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Abstract

Effect of Cofilin-1 on Radiation Response of Human Colorectal

Cancer cells

Colorectal Cancer (CRC), as one of the most common cancers in our country,
ranks the forefront of malignant tumors in terms of incidence and mortality. In
addition to genetic factors, CRC is also influenced by lifestyle (such as smoking,
drinking, sedentary, etc.) and dietary habits (high fat diet, lack of dietary fiber, etc.).
In recent years, the social development has led to changes in our national life and
work schedule, which has gradually shifted the incidence of CRC from elderly
patients over 50 years old to young and middle-aged groups. Early CRC can be
surgically resected directly, but most patients are already in the middle and late stage
when CRC is diagnosed, which is prone to peripheral tissue infiltration and distant
metastasis. Therefore, radiotherapy is often combined with preoperative and
postoperative irradiation to improve curative effect, dissection of peripheral lymph
nodes and palliative treatment in the late stage. However, due to the high radiation
resistance of CRC, the effect of radiotherapy alone is decreased, which seriously
affects the prognosis of radiotherapy patients.

As a member of the ADF/Cofilin family, Cofilin-1 can specifically bind actin
filaments and cleave to produce G-actin to regulate actin dynamics, thereby
participating in the regulation of cells by remodeling the cytoskeleton. As one of the
most widely present cellular components in eukaryotic cells, the cytoskeleton is
involved in a variety of life activities, such as cell migration, cell proliferation, cycle
regulation, apoptosis necrosis, damage repair, etc. It has been reported that Cofilin is
abnormally expressed in some human malignant tumor cells, and Cofilin-1 is involved
in DNA repair of radiation-resistant cancer cells, thereby affecting the prognosis of

radiotherapy in tumor patients. However, the biological effects of radiation in
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colorectal cancer cells and the role of Cofilin-1 in it are still not fully understood.
Therefore, in this study, human colorectal cancer cells were the main research object,
and Cofilin-1 was used as the target protein to explore the regulatory effect and
possible mechanism of Cofilin-1 in the radiation response response of human
colorectal cancer cells.

Purpose:

Taking Cofilin-1 protein as the research starting point, the role of Cofilin-1 in the
radiation biological effect in human colorectal cancer cells was explored through the
Cofilin-1 inhibition and regulation of cytochalasin D (hereinafter referred to as cytoD),
so as to provide a theoretical basis for optimizing the radiotherapy scheme and
clinical diagnosis and treatment of colorectal cancer.

Method:

1. HCT116 and HT29 cells were irradiated with 0.1 Gy (0.0134 Gy/min) and 2,
4, 6, 8 Gy (1.02 Gy/min) doses of X-ray, respectively. Cells were collected 24 h after
irradiation, and WB was used to detect the effect of radiation on the expression of
Cofilin-1 and its phosphorylated protein.

2. The proliferation ability of colorectal cancer cells after 24 h under the above
dose of X-ray radiation was detected by CCK8 method.

3. Using phalloidin staining method to detect changes in the cytoskeleton of
colorectal cancer cells.

4. Adoption YH2AX immunofluorescence assay was used to detect the level of
DNA damage in colorectal cancer cells.

5. Detection of ROS production in colorectal cancer cells before and after
irradiation using DCFH-DA probe method.

6. Using JC-1 probe method to detect mitochondrial membrane potential in
colorectal cancer cells.

7. Cell cycle changes in colorectal cancer were detected by flow cytometry.
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8. Flow cytometry was used to detect the autophagy level of colorectal cancer
cells.

9. The apoptosis level of colorectal cancer cells was detected by flow cytometry.
Result:

1. Effects of ionizing radiation on proliferation rate and Cofilin-1 expression in
colorectal cancer cells

Compared with the control group (0 Gy), the proliferation capacity of HCT116
cells decreased with the increase of dose 24 h after irradiation, and the trend was the
most obvious at dose 6 Gy. Compared with the control group of HCT116 cells, the
expression of Cofilin-1 decreased after irradiation, the expression of phosphorylated
Cofilin-1 increased at large doses (6 and 8 Gy), and the expression of phosphorylated
Cofilin-1 increased by about 0.5 times at 6 Gy, the difference was the largest.

