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Effects of low dose radiation on the expression of 
proteins related to DNA repair requiring Caveolin-1 in 

human mammary epithelial cells 

INTRODUCTION 

Breast cancer is a malignant tumor located in 

the human mammary epithelial tissue. Every 

year, more than 1.2 million women from all over 

the world are suffering from breast cancer and 

this incidence is rising by 0.2% to 8% per year. 

In USA, breast cancer is the most prevalent          

cancer for women. In China, the incidence of 

breast cancer is increasing, trailing just behind 

metrocarcinoma, which is the most serious and 

common malignant tumor that affects the health 

of women. 

At present, the treatment used for breast  

cancer is a comprehensive treatment system 

that integrates surgical treatment, chemo-

therapy and radiotherapy. Radiotherapy is           

considered to be the most effective breast        
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ABSTRACT 

Background: Radiotherapy is an effec�ve and important therapeu�c method 

for breast cancer, but at the same �me it has a radia�on-induced bystander 

effect on normal �ssue around the tumor. Repair of double-strand breaks 

(DSBs) by normal cells can reduce the extent of damage caused by this effect. 

Caveolin-1 (Cav-1) is an important regulatory molecule in cell signal 

transduc�on. However, the response of normal human mammary epithelial 

cells following low dose radia�on (LDR)- induced DSBs and the role of Cav-1 in 

the repair of the DSBs are not clear. The present study examined the DNA 

damage repair mechanism triggered by LDR in human mammary epithelial 

cells. Materials and Methods: Human mammary epithelial (MCF10A) and Cav-

1 haplo-insufficiency (MCF10A-ST1) cells were irradiated with LDR gamma 

rays and the effect of this radia�on on cell prolifera�on was determined by 

cytometric method. Western blot analysis was then used to measure the 

expression levels of different proteins associated with cell prolifera�on and 

DNA repair. Results: LDR enhanced the radia�on responsiveness of MCF10A 

cells in a dose- and �me-dependent manner. At a dose of 100 cGy, LDR 

increased the expression levels of several proteins involved in DNA repair 

pathways, such as ATM, p53, DNA-PKcs and also ac�vated Cav-1-mediated 

cell prolifera�on and survival pathways, such as the MAPK and AKT pathways. 

The expression of the various DNA repair related proteins was changed a5er 

down-regula�ng the Cav-1 expression. Conclusion: LDR could increase the 

radia�on responsiveness of human mammary epithelial cells through 

ac�va�ng the DNA repair pathways, including both HR and NHEJ pathways, as 

well as triggering the cell prolifera�on and survival pathways, both of which 

required Cav-1. 
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cancer treatment method because it can reduce 

both recurrence rate and mortality. However, 

ensuring the maximum effect of radiotherapy in 

controlling tumor can also result in                         

radiation-induced bystander effect on normal 

tissue around the tumor. Radiation-induced            

bystander effect is mainly the damaging effect 

exerted by low dose radiation (LDR) on the DNA 

of the normal cells around the tumor, causing 

double-strand breaks (DSBs). The best way for 

the cells to deal with the radiation-induced                  

bystander effect that causes DSBs is to repair the 

DSBs. Thus, it is important to study the                    

mechanism of DNA repair involved in the repair 

of DNA damage in1licted by LDR. 

