of human colorectal cancer with prognostic potential. Clin Cancer Res 2014; 20: 2136-2146 [PMID: 24526730 DOI: 10.1158/1078-0432.CCR-13-1939]

18 DeSantis CE, Lin CC, Mariotto AB, Siegel RL, Stein KD, Kramer JL, Alteri R, Robbins AS, Jemal A. Cancer treatment and survivorship statistics, 2014. CA Cancer J Clin 2014; 64: 252-271 [PMID: 24890451 DOI: 10.3322/caac.21235]

19 Jia WH, Zhang B, Matsuo K, Shin A, Xiang YB, Jee SH, Kim DH, Ren Z, Cai Q, Long J, Shi J, Wen W, Yang G, Delahanty RJ, Ji BT, Pan ZZ, Matsuda F, Gao YT, Oh JH, Ahn YO, Park EJ, Li HL, Park JW, Jo J, Jeong JY, Hosono S, Casey G, Peters U, Shu XO, Zeng YX, Zheng W. Genome-wide association analyses in East Asians identify new susceptibility loci for colorectal cancer. Nat Genet 2013; 45: 191-196 [PMID: 23263487 DOI: 10.1038/ng.2505]

20 Despras G, Alix A, Urban D, Vauzeilles B, Beau JM. From chitin to bioactive chitooligosaccharides and conjugates: access to lipochitooligosaccharides and the TMG-chitotriomycin. Angew Chem Int Ed Engl 2014; 53: 11912-11916 [PMID: 25212734 DOI: 10.1002/anie.201406802]

21 Koppová I, Bureš M, Simůnek J. Intestinal bacterial population of healthy rats during the administration of chitosan and chitooligosaccharides. Folia Microbiol (Praha) 2012; 57: 295-299 [PMID: 22528304 DOI: 10.1007/s12223-012-0129-2]

22 Luo Z, Dong X, Ke Q, Duan Q, Shen L. Chitooligosaccharides inhibit ethanol-induced oxidative stress via activation of Nrf2 and reduction of MAPK phosphorylation. Oncol Rep 2014; 32: 2215-2222 [PMID: 25189124 DOI: 10.3892/or.2014.3463]

23 Kim EK, Je JY, Lee SJ, Kim YS, Hwang JW, Sung SH, Moon SH, Jeon BT, Kim SK, Jeon YJ, Park PJ. Chitooligosaccharides induce apoptosis in human myeloid leukemia HL-60 cells. Bioorg Med Chem Lett 2012; 22: 6136-6138 [PMID: 22940449 DOI: 10.1016/j.bmcl.2012.08.030]

24 Luo Z, Dong X, Ke Q, Duan Q, Shen L. Downregulation of CD147 by chitooligosaccharide inhibits MMP-2 expression and suppresses the metastatic potential of human gastric cancer. Oncol Lett 2014; 8: 361-366 [PMID: 24959277 DOI: 10.3892/ol.2014.2115]

25 Vo TS, Ngo DH, Kim SK. Gallic acid-grafted chitooligosaccharides suppress antigen-induced allergic reactions in RBL-2H3 mast cells. Eur J Pharm Sci 2012; 47: 527-533 [PMID: 22820028 DOI: 10.1016/j.ejps.2012.07.010]

26 Huang SH, Perez-Ordonez B, Liu FF, Waldron J, Ringash J, Irish J, Cummings B, Siu LL, Kim J, Weinreb I, Hope A, Gullane P, Brown D, Shi W, O'Sullivan B. Atypical clinical behavior of p16-confirmed HPV-related oropharyngeal squamous cell carcinoma treated with radical radiotherapy. Int J Radiat Oncol Biol Phys 2012; 82: 276-283 [PMID: 20950953 DOI: 10.1016/j.ijrobp.2010.08.031]

27 Saslow D, Solomon D, Lawson HW, Killackey M, Kulasingam SL, Cain J, Garcia FA, Moriarty AT, Waxman AG, Wilbur DC, Wentzensen N, Downs LS, Spitzer M, Moscicki AB, Franco EL, Stoler MH, Schiffman M, Castle PE, Myers ER. American Cancer Society, American Society for Colposcopy and Cervical Pathology, and American Society for Clinical Pathology screening guidelines for the prevention and early detection of cervical cancer. Am J Clin Pathol 2012; 137: 516-542 [PMID: 22431528 DOI: 10.1309/AJCPTGD94EVRSJCG]

