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Abstract: [Objective] To observe the retransmission of radiation side effects between cells. [Materials and Methods] The 

mouse ovarian cancer cell line NUTU19 was irradiated with 6MV-X-rays, and the culture medium was prepared for the 

first-generation conditioned medium. The first-generation effector cells were used to detect the NUTU19 cell line and the 

intestinal mucosal epithelial IEC-6 cell line. The secretion of effector cells was a second-generation conditioned medium, and the 

second-generation effector cells NUTU19, IEC-6, and mouse lymphocytes were treated to measure cell viability and apoptosis. 

[Results] After treated with NUTU19 second-generation medium for 48 hours, the apoptosis rate of IEC-6 and NUTU19 cells 

was promoted (p>0.05), and the apoptosis rate of lymphocytes was decreased (p<0.05). After treatment with NUTU19 

second-generation medium for 72 h, the apoptosis of NUTU19 and IEC-6 was promoted (p<0.05), and there was no effect on the 

apoptosis rate of lymphocytes (p>0.05). After treatment with IEC-6 second-generation medium for 48h, the apoptosis of 

NUTU19 and IEC-6 was promoted (p<0.05), and the apoptosis of lymphocytes was decreased (p<0.05). After treated with IEC-6 

second-generation medium for 72h, there was no effect on IEC-6 and lymphocyte apoptosis (p>0.05). It promoted the apoptosis 

of NUTU19 (p<0.05). [Conclusion]: Under certain conditions, tumor cells, intestinal epithelial cells and lymphocytes can 

retransmit the damage of the side effect of radiation. 
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1. Introduction 

Since the first observation of the radiation side effect in 

1992 [1], it has been found that the side effect in vivo is a 

"double-edged sword". For example, in patients with kidney 

cancer and breast cancer who are treated with local radiation, 

it is found that unaffected tumor tissue also has lesional 

damage [2-3]. A similar phenomenon was observed in animal 

experiments [4]. Experimental and clinical observations of 

more normal tissue damage in non-irradiated areas [5-10] can 

be over long distances and extra long time. When formulating 

the physical plan of radiotherapy, the side effect damage did 

not receive enough attention, and there was not enough 

theoretical support for its mechanism and how to antagonize it. 

Will this injury become one of the limiting factors in clinical 

radiotherapy? 

Currently, we envision that the systemic response to local 

radiotherapy is long-distance and will last for a considerable 

amount of time. So, is there a side effect effector cell that 

retransmits the side effect? Just like a bacterial inflammatory 

reaction, a series of cells continue to advance the side effect? 

Which cells are involved in this process? To this end, we have 

designed the following experimental ideas. The ovarian 

cancer cell line NUTU19, which was grown by 6MV-X line 

irradiation index, was prepared from the culture medium of 

the irradiated mouse ovarian cancer cell line, and the 

conditioned medium was treated with one generation of 

conditioned medium (NUTU19, rat small intestine crypt). The 

epithelial cell line IEC-6, SD rat blood lymphocytes) caused 

the effector cells to have a radiation side effect. Then, the 

normal culture solution is used to replace the first-generation 

conditioned medium, and the substance secreted by the 

effector cells is released into the new common culture solution, 
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and then the culture solution is extracted to prepare the 

second-generation conditioned medium. Effector cells 

(NUTU19, IEC-6, murine lymphocytes) were treated with a 

second-generation conditioned medium to observe whether 

the second-generation conditioned medium had a side effect 

of deriving radiation. The specific experimental report is as 

follows. 

2. Materials and Methods 

2.1. Experimental Animals and Experimental Cells 

SD rats, male, weighing 200 ± 20 g. They are all provided 

by the Animal Center of Xuzhou Medical University. rat 

ovarian cancer cell line NUTU19 (supplied by Shanghai 

Saisheng Co., Ltd.), rat small intestine crypt epithelial cell line 

IEC-6 (supplied by Shanghai Saisheng Co., Ltd.), SD rat 

blood lymphocytes. Conventional 1640 cell culture reagents 

and rat peripheral blood lymphocyte isolation reagents and 

techniques. Merck Biocck-8 kit and conventional techniques. 