So far, three kinds of DNA damage repair 

pathways are known to participate in the repair 

of DSBs, and these are single strand annealing 

(SSA), homologous recombination (HR) and           

non-homologous end-joining (NHEJ) pathways, 

with the last two being the main repair                    

pathways (1]. HR is mediated by                                

ataxia-telangiectasia mutated (ATM) whereas 

NHEJ is mediated by DNA-dependent protein 

kinase (DNA-PK), and they are the two pathways 

used by cells to repair DSBs damage (1, 2). ATM 

protein kinase, the key protein of the HR repair 

pathway, is a phosphorylated enzyme with a  

molecular weight of 350 kD, encoded by the 

ataxia-telangiectasia mutant gene. ATM is also 

an important regulatory protein of p53, and it 

participates in the regulation of the cell cycle 

progress, as well as in DNA damage recognition 

and repair (3, 4). Although the HR repair pathway 

mediated by ATM can repair DSBs, it is the NHEJ 

pathway that plays a key role in the progress of 

DSBs repair in mammalian cells (5, 6). The NHEJ 

repair pathway mainly depends on four core  

factors: DNA-PK, X-ray cross-complementing 

group 4 (XRCC4), DNA joining enzyme Ⅳ and 

Artemis. DNA-PK consists of a catalytic subunit 

DNA-PKcs with serine/threonine kinases                 

activity and two Ku subunits, which can initiate 

NHEJ repair (7). DNA-PKcs is an important DNA 

damage repair protein, which is not only            

involved in NHEJ and VDJ recombinant and the 

maintenance of telomere structure, but can also 

phosphorylate many transcription factors and 

DNA repair proteins (8). Recently, many studies 

have reported that DNA-PK de1iciency or its 

down-regulation can lead to loss of DSBs repair 

capacity and increased sensitivity to ionizing 

radiation (IR), indicating that DNA-PK is a              

necessary component of the response of the cell 

to LDR and is involved in tumorigenesis and           

tumor progression (9). More and more studies 

have focused on the functional mechanism of 

DNA-PK. 

Caveolae is a depression caveolae of                       

cytoplasmic membrane and an important                

passageway across which every signal enter the 

cell. The protein marker Caveolin-1 (Cav-1) is 

often used as a tumor suppressor as it possesses 

several functions, not only those participating in 

multiple signal transduction pathways, but also 

those that are closely related to cell                          

transformation and tumor formation, especially 

the transformation of breast epithelial cell and 

the formation of breast cancer (10). Previous 

studies have found that Cav-1 is involved in the 

repair of DNA damage through both the HR and 

NHEJ pathways in cancer development and               

progression (11, 12). However, these studies have 

mainly focused on the DNA damage repair  

mechanism of tumor cells, whereas the response 

of normal human mammary epithelial cells to 

LDR-induced DSBs, the expressions of the DNA 

repair related proteins and the involvement of 

Cav-1 in the DSBs repair induced by LDR have 

been largely ignored. 

In the present study, we sought to                      

understand the DNA repair mechanism of                

normal human mammary epithelial cells              

following LDR-induced DSBs. Radiation-induced 

bystander effect was simulated in the human 

mammary epithelial cells MCF10A. First, we            

observed the effects of LDR on cell growth and 

proliferation. We then used western blot to            

detect the expression of the main proteins in the 

DNA repair pathways (e.g HR and NHEJ                   

pathways) and the proliferation [e.g                          

Mitogen-activated protein kinase (MAPK)/

Extracellular regulated protein kinases (ERK)] 

and survival [e.g Phosphatidylinositol 3-kinase 

(PI3K)/AKT] pathways mediated by Cav-1.               

Finally, we used Cav-1 haplo-insuf1iciency             

mammary cell line MCF10A-ST1 (which was  

established in our lab (13)) to detect the changes 
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in expression levels of DNA repair related                

proteins, and to determine the role of Cav-1 in 

DSBs repair induced by LDR. 
 

 

MATERIALS AND METHODS 

 

Materials	and	reagents	

Human mammary epithelial cell line MCF10A 

was purchased from ATCC (CRL-10317™), A Cav

-1 haploinsuf1iciency cell line MCF10A-ST1 was 

established in our laboratory. Dulbecco’s                    

modi1ied eagle’s medium-F12 (DMEM/F12) and 

horse serum were obtained from Hyclone                   

Biotechnology. ECLTM reagent was purchased 

from Amersham Pharmacia Biotechnology. All 

antibodies used in this study are listed in table 1. 

Other reagents were obtained locally.  

Zou et al. / Effect of radiation on DNA repair requiring Caveolin-1  
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Table 1.  List of an�bodies used in this study and their sources  

An�bodies         Sources 

An�-Caveolin-1 polyclonal an�body, an�-ATM monoclonal 

an�body, an�-Ku80 (DNA protein kinase regulatory subunit) 

polyclonal an�body and an�-p53 monoclonal an�body 

       Santa Cruz Biotechnology Inc. 

An�-DNA-PKcs monoclonal an�body         Abcam Biotechnology 

An�-Nuclear factor kappa B (NF-κB) monoclonal an�body, 

an�-AKT polyclonal an�body, an�-p-AKT polyclonal an�body, 

an�-MAPK polyclonal an�body, an�-p-MAPK monoclonal 

mouse an�body and an�-PI3K polyclonal an�body 

        Cell Signaling Biotechnology 

An�-b-Ac�n monoclonal an�body         Wuhan boster Biological Engineering Co., Ltd. 