28 Lanssens S, Ongenae K. Dermatologic lesions and risk for cancer. Acta Clin Belg 2011; 66: 177-185 [PMID: 21837924 DOI: 10.2143/ACB.66.3.2062543]

29 van Hagen P, Hulshof MC, van Lanschot JJ, Steyerberg EW, van Berge Henegouwen MI, Wijnhoven BP, Richel DJ, Nieuwenhuijzen GA, Hospers GA, Bonenkamp JJ, Cuesta MA, Blaisse RJ, Busch OR, ten Kate FJ, Creemers GJ, Punt CJ, Plukker JT, Verheul HM, Spillenaar Bilgen EJ, van Dekken H, van der Sangen MJ, Rozema T, Biermann K, Beukema JC, Piet AH, van Rij CM, Reinders JG, Tilanus HW, van der Gaast A. Preoperative chemoradiotherapy for esophageal or junctional cancer. N Engl J Med 2012; 366: 2074-2084 [PMID: 22646630 DOI: 10.1056/NEJMoa1112088]

30 Bolla M, van Poppel H, Tombal B, Vekemans K, Da Pozzo L, de Reijke TM, Verbaeys A, Bosset JF, van Velthoven R, Colombel M, van de Beek C, Verhagen P, van den Bergh A, Sternberg C, Gasser T, van Tienhoven G, Scalliet P, Haustermans K, Collette L. Postoperative radiotherapy after radical prostatectomy for high-risk prostate cancer: long-term results of a randomised controlled trial (EORTC trial 22911). Lancet 2012; 380: 2018-2027 [PMID: 23084481 DOI: 10.1016/S0140-6736(12)61253-7]

31 Salim H, Akbar NS, Zong D, Vaculova AH, Lewensohn R, Moshfegh A, Viktorsson K, Zhivotovsky B. miRNA-214 modulates radiotherapy response of non-small cell lung cancer cells through regulation of p38MAPK, apoptosis and senescence. Br J Cancer 2012; 107: 1361-1373 [PMID: 22929890 DOI: 10.1038/bjc.2012.382]

32 Wachsberger PR, Lawrence YR, Liu Y, Rice B, Feo N, Leiby B, Dicker AP. Hsp90 inhibition enhances PI-3 kinase inhibition and radiosensitivity in glioblastoma. J Cancer Res Clin Oncol 2014; 140: 573-582 [PMID: 24500492 DOI: 10.1007/s00432-014-1594-6]

33 Allen AM, Ben-Ami M, Reshef A, Steinmetz A, Kundel Y, Inbar E, Djaldetti R, Davidson T, Fenig E, Ziv I. Assessment of response of brain metastases to radiotherapy by PET imaging of apoptosis with ¹⁸F-ML-10. Eur J Nucl Med Mol Imaging 2012; 39: 1400-1408 [PMID: 22699524 DOI: 10.1007/s00259-012-2150-8]

34 Kwon JE, Kim BY, Kwak SY, Bae IH, Han YH. Ionizing radiation-inducible microRNA miR-193a-3p induces apoptosis by directly targeting Mcl-1. Apoptosis 2013; 18: 896-909 [PMID: 23546867 DOI: 10.1007/s10495-013-0841-7]

35 Krysko DV, Garg AD, Kaczmarek A, Krysko O, Agostinis P, Vandenabeele P. Immunogenic cell death and DAMPs in cancer therapy. Nat Rev Cancer 2012; 12: 860-875 [PMID: 23151605 DOI: 10.1038/nrc3380]

36 Fernandes JC, Sereno J, Garrido P, Parada B, Cunha MF, Reis F, Pintado ME, Santos-Silva A. Inhibition of bladder tumor growth by chitooligosaccharides in an experimental carcinogenesis model. Mar Drugs 2012; 10: 2661-2675 [PMID: 23342389 DOI: 10.3390/md10122661]