Apoptosis was detected by Annexin V-FITC/PI double 

staining flow cytometer (model: FACSCalibur, manufacturer: 

BD). Real-time PCR instrument (model: iQ5, manufacturer: 

Bio-Rad), qRT-PCR technology to detect non-coding RNA 

expression. Varian UNIQUE accelerator, 6MV X-ray source 

pitch. 

2.2. Cell Culture Techniques and Conventional 

(Unconditional) Cultures 

NUTU19, IEC-6 cell line, rat lymphocytes, all using 

conventional 1640 medium, containing 10% fetal bovine 

serum (Hyclone), containing 100 U / mL penicillin and 100 U 

/ mL streptomycin in MEM medium, The cultivation was 

carried out in a constant temperature incubator of 37.0 C and 5% 

CO 2. Using conventional methods for isolating rat peripheral 

blood lymphocytes. 

2.3. Conditioned Culture Solution Preparation 

2.3.1. Mouse Source NUTU19 Cell Strain Generation 

Conditioned Medium Preparation 

Inoculate NUTU19 cell suspension (zero generation) in 

24-well culture plates (40,000 cells/well), culture in a 37 ° C 5% 

CO 2 incubator, and photograph the cells before irradiation. 

Irradiation was performed with 6 MV-X rays at an air amount 

of 0 Gy and 2 Gy, respectively. Irradiated cells were cultured 

in a 37 ° C incubator for 24 h, 48 h, and then photographed. 

The culture medium irradiated with 2Gy was a first-generation 

conditioned medium, and the 0Gy irradiated was a control 

medium. 

2.3.2. Preparation of Second-Generation Conditioned 

Medium for Mouse NUTU19 and IEC-6 Cell Lines 

NUTU19 cell line (first generation effector cell) and IEC-6 

cell line (first generation effector cell) were cultured for 48 h 

with NUTU19 generation conditioned medium, respectively. 

Replace fresh 1640 culture solution (ordinary unconditioned 

medium), and continue to culture the supernatant cells of the 

first generation of effector cells for 48 hours as NUTU19 

second-generation conditioned medium and IEC-6 

second-generation conditioned medium. The processing 

procedure is the same as above. Rat lymphocytes were unable 

to induce side effects, and the second-generation conditioned 

medium of mouse lymphocytes was not prepared. 

Second-generation conditioned medium contains no (or rarely 

contains) irradiated material compared to the first-generation 

conditioned medium. The second-generation conditioned 

medium contains substances secreted by the effector cells of 

the first-generation conditioned medium (first-generation 

effector cells) compared with the ordinary unconditioned 

broth. 

2.4. Side Effect Damage Experiment 

2.4.1. Rat NUTU19 Cell Line Conditioned Medium for the 

First-Generation Effector Cells NUTU19, IEC-6, Rat 

Lymphocyte Injury Experiments 

The first generation of effector cells were treated with 

NUTU19 first-generation culture medium and cultured for 

24h and 48h respectively. Using a normal unconditioned 

medium as a control, three parallel samples were set. The cck8 

technique detects cell viability. Apoptosis levels were detected 

by Annexin V-FITC/PI double staining flow cytometry. 

2.4.2. Rat Second-Generation Conditioned Medium Damage 

Test 

The second-generation effector cells NUTU19, IEC-6, and 

mouse lymphocytes were treated with NUTU19 

second-generation medium and IEC-6 second-generation 

conditioned medium, respectively, for 48h and 72h. Ordinary 

unconditioned medium was used as a control. Set up 3 parallel 

samples. 