An�-Rabbit IgG-HRP an�body produced in goat and                     

an�-Mouse IgG-HRP an�body produced in goat 

        Beijing Zhongshan Jinqiao Biological                      

Engineering Co. 

Cell	culture	

MCF10A and MCF10A-ST1 cell lines were    

cultured as previously described (9). 
 

Cell	LDR	treatment	

Cells were plated in 24-well or 96-well plate, 

and after adherence, the cells were bombarded 

with 50 cGy or 100 cGy LDR, and incubated at 

37℃  in a 5% CO2 incubator for the following            

experiments. 

Growth curves and doubling times for the 

cells were determined by the cytometric                  

method. In brief, 1irst digested by 0.25% trypsin 

and prepared into single cell suspension in new 

medium, then plated in a 96-well plates at a               

density of 5×105 (100 μL) cells/well and                 

incubated at 37 ℃  in the presence of 5% CO2. 3 

parallel wells were arranged for every well, 

complete medium was regarded as the control. 

The cells of 3 parallel holes were digested every 

24 h, the number of the cells were counted              

under the microscope after trypan blue staining. 

The numbers of the cells were counted for 4 d, 

the data were used to plot the growth curves.  

From the growth curves obtained, the cell         

doubling time for each treatment was calculated 

according to the formula: TD = T×log2/                  

(logN-logN0) (Td: cell doubling time, T: time  

interval, N: the 1inal cell number, N0: the initial 

cell number).  
 

Western	blot	

Western blot was performed as previously 

described (9), and β-actin was used as a loading 

control. The density of each target band was 

quantitated using Image Quant analysis. 
 

Statistical	analysis	

Data analysis was performed using the t-test 

and analysis of variance. Data were expressed 

with means ± SDs, and signi1icant differences 

were considered at the *P<0.05 or **P<0.01           

level. 

 

RESULTS 

 

Effect	of	LDR	on	the	growth	of	humanmammary	

epithelial	cells	

In order to observe whether LDR can induce 
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DNA damage in human mammary epithelial 

cells, we treated MCF10A cells with two                

different doses of radiation, 50 cGy and 100 cGy, 

and then measured their growth rates. The             

result showed that cell proliferation was clearly 

inhibited by both doses of radiation compared 

to control cells after 3 d of incubation (1igure 

1A). Although the higher dose (100 cGy)                    

resulted in stronger inhibition than the lower 

dose (50 cGy) after 4 d, the difference between 

them was not statistically signi1icant. Treatment 

of MCF10A cells with LDR increased the                   

doubling time of the cells (1igure 1B). However, 

the increase in doubling time over control was 

not signi1icant in the case of the 50 cGy                    

treatment. On the other hand, the 100 cGy dose 

increased the doubling time of the cell by about 

17%, and it was statistically signi1icant.                     

Furthermore, treatment with LDR also caused 

some cells to detach from the vessel surface,  

resulting in reduced con1luency of the culture, 

an indication of cell death.  
 

Effect	of	LDR	on	the	expression	of	DNA	repair	

proteins	in	human	mammary	epithelial	cells	

ATM is an important member of the                 

homologous recombination of DNA repair               

pathways, and its expression level directly              

re1lects the repair capacity of cells. To obtain  

further insight into the effect of LDR on the cells, 

changes in the expression level of ATM in                

LDR-treated MCF10A cells were measured over 

time. The level of ATM in MCF10A cells treated 

with 100 cGy increased signi1icantly with time, 

reaching about 3.5 fold the level present                    

immediately after treatment (at 0 h) (1igure 2A). 

In addition to ATM, LDR treatment also caused 

the level of p53 to increase over time, and by 24 

h post LDR treatment, the level of p53 was about 

3 fold the level at 0 h (1igure 2B).  

The effect of LDR treatment on the level of 

Ku80, an 80-kD subunit of the DNA-PK complex, 

was also determined. Except for some increase at 

2 h post LDR treatment, the level of Ku80 beyond 

the 2 h time point remained somewhat similar to 

that at 0 h (1igure 2C). On the other hand, the  

level of DNA-PKcs, the catalytic subunit of                

DNA-PK, appeared to undergo a drop 2 h after 

treatment, but then rose again after 12 and 24 h 

(Figure 2D). DNA-PK is the main component of 

the NHEJ repair pathway. Taken together, the 

results suggested that exposure of MCF10A cells 

to LDR boosted the level of enzymes associated 

with DNA repair system in the cells. 