37 Jeong HW, Cho SY, Kim S, Shin ES, Kim JM, Song MJ, Park PJ, Sohn JH, Park H, Seo DB, Kim WG, Lee SJ. Chitooligosaccharide induces mitochondrial biogenesis and increases exercise endurance through the activation of Sirt1 and AMPK in rats. PLoS One 2012; 7: e40073 [PMID: 22808092 DOI: 10.1371/journal.pone.0040073]

38 Matés JM, Segura JA, Alonso FJ, Márquez J. Oxidative stress in apoptosis and cancer: an update. Arch Toxicol 2012; 86: 1649-1665 [PMID: 22811024 DOI: 10.1007/s00204-012-0906-3]

39 Joodi G, Ansari N, Khodagholi F. Chitooligosaccharide-mediated neuroprotection is associated with modulation of Hsps expression and reduction of MAPK phosphorylation. Int J Biol Macromol 2011; 48: 726-735 [PMID: 21356235 DOI: 10.1016/j.ijbiomac.2011.02.011]

40 Alexander BM, Pinnell N, Wen PY, D'Andrea A. Targeting DNA repair and the cell cycle in glioblastoma. J Neurooncol 2012; 107: 463-477 [PMID: 22113697 DOI: 10.1007/s11060-011-0765-4]

41 Teo MT, Landi D, Taylor CF, Elliott F, Vaslin L, Cox DG, Hall J, Landi S, Bishop DT, Kiltie AE. The role of microRNA-binding site polymorphisms in DNA repair genes as risk factors for bladder cancer and breast cancer and their impact on radiotherapy outcomes. Carcinogenesis 2012; 33: 581-586 [PMID: 22166496 DOI: 10.1093/carcin/bgr300]

42 Lin ZZ, Chou CH, Cheng AL, Liu WL, Chia-Hsien Cheng J. Radiosensitization by combining an aurora kinase inhibitor with radiotherapy in hepatocellular carcinoma through cell cycle interruption. Int J Cancer 2014; 135: 492-501 [PMID: 24375034 DOI: 10.1002/ijc.28682]

43 Dillon MT, Good JS, Harrington KJ. Selective targeting of the G2/M cell cycle checkpoint to improve the therapeutic index of radiotherapy. Clin Oncol (R Coll Radiol) 2014; 26: 257-265 [PMID: 24581946 DOI: 10.1016/j.clon.2014.01.009]

44 Wu DH, Liu L, Chen LH. Antitumor effects and radiosensitization of cytosine deaminase and thymidine kinase fusion suicide gene on colorectal carcinoma cells. World J Gastroenterol 2005; 11: 3051-3055 [PMID: 15918188 DOI: 10.3748/wjg.v11.i20.3051]

45 Pang XL, He G, Liu YB, Wang Y, Zhang B. Endoplasmic reticulum stress sensitizes human esophageal cancer cell to radiation. World J Gastroenterol 2013; 19: 1736-1748 [PMID: 23555162 DOI: 10.3748/wjg.v19.i11.1736]

46 Cooperberg MR, Simko JP, Cowan JE, Reid JE, Djalilvand A, Bhatnagar S, Gutin A, Lanchbury JS, Swanson GP, Stone S, Carroll PR. Validation of a cell-cycle progression gene panel to improve risk stratification in a contemporary prostatectomy cohort. J Clin Oncol 2013; 31: 1428-1434 [PMID: 23460710 DOI: 10.1200/JCO.2012.46.4396]

47 Diaz-Moralli S, Tarrado-Castellarnau M, Miranda A, Cascante M. Targeting cell cycle regulation in cancer therapy. Pharmacol Ther 2013; 138: 255-271 [PMID: 23356980 DOI: 10.1016/j.pharmthera.2013.01.011]

48 Milla LA, Arros A, Espinoza N, Remke M, Kool M, Taylor MD, Pfister SM, Wainwright BJ, Palma V. Neogenin1 is a Sonic Hedgehog target in medulloblastoma and is necessary for cell cycle progression. Int J Cancer 2014; 134: 21-31 [PMID: 23775842 DOI: 10.1002/ijc.28330]