CCK8 technique to detect cell viability. After 48 h and 72 h of 

culture, 10 ul of CCK-8 was added to each well. After mixing, 

NUTU18 and IEC-6 cells were incubated for 2 h, and 

lymphocytes were incubated for 6 h. The absorbance at 450 nm 

was measured. The microplate reader reads the OD value of the 

sample to be tested and the blank control at 450 nm, and records 

the OD value of each sample to be measured. The OD value of 

the blank control is recorded as a blank value, and the final value 

= measured value - blank value. Apoptosis levels were detected 

by Annexin V-FITC/PI double staining flow cytometry. 

2.5. Statistical Analysis 

Data entry uses excel, logical proofreading, and generates a 

database. The experimental data were expressed as x±s, and 

the data was analyzed using SPSS 19.0 statistical software. 

Two independent samples t-test were used for comparison 

between the two groups. P<0.05 was considered statistically 

significant. 

3. Result and Discussion 

3.1. Mouse Epithelial Cell Fraction 

CCK8 experimental part 
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Table 1. Detection of cck8 in NUTU19 cell line by 6MV-X-ray irradiation. 

Group 24h 48h 

0Gy 0.714±0.013 1.178±0.011 

2G 0.561±0.008 0.664±0.021 

t 17.361 37.554 

p <0.001 <0.001 

Irradiation has a significant inhibitory effect on the 

proliferation of tumor cells. 

NUTU19 Tumor cell lines (NUTU19), normal epithelial 

cells (IEC-6), and lymphocytes treated with the primary 

culture solution were cultured for 24 h and 48 h, respectively, 

and parallel controls were set. 

Table 2. (IEC-6) and lymphocytes treated with NUTU19 generation conditioned medium. 

Group 24h 48h 

NUTU19 Control group 0.316±0.014 1.099±0.010 

NUTU19 0.208±0.024 0.377±0.004 

t 6.732 116.110 

p 0.003 <0.001 

IEC-6 Control group 0.186±0.011 0.532±0.023 

IEC-6 0.152±0.012 0.058±0.002 

t 3.618 35.561 

p 0.002 <0.001 

Lymphocyte control group 0.152±0.009 0.158±0.008 

Lymphocyte 0.145±0.013 0.152±0.004 

t 0.767 1.162 

p 0.486 0.310 

 

Compared with the control group, proliferation of NUTU19 

cells and IEC-6 cells was inhibited, and there was no 

significant effect on lymphocyte proliferation activity. 

OD results of ckk8 detection of effector cells in the 

second-generation culture medium. 

Table 3. NUTU19 second-generation conditioned medium treatment NUTU19, IEC-6, lymphocyte cck8 detection OD results. 

 48h 72h 

NUTU19   

control group 2.547±0.003 3.340±0.017 

Second generation processing group 0.500±0.009 0.626±0.024 

t 194.67 90.356 

p <0.001 <0.001 

IEC-6   

control group 0.920±0.024 2.756±0.060 

Second generation processing group 0.041±0.010 0.209±0.009 

t 33.373 41.859 

p <0.001 <0.001 

Lymphocyte   

Lymphocyte control group 0.338±0.006 0.334±0.048 

Second generation processing group 0.331±0.038 0.349±0.017 

t 0.635 0.291 

p 0.560 0.785 

 

NUTU19 second-generation cultured NUTU19 cells and 

IEC-6 cells for 48h, 72h, compared with the control group, the 

relative survival rate of cells decreased. Lymphocytes were 

treated for 48h and 72h, and there was no significant effect on 

the relative survival rate of cells compared with the control 

group. 

Table 4. IEC results for CK-6 second-generation culture treatment of NUTU19, IEC-6, and lymphocyte cck8. 