 

Effect	of	LDR	on	the	expression	of	the	proteins	

of	 proliferation	 and	 survival	 pathways											

mediated	 by	 Cav-1	 in	 human	 mammary												

epithelial	cells	

Research has shown that IR can induce                   

activation of the Ras-MAPK/ERK pathway, which 

is mediated by many cancer cell growth factors. 

Zou et al. / Effect of radiation on DNA repair requiring Caveolin-1  
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Figure 1. Effect of LDR on the growth and doubling �me of 

MCF10A cells. (A) Growth curve. (B) Doubling �me. *P<0.05. 

Figure 2. Effect of LDR on the expression levels of DNA repair 

related proteins in MCF10A cells following treatment with 100 

cGy LDR. (A) ATM. (B) p53. (C) Ku80. (D) DNA-PKcs. **P<0.01. 
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However, the relationship between LDR and the 

proliferation pathway of normal epithelial cells 

has not been studied before. In our study, The 

expression of total MAPK in MCF10A cells did 

not change after treatment with LDR, but the 

overall level of phosphorylated MAPK (p-MAPK) 

increased, reaching a maximum level at 24 h  

after the treatment, being signi1icantly higher 

than the level at 0 h (1igure 3A). This indicated 

that LDR could cause the activation of MAPK, 

and therefore partly activated the proliferation 

pathway of mammary epithelial cells. 

Another relevant pathway that was examined 

was the PI3K/AKT pathway, which plays an            

important role in cell survival and anti-apoptotic 

signal transduction. A recent study has shown 

that signaling mediated by PI3K/AKT pathway is 

involved in DNA damage repair induced by IR, as 

PI3K and AKT are essential proteins for the             

activation of DNA-PKcs (12). To see whether the 

PI3K/AKT pathway is involved in LDR-induced 

DNA damage repair, the effect of LDR on the  

expression of AKT and PI3K was investigated. 

The level of PI3K in MCF10A cells exposed to 

LDR at 100 cGy dose remained unchanged 

across the different times after exposure (1igure 

3B). However, the level of AKT and                            

phosphorylated AKT (p-AKT) increased                     

signi1icantly after 24 h of exposure, reaching at 

least twice the level at 0 h (1igure 3C). This            

suggested that LDR exposure could activate the 

AKT-signaling pathway. 

Cav-1 usually as an inhibitor of breast tumor, 

as it can negatively regulate the MAPK/ERK and 

PI3K/AKT signaling pathways, and is closely  

involved in the transformation of mammary       

epithelial cells and the occurrence of breast            

cancer. Normal human mammary epithelial cells 

such as MCF10A have a high expression level of 

Cav-1. However, after treatment with 100 cGy, 

the expression of Cav-1 increased slightly after 2 

h where it then leveled off, before dropping 

sharply to about half the level at 0 h after                

exposure for 24 h (1igure 3D). The trend in Cav-1 

expression level in response to LDR exposure 

was therefore different to those observed for 

MAPK and AKT, indicating that Cav-1 negatively 

regulated the MAPK/ERK and PI3K/AKT                

pathways in DNA repair induced by LDR. 

 

Effect	of	LDR	on	the	expression	of	DNA	repair	

related	 proteins	 in	 Cav-1	 haploinsuf'iciency	

cells	of	human	mammary	epithelial	cells	

In order to further explore the involvement 

of Cav-1 in the repair of LDR-induced DNA           

damage carried out by other DNA repair related 

proteins, we used the Cav-1 haploinsuf1iciency 

cell line MCF10A-ST1 to detect the changes in 

the expression levels of DNA repair related              

proteins. The results showed that the expression 

of Cav-1 was slowly increased by 2.5 fold 2 h 

after LDR exposure, followed by a slight                

decrease and then a sharp decrease after 4 h to 

just about one third the level at 0 h (1igure 4A). 

The expression of Ku80 increased throughout 

the 24 h after exposure to LDR to about 3.5 fold 

the level at 0 h (1igure 4B). The expression level 

of p53 also showed an increasing trend and 

Zou et al. / Effect of radiation on DNA repair requiring Caveolin-1  

Figure 3. Effect of LDR on the expression levels of               

prolifera�on- and survival-related proteins in MCF10A cells 

following treatment with 100 cGy LDR. (A) p-MAPK and MAPK. 