Compared with the control group (0 Gy), the proliferation ability of HT29 cells
decreased at 2 and 4 Gy compared with HCT116 cells, but the proliferation ability of
HT29 cells increased with the increase of dose at 6 and 8 Gy (still lower than that of
the control groups in their respective groups). Compared with HT29 cells in the
control group, there was no significant difference in Cofilin-1 expression. The
expression of phosphorylated Cofilin-1 showed an overall upward trend, and the trend
was most pronounced at 6 Gy (the expression increased by about 1 times).

2. Effect of cytoD combined with ionizing radiation on cytoskeleton of colorectal
cancer cells

After Phalloidin staining, the boundaries of HCT116 cells in the control group
were intact and clear, but there were no obvious skeletal fibrofilaments in the
cytoplasm, which may be related to the vigorous proliferation of its tumor cells. 24 h
after 6 Gy irradiation can induce stress repair response in HCT116 cells, resulting in
stress fibers in stable cell state. cytoD (1 puM) could significantly destroy the original
structure of the cytoskeleton after 48 h, and staining showed the scattered distribution

of actin. After the combined treatment, HCT116 cells did not show obvious stress
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fibers, and the results showed that cytoD inhibited the function of Cofilin-1
depolymeric actin, so that the skeleton of HCT116 cells could not be repaired in time
after receiving irradiation, which may be related to the inability of Cofilin-1
expression reduction cells to clear skeleton breakpoints and provide sufficient
amounts of G-actin. HT29 has a small cell diameter compared to HCT116 overall,
and no obvious stress fibers can be observed after staining, but the results still show
the destructive effect of cytoD on cytoskeletal integrity.

3. Effect of cytoD combined with ionizing radiation on DNA damage in
colorectal cancer cells

yH2AX immunofluorescence staining showed that focal damage occurred in the
nucleus of HCT116 cells after 2 h after 6 Gy irradiation and cytoD (1 pM) for 24 h,
and the number of HCT116 cells with focal damage in the nucleus after the
combination of the two was significantly increased (P<0.05) , and the staining results
of HT29 cells were consistent with the trend of HCT116 cells, and the effect of cytoD
was more obvious than that of irradiation (P<0.05) . These results indicate that both
ionizing radiation and cytoD can lead to colorectal cancer cell DNA damage, and the
DNA damage of colorectal cancer cells is exacerbated when the two work together.

4. Effect of cytoD combined with ionizing radiation on MMP depolarization of
colorectal cancer cells

Immunofluorescence staining of JC-1 showed that 2 h after 6 Gy irradiation and
24 h after cytoD (1 uM) action, The fluorescence of some HCT116 cells gradually
showed green fluorescence (P<0.05) from high-potential red fluorescence, and the
combined treatment increased the ratio of green-red fluorescence of HCT116 cells,
that is, HCT116 cells showed a stronger MMP depolarization effect (P<0.05) , and
HT29 cells had a similar trend to HCT116 cells, and the dosing group had a lower
effect on the MMP depolarization effect than the irradiation group (P<0.05) . These
results may be due to mitochondrial membrane potential depolarization due to

ionizing radiation and cytoD damage to the mitochondrial membrane of cells.
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5. Effect of cytoD combined with ionizing radiation on ROS accumulation in
colorectal cancer cells

The detection of ROS by DCFH-DA probe showed that after 2 h after 6 Gy
irradiation and 24 h after cytoD (1 uM) action, compared with the HCT116 cell
control group, some cells showed the green fluorescence signal (P<0.05) of ROS,
while the green fluorescence signal intensity of cells in the combined treatment group
was more obvious (P<0.05), and HT29 cells also showed the same trend as HCT116
cells. In addition to the direct production of cellular ROS caused by ionizing radiation,
it may also be related to mitochondrial membrane destruction, endogenous ROS
release and overall cellular ROS clearance disorders due to cytoD action.