 48h 72h 

NUTU19   

control group 2.547±0.003 3.340±0.017 

IEC-6 second generation culture solution treatment 2.854±0.070 3.318±0.054 

t 4.435 0.387 

p 0.011 0.718 

IEC-6   

control group 0.920±0.024 2.756±0.060 

IEC-6 second generation culture solution treatment 0.864±0.039 2.552±0.034 

t 1.221 2.954 

p 0.289 0.042 

Lymphocyte   

Lymphocyte control group 0.338±0.006 0.334±0.048 

IEC-6 second generation culture solution treatment 0.336±0.038 0.359±0.002 

t 0.029 0.504 

p 0.978 0.640 
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The NUTC19 cell line was cultured in the second generation 

of IEC-6, and the 48-hour survival rate was slightly increased, 

and the 72-hour survival rate was restored. Treatment of IEC-6 

cell lines showed no change in 48-hour survival rate and a 

decrease in 72-hour survival rate. Treatment of lymphocytes for 

48h, 72h had no effect on cell viability. 

The second-generation conditioned medium can reduce the 

proliferation activity of the cells, indicating that the 

proliferation damage of the side effect can be transmitted, and 

the intensity of the transmitted damage is also significant. 

Little influence on lymphocytes. Different cell secretions and 

different effector cells have different delivery effects. 

3.2. Apoptotic Part 

3.2.1. Treatment of Mouse-Derived Cells with a Generation 

of NUTU19 Conditioned Medium 

24 hour result 

Table 5. Apoptosis rate (%) of NUTU19, IEC-6, and lymphocytes after treatment of cells with primary culture for 24h and 48h. 

 IEC-6 NUTU19 Lymphocyte 

24h    

control group 2.47±0.12 7.59±0.64 1.74±0.11 

First generation culture fluid group 3.62±0.39 1.20±2.08 0.99±0.09 

t 2.831 2.850 4.948 

p 0.047 0.046 0.001 

48h IEC-6 NUTU19 Lymphocyte 

control group 2.67±0.12 5.75±0.20 1.56±0.22 

First generation culture fluid group 37.66±0.75 23.10±2.12 1.09±0.23 

t 46.354 8.145 1.481 

p <0.001 0.001 0.213 

 

After treated with the culture medium for 24 hours, the 

apoptosis rate of IEC-6 increased, the apoptosis rate of 

NUTU19 decreased, and the apoptosis rate of lymphocytes 

decreased. After treatment with a culture medium for 48 hours, 

the apoptosis of IEC-6 and NUTU19 was significantly 

promoted, and the apoptosis rate of lymphocytes was not 

affected. The 48-hour result was more stable. The treatment 

time of the second generation culture solution was extended to 

48 hours. 

3.2.2. Conditioned Culture Solution Treatment of 

Mouse-Derived Cells Results 

48-hour result 

NUTU19 second generation culture solution: 

Table 6. Apoptosis rate (%) of NUTU19 cell line, normal epithelial cells (IEC-6) and lymphocytes after treatment with NUTU19 second-generation medium for 

48h and 72h. 

 IEC-6 NUTU19 Lymphocyte 

48h    

control group 4.23±0.08 1.49±0.05 1.39±0.23 

NUTU19 second generation culture fluid group 6.27±0.23 11.18±1.36 0.33±0.05 

t 8.402 7.138 4.497 

p 0.001 0.002 0.010 

72h IEC-6 NUTU19 Lymphocyte 

control group 3.92±0.17 1.49±0.12 0.57±0.23 

NUTU19 second generation culture fluid group 7.98±0.06 11.87±0.38 0.25±0.05 

t 21.92 25.503 1.372 

p <0.001 <0.001 0.242 

 

After treated with NUTU19 second-generation medium for 

48 hours, the apoptosis rate of IEC-6 and NUTU19 cells was 

promoted, and the apoptosis rate of lymphocytes was reduced. 

After treated with NUTU19 second-generation medium for 72 

hours, it promoted the apoptosis of NUTU19 and IEC-6, and 

had no effect on the apoptosis rate of lymphocytes. 

IEC-6 second generation culture solution: 

Table 7. Apoptosis rate (%) of NUTU19, IEC-6, and lymphocytes after treatment with IEC-6 second-generation medium for 48h and 72h. 