(B) PI3K. (C) p-AKT and AKT. (D) Cav-1. *P<0.05, **P<0.01. 

Figure 4. Effect of LDR on the expression levels of DNA repair

-related proteins in MCF10A-ST1 cells following treatment 

with 100cGy LDR. (A) Cav-1. (B) Ku80. (C) P53. (D) p-MAPK and 

MAPK. *P<0.05, **P<0.01. 
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reached the highest 24 h after LDR exposure 

(1igure 4C). The level of phosphorylated MAPK 

obviously increased 2 h after LDR exposure and 

then gradually decreased, reaching a similar  

level as that observed at 0 h after 24 h (1igure 

4D). The expression levels of DNA repair-related 

proteins changed after Cav-1 expression was 

down-regulated, indicating that Cav-1 was               

required in DNA damage repair induced by LDR 

in human mammary epithelial cells. 
 
 

DISCUSSION 

 

Research has shown that LDR can                       

signi1icantly inhibit the growth and proliferation 

of breast cells. Normally, LDR would damage the 

DNA of the cells (especially in phase G0/G1), and 

then caused DNA replication to stop at the G2 

checkpoint so that the HR and NHEJ pathways 

can repair the damaged DNA. Meanwhile, the 

cell-cycle cannot enter the G2 and S phases until 

DNA-repair is completed. This is consistent with 

the fact that LDR radiation would induce cell 

cycle arrest, and then inhibits cell growth and 

proliferation (14). 

We have found in this study that 100 cGy LDR 

signi1icantly inhibited the growth of MCF10A 

cells, leading to increased doubling time. This 

suggested that the cells were sensitive to the 

radiation dose of 100 cGy. If the radiation did 

not kill the cells, but only induced certain DNA 

damage, cell proliferation would return to the 

normal state after the DNA repair process is 

completed (15).  

So far, there have been three kinds of DNA 

damage repair pathways that are used by the 

cell to repair DSBs. These are the SSA, HR and 

NHEJ repair pathways, with the last two being 

the main repair pathways (1). ATM is a key               

protein in the HR repair pathway. It regulates 

the expression of p53 and thereby participates 

in the progress of cell cycle regulation, DNA 

damage recognition and repair (3). Once ATM is 

activated, it usually inhibits the cell cycle 

through its downstream target p53, causing the 

cell cycle to arrest at the G1 phase, so that the 

damaged DNA can be repaired. LDR treatment 

increased the level of ATM and p53, indicating 

that ATM and p53 are important repair factors 

in the HR repair pathway. The fact that the level 

of ATM started to increase 2 h following LDR 

treatment and right up to 24 h (1igure 2A) may 

suggest that ATM played an important role in 

the early stage of DSB repair. The increased level 

of p53 observed following LDR treatment was 

consistent with the fact that p53 is a                        

downstream target of ATM, and thus an                     

increasing level of ATM was expected to                    

up-regulate the level of p53. The increasing level 

of p53 would effectively block cell replication, 

allowing the radiation-affected cell to repair the 

damaged DNA via the HR pathway and NHEJ 

pathway, therefore maintaining the integrity of 

the cell genome before cell replication could 

continue (16, 17). 

The NHEJ pathway plays a vital role in the 

progress of DSBs repair in mammalian cells. 

Normal NHEJ 1inishes the DNA repair process by 

combining and connecting the two free ends of 

the homologous or non-homologous DNA.                  

DNA-PK is a serine/threonine protein kinase 

and a key component of the NHEJ repair                 

pathway. It is composed of the catalytic subunit 

DNA-PKcs and the regulatory subunit Ku                

protein. One function of the DNA-PKcs is to            

protect and connect broken ends of DNA, either 

alone or as a part of protein complex that binds 

Ku protein, allowing it to further recruit other 

DNA-repair proteins to the site of DNA damage. 

In addition, like Ku protein, DNA-PKcs is found 

at the damaged ends of the DNA where it plays a 

role in maintaining telomere stability and                

preventing the fusion of chromosome ends (18). It 

is thought that through phosphorylation of its 

downstream target proteins that DNA-PKcs            

improves the molecular sensors involved in DNA 

damage repair. Recently, DNA-PKcs has also 

been found to play a vital role in regulating gene 

ampli1ication and apoptosis via p53 (19). It has 

been known that mutation in the DNA-PKcs gene 

or changes in its expression can partly lead to 

DSBs repair defects in malignant transforming 

cells, thereby increasing genomic instability (20). 