6. Effect of cytoD combined with ionizing radiation on cell cycle of colorectal
cancer cells

HCT116 cell cycles were detected by flow cytometry, 24 h after 6 Gy irradiation
and 48 h after cytoD (1 uM) action, compared with control cells, HCT116 cells in the
treatment group had significant G2 phase blockade ( P<0.05) , in which the drug
effect was more obvious than that of ionizing radiation (P<0.05) , and the overall
trend of HT29 cells was consistent with that of HCT116 cells, and the combined
treatment group showed a more significant G2 phase arrest (P<0.05) than that in the
irradiation group. These results may be due to ionizing radiation of direct damage to
DNA, activation of DNA repair mechanisms to block cell cycle progression, cytoD
action inhibition of Cofilin-1 function induced cellular DNA repair inhibition and G2
phase arrest.

7. Effect of cytoD combined with ionizing radiation on autophagy of colorectal
cancer cells

Autophagy was detected by flow cytometry in each group of HCT116 cells, 24 h
after 6 Gy irradiation and 48 h after cytoD (1 uM) action, compared with control cells.
HCT116 cells in the treatment group had a significant increase in autophagy level

(P<0.05) , in which the drug effect was more obvious than that of ionizing radiation



(P<0.05) , and compared with ionizing radiation alone, the effect of cytoD also
significantly enhanced the autophagy level of HT29 cells (P<0.05) , but overall, the
autophagy level of HT29 cells was much lower than that of HCT116 cells. ionizing
radiation injures colorectal cancer cells to activate repair and autophagy processes to
clear cell damage, while cytoD damage to colorectal cancer cells, especially
cytoskeleton and membrane organelles, is more significant.

8. Effect of cytoD combined with ionizing radiation on apoptosis of colorectal
cancer cells

Apoptosis in each group was detected by flow cytometry for 24 h after 6 Gy
irradiation and cytoD (1 puM) for 48 h. Compared with the control group, the
apoptosis level of HCTI116 cells was significantly enhanced after irradiation

(P<0.05) , but the apoptosis level of HCT116 cells was more significant (P<0.05)
in the dosing group, and the combined treatment group also showed a high apoptosis
level (P<0.05), ionizing radiation damaged cell DNA induced apoptosis of HCT116
cells, and HCT116 showed a low increase ( P<0.05) due to certain radiation
resistance. CytoD is more toxic to HCT116 cells, from cytoskeletal and mitochondrial
membrane damage to DNA repair inhibition, which can enhance the apoptosis level
of HCT116 cells. Compared with the control cells, ionizing radiation also induced an
increase in apoptosis levels in HT29 cells under the same treatment conditions, but the
effect of cytoD inhibited the apoptosis of HT29 cells. The apoptosis level in the
combined treatment group was also significantly lower than that in the irradiation
group (P<0.05) , that is, the effect of cytoD inhibited the apoptosis induced by
ionizing radiation.

Conclusion:
1. CytoD combined with ionizing radiation can promote Cofilin-1
phosphorylation in human colorectal cancer cells and reduce the expression of

Cofilin-1 protein in HCT116 cells.
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2. CytoD combined with ionizing radiation can destroy the integrity of the
cytoskeleton of human colorectal cancer cells.

3. CytoD inhibits Cofilin-1 activity, thereby inducing cell proliferation inhibition,
DNA damage, mitochondrial damage, G2 phase blockade and autophagy of human
colorectal cancer cells after irradiation.

In general, cytoD, as a representative actin polymerization inhibitor, can
effectively inhibit the proliferation of tumor cells and enhance radiation-induced cell
damage, but the degree of damage to normal tissue cells in the human body and

whether it has a killing effect on all tumor cells remains to be studied
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