 IEC-6 NUTU19 Lymphocyte 

48h    

control group 1.77±0.05 1.05±0.08 1.39±0.23 

IEC-6 second generation culture fluid group 2.88±0.27 2.08±0.02 0.70±0.06 

t 3.978 12.59 2.867 

p 0.016 <0.001 0.047 

72h IEC-6 NUTU19 Lymphocyte 

control group 3.71±0.11 0.42±0.07 0.57±0.23 

IEC-6 second generation culture fluid group 5.02±0.52 2.45±0.27 0.55±0.14 

t 2.487 7.314 0.08 

p 0.068 0.001 0.469 
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After treated with IEC-6 second-generation medium for 48 

hours, it promoted the apoptosis of NUTU19 and IEC-6, and 

decreased the apoptosis of lymphocytes. After treated with 

IEC-6 second-generation medium for 72 h, there was no effect 

on the apoptosis of IEC-6 and lymphocytes. It promotes the 

apoptosis of NUTU19. 

The second-generation culture medium promoted apoptosis 

to IEC-6 and NUTU19, and seemed to promote the promotion 

of NUTU19. There is no effect on lymphocytes to promote 

apoptosis. It is indicated that the apoptotic expression of the 

side effect can be re-transferred through the secretion of 

effector cells, and the transmission effect on tumor cells and 

epithelial cells is stronger. 

Lymphocytes are not sensitive to the primary and secondary 

conditioned medium from which epithelial cells are derived. 

In clinical radiotherapy, late radiation therapy can be 

present for a long time outside the irradiation area. Is there a 

side effect space transfer and time transfer? 

J Dong C et al [11] irradiated human small cell lung cancer 

cell line H446, which induced U937 macrophages to produce 

secondary side effects on human bronchial epithelial cells 

BEAS-2B not directly co-cultured with target cells, and target 

cells produced cytokines. The side effects can be transmitted 

by macrophages. When the target cell is a lung fibroblast [12], 

the macrophage also has a function of transmitting a side 

effect signal. Lung cancer cells, bronchial epithelial cells, and 

lung fibroblasts are all fixed or attached to tissues, and 

macrophages are migrating. It can be speculated that 

macrophages can act as "messengers" in addition to their 

biological characteristics, "movable" is also an important 

factor. Then, in addition to transmitting the signal, does the 

messenger have a corresponding change? Do other cells have 

a similar effect? 

Our previous work [13] and current work, observed from 

the level of cell proliferation and apoptosis, radiation side 

effects can be transmitted between cells. Tumor cells, 

epithelial cells, and lymphocytes are both side effector cells 

and delivery cells, and the second-generation side effects 

transmitted by them are quite powerful. Show that they are 

active participation, not just a "messenger." It can be 

understood that they respond to side effects at the cellular 

level. 

Different from the heavy ion micro-irradiation, using the 

clinical irradiation method, this experiment observed that the 

tumor cells produced higher-efficiency first- and 

second-generation conditioned medium, and the side-effect 

response intensity of the tumor cells to the culture medium 

was also higher. This is consistent with the observation that 

distant tumors are inhibited by radiotherapy in the clinic. 

Other investigators [14-15] also used conditioned cells to 

prepare conditioned medium, and tumor cell damage was also 

observed with normal epithelial damage. In this experiment, 

intestinal epithelial cells can act as side effector cells, delivery 

cells, and re-effector cells. The digestive function of the 

patient during radiotherapy decline may be partly related to 

this. 

Normal tissue side effects damage other than the intestinal 

epithelium has also been observed. Corresponding lesions 

were found in brain tissue, lung tissue, hair follicles, spleen, 

testis, etc. outside the target area [9, 16, 19, 20]. Responses 

outside the target area [5, 17] were associated with changes in 

immune function, repair of DNA damage, and even persisted 7 

months after irradiation [19]. Can their side effects last for so 

long, is it a simple first-order side effect? Therefore, we 

speculate the existence of side effect transmission. 