Khanna et	al. has shown that DNA-PKcs de1icient 

embryonic stem cells are very sensitive to              

radiation, and exhibit growth delay, radiation 

hypersensitivity and occurrence of lymphoma. It 

Zou et al. / Effect of radiation on DNA repair requiring Caveolin-1  
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was proved that DNA-PKcs plays a very                     

important role in maintaining normal immunity 

function, regulating DNA repair and preventing 

the malignant transformation of cells in human 
(9). 

In our study, treatment of MCF10A cells with 

LDR did not alter the level of Ku80 while                    

resulting in enhanced level of DNA-PKcs,                   

indicating that DNA-PKcs was a crucial repair 

factor in the NHEJ repair pathway and that it 

exhibited strong sensitivity to radiation. 

The PI3K/AKT pathway plays an important 

role in the anti-apoptotic mechanism. It also 

launches a series of biological processes related 

to cell cycle regulation, telomere activity,                  

angiogenesis and cell migration and invasion (21). 

Toulany et	al. has shown that in human tumor 

cells, ionizing radiation can alter the                             

phosphorylation status of DNA-PKcs through the 

PI3K/AKT signaling pathway, DNA-PKcs directly 

acted on the X-ray repair protein XRCC1 in cut 

repair (BER) (22). However, our result showed 

that the expression of PI3K did not change                

signi1icantly after exposure to LDR, but the              

activity of AKT was signi1icantly enhanced,             

accompanied by increased expression of                

DNA-PKcs. This was consistent with the notion 

that PI3K/AKT signaling induced by LDR                  

promoted the activation of DNA-PKcs, ultimately 

resulting in the repair of DSBs via the NHEJ 

pathway. 

The MAPK/ERK signal transduction pathway 

in mammals is well-known. There is high                  

expression of p-MAPK or MAPK in many                    

malignant tumor tissues such as breast cancer, 

lung cancer, prostate cancer, melanoma, etc. (23). 

Previous studies have shown that IR can induce 

the activation of MAPK/ERK pathway mediated 

by cancer cell growth factor, but the relationship 

between LDR and the proliferation pathway of 

normal epithelial cells has not been reported. 

Our results showed that activation of MAPK in 

MCF10A cells was signi1icantly enhanced after 

treatment with LDR while the total level of 

MAPK appeared to remain unchanged,                       

suggesting that LDR partly activated the                    

proliferation pathway of mammary epithelial 

cells. MAPK acts as a key regulator of cell         

differentiation, the MAPK/ERK signal                     

transduction pathway is closely related to cell 

growth and proliferation (23). The mechanism 

underlying the response of the cell to DSBs          

induced by LDR requires further investigation. 

Cav-1 is a major structural protein of                  

caveolae, and it is involved in many                           

physiological and patho-physiological processes, 

such as cardiovascular diseases, eurological            

disorders and cancers. Previous studies have 

suggested that in most tumor cells, Cav-1 is           

either not expressed or expressed in low level, 

and a close relationship has been observed           

between Cav-1 and the proliferation,                            

differentiation, invasion, metastasis and                  

apoptosis of many tumor cells (24). In recent 

years, more and more evidence have shown that 

Cav-1 is also a key protein in DNA damage repair 

and that it is involved in DNA damage repair 

during cancer development and progression (11, 

12). A high level of Cav-1 was detected in normal 

human mammary epithelial cells such as 

MCF10A, but following exposure to LDR, the  

level of Cav-1 slowly increased (2 h and 12 h) 

and then sharply decreased (24 h), suggesting 

that Cav-1 might be an important protein        

involved in LDR-induced DNA damage repair. To 

con1irm this result, we further analyzed the level 

of Cav-1 in the haploinsuf1iciency cell line 

MCF10A-ST1 to establish its connection with the 

expression of DNA repair-related proteins. The 

expression levels of DNA repair-related proteins 

changed following the down-regulation of Cav-1 

expression, indicating the requirement of Cav-1 

in DNA damage repair triggered by LDR in              

human mammary epithelial cells, and this was 

consistent with the conclusion drawn from  

studies conducted with cancer cells. 

 

 

CONCLUSION 

 

LDR could increase the radiation sensitivity 

of the human mammary epithelial cells,                    

triggering the repair mechanism that involved 

the activation of DNA repair pathways including 

both HR and NHEJ and also the proliferation and 

survival pathways, in which Cav-1 may play an 

important role.  