49 Lim S, Kaldis P. Cdks, cyclins and CKIs: roles beyond cell cycle regulation. Development 2013; 140: 3079-3093 [PMID: 23861057 DOI: 10.1242/dev.091744]

P-Reviewer: Antonadou D, Kumabe T, Fietkau R S-Editor: Yu J L-Editor: E-Editor:

[image: image1.png]60
50

o o o
& N A

(%) vk

COSIREE (mg/ml)





Figure 1 Inhibition curve of chitooligosaccharides on proliferation of SW480 cells.
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Figure 2 Cells survival rates in different radiation doses between the RAY and RAY + COS groups. COS: Chitooligosaccharides.
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Figure 3 Cell apoptosis comparison between the three groups.
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Figure 4 Comparison of cell cycle distribution among the three groups. A: Non-treatment group; B: RAY group; C: RAY + COS group. COS: Chitooligosaccharides.
Table 1 Inhibition of chitooligosaccharides on the proliferation of SW480 cells

	COS concentration (mg/ml)
	OD (mean ± SD)
	Inhibition rate (%)

	0
	1.019 ± 0.007
	——

	0.5
	0.969 ± 0.0051
	4.91

	1.0
	0.908 ± 0.0082
	10.89

	2.0
	0.804 ± 0.0063
	21.10

	3.0
	0.692 ± 0.0074
	32.09

	4.0
	0.580 ± 0.0065
	43.08

	5.0
	0.433 ± 0.0086
	57.51

	P
	0.000
	——

	F
	137.6
	——


Compared with COS concentrations in the 0 mg/mL Group: 1P = 0.000, q = 17.437; 2P = 0.000, q = 31.326; 3P = 0.000, q = 80.047; 4P = 0.000, q = 99.096; 5P = 0.000, q = 142.849; 6P = 0.000, q = 165.379. COS: Chitooligosaccharides.
Table 2 Comparison of cells survival rates in different radiation doses between the RAY and RAY + COS group
	Irradiation dose (Gy)
	Cell survival rate (%)

	
	RAY
	RAY + COS

	0
	99.22 ± 3.51
	99.17 ± 4.061

	1
	90.67 ± 3.82
	85.30 ± 3.382

	2
	73.69 ± 3.45
	56.11 ± 2.953

	4
	45.95 ± 3.41
	28.64 ± 2.764

	6
	23.84 ± 2.20
	12.53 ± 2.035

	8
	8.68 ± 1.75
	3.81 ± 1.166

	P
	0.000
	0.000

	F
	182.7
	243.2


Compared with RAY group: 1P = 0.978, t = 0.028; 2P = 0.006, t = 3.158, 3P = 0.000, t = 11.619; 4P = 0.000, t = 11.837; 5P = 0.000, t = 11.335; 6P = 0.000, t = 6.959. COS: Chitooligosaccharides.
Table 3 Comparison of cell apoptosis rates among the three groups

	Groups
	Cell apoptosis rate (%)

	Non-treatment group
	1.79 ± 0.37

	RAY group
	9.33 ± 1.051

	RAY + COS group
	22.64 ± 1.272,3


Compared with the control group: 1P = 0.000, t = -20.318; 2P = 0.000, t = -47.286; compared with the RAY Group: 3P = 0.000, t = -24.232. COS: Chitooligosaccharides.
Table 4 Comparison of cell cycle distribution among the three groups 

	Groups
	S (%)
	G0/G1 (%)
	G2/M (%)

	Non-treatment group
	30.15 ± 0.82
	39.41 ± 1.05
	30.44 ± 0.68

	RAY group
	22.48 ± 0.741
	30.51 ± 0.862
	47.01 ± 0.523

	RAY + COS group
	18.89 ± 0.654,7
	24.34 ± 0.465,8
	56.77 ± 0.286,9


Compared with the control group: 1P = 0.000, t = 20.832; 2P = 0.000, t = 19.672; 3P = 0.000, t = -58.070; 4P = 0.000, t = 32.283; 5P = 0.000, t = 39.438; 6P = 0.000, t = -107.412; compared with the RAY group: 7P = 0.000, t = 10.935; 8P = 0.000, t = 18.979; 9P = 0.000, t = -49.577. COS: Chitooligosaccharides.
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