There is not much research data on lymphocytes affected by 

side effects. Sun Daqing et al. [21] irradiated human 

lymphoblasts (AHH-1) with 60 Co γ-rays, and found that the 

radiation side effect has a large number of signaling molecules 

transport and protein transport. Other studies have looked at 

lymphocytes from the perspective of the body's immune 

response after radiotherapy. It is believed that after tumor 

radiotherapy, a large number of cytokines, such as NF-KB, 

high mobility group protein 1, etc., will promote the 

maturation of dendritic cells (DC) and also promote DC to 

draining lymph nodes. Transfer [22-26]. When the DC 

migrates to the lymph node, the DC surface protein interacts 

with the T cell surface protein to activate the T cell. The final 

effector T cells leave the lymph nodes and reach the irradiated 

and unirradiated tumor tissues. These antigen-recognizing T 

cells act on the tumor at the site where they occur, causing 

regression of the distal tumor. In these studies, lymphocytes 

were viewed as a passive link. 

In this study, the use of tumor cell lines and intestinal 

epithelial cell lines failed to induce lymphocyte death and 

apoptosis effects. May be related to radiation dose, culture 

time, single cell and other factors. The underlying 

mechanisms of the bystander effect are multifaceted, 

depending on biological factors (irradiated cells, bystander 

cells, characteristics of the intercellular environment) and 

physical factors (radiation dose, rate and type, time). We 

believe that the mechanisms of side effects and side effects are 

complex and have many unknowns at the cellular, tissue, 

systemic, and global levels. The existing research 

accumulation is not enough to propose an overall correct path. 

In general, under certain conditions, tumor cells, normal 

epithelial cells, and lymphocytes are able to transmit radiation 

side effects. So, what is the significance of side effects that are 

transmitted between cells, between tissues, between systems, 

and at the overall level? 

4. Conclusion 

Based on microscopic illumination and cytology studies, 

the definition of radiation side effects [27] is that when cells or 

tissues are irradiated, some of the irradiated cells transmit 

signals to surrounding cells, and the corresponding non-target 

cells receive signals and generate corresponding signals. 

Biological effects. It is a point-to-point relationship between 

irradiated cells and side effector cells. Recognizing the 

phenomenon of side effect transmission, we can study the side 

effects at the organization, organ, system and overall level. It 
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is possible that the side effect is not a point-to-point effect, but 

a multi-point linear or even a network-like relationship, and 

even There is a role of time dimension. Tumor regression, 

normal tissue inflammation, organ fibrosis, secondary tumors, 

etc. after live irradiation are the result of this network shock, 

gene mutation, genetic instability, DNA damage, chromosome 

breakage and mutation, cell proliferation and apoptosis., 

inflammatory response, tumorigenic transformation, etc is a 

wave of network shocks. [28]. With the development of the 

mechanism of radiation injury, it can not only guide the 

treatment of tumor, but also play an important role in the 

protection of radiation injury. At present, the retransmission of 

side effect is only limited to the basic theoretical research. 

How to use this effect to increase the radiotherapy effect and 

reduce the radiation damage remains to be further studied. 

With the deepening of the understanding of the transmission 

of the side effect, we will further expand the connotation and 

extension of the traditional radiation side effect. Based on the 

known characteristics of bystander effect, it can be inferred 

that it has a significant and constructive effect on tumor 

radiotherapy: by using its effect on non irradiated cells, it can 

reduce the radiation dose, narrow the radiation range and 

achieve the same therapeutic effect; by blocking the 

transmission of its effect on adjacent normal tissues, it can 

protect normal tissues and improve the target specificity of 

radiotherapy The role of sex. It is believed that with the 

development of the research, the mechanism of 

radiation-induced bystander effect transfer will be more 

thoroughly understood, and finally it can be applied to the 

practical work of radiotherapy and protection. 
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