Zou et al. / Effect of radiation on DNA repair requiring Caveolin-1  

147 Int. J. Radiat. Res., Vol. 15  No. 2, April 2017 

 [
 D

O
I:

 1
0.

18
86

9/
ac

ad
pu

b.
ijr

r.
15

.2
.1

41
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
rr

.c
om

 o
n 

20
26

-0
2-

07
 ]

 

                               7 / 8

http://dx.doi.org/10.18869/acadpub.ijrr.15.2.141
http://ijrr.com/article-1-1958-en.html


ACKNOWLEDGEMENTS 
 

This	 work	 was	 supported	 by	 the	 National													

Natural	Science	Foundation	of	China	[30970353]	

and	 the	Natural	 Science	 Foundation	 of	 Liaoning	

Province	[2015020568].	
 

Con'licts	of	interest: Declared	none.	

The authors contributed equally to this work. 
 

 

REFERENCES 
 

1. Brandsma I and Gent DC (2005) Pathway choice in DNA 

double strand break repair: observa&ons of a balancing 

act. Genome Integr, 3(1): 9.  

2. Flores-Rozas H, Jaafar L, Xia L (2015) The Role of DNA Mis-

match Repair and Recombina&on in the Processing of DNA 

Alkyla&ng Damage in Living Yeast Cells. Adv Biosci Biotech-

nol, 6(6): 408-418. 

3. Yoon JH, Ahn SG, Lee BH, Jung SH, Oh SH (2012) Role of 

autophagy in chemoresistance: regula&on of the ATM-

mediated DNA-damage signaling pathway through ac&va-

&on of DNA-PKcs and PARP-1. Biochem Pharmacol, 83(6): 

747-757. 

4. Furdui CM (2014) Ionizing radia�on: mechanisms and 

therapeu�cs. An&oxid Redox Signal, 21(2): 218-220. 

5. Griffin CS and Thacker J (2004) The role of homologous 

recombina&on repair in the forma&on of chromosome 

aberra&ons. Cytogene&c Genome Res, 104(1-4): 21-27. 

6. Hefferin ML and Tomkinson AE (2005) Mechanism of DNA 

double-strand break repair by non-homologous end join-

ing. DNA Repair, 4(6): 639-648. 

7. Hu L, Wu QQ, Wang WB, Jiang HG, Yang L, Liu Y, Yu HJ, Xie 

CH, Zhou YF, Zhou FX (2013) Suppression of Ku80 corre-

lates with radiosensi&vity and telomere shortening in the 

U2OS telomerase-nega&ve osteosarcoma cell line. Asian 

Pac J Cancer Prev, 14(2): 795-799. 

8. Davis AJ and Chen DJ (2013) DNA double strand break 

repair via non-homologous end-joining. Transl Cancer Res, 

2(3): 130-143. 

9. Zou W ,Che J ,Wang C ,Cui Y, Zhang Q (2009) DNA-PKcs 

silencing inhibit the DNA repair induced by low dose radia-

&on on human breast epithelial cells. Chinese J Biotechnol, 

25(5): 727-732. 

10. Zhan Y, Wang L, Liu J, Ma K, Liu C, Zhang Y, Zou W (2013) 

Choline Plasmalogens lsolated from Swine Liver Inhibit 

Hepatoma Cell Prolifera&on Associated with Caveolin-1/

Akt Signaling. Plos One, 8(10): e77387. 

11. Bartholomew JN, Volonte D, Galbia& F (2009) Caveolin-1 

regulates the antagonis&c pleiotropic proper&es of cellular 

senescence through a novel Mdm2/p53-mediated path-

way and Ferruccio Galbia&1. Cancer Res, 69(7):                     

2878-2886. 

12. Zhu H,  Yue J, Pan Z, Wu H, Cheng Y, Lu H, Ren X, Yao M, 

Shen Z, Yang JM (2010) Involvement of Caveolin-1 in               

Repair of DNA Damage through Both Homologous            

Recombina&on and Non-Homologous End Joining. Plos 

One, 5(8): e12055. 

13. Zou W, McDaneld L, Smith LM (2003) Caveolin-1 Haploin-

sufficiency Leads to Par&al Transforma&on of Human 

Breast Epithelial Cells. An&cancer Res, 23(6C): 4581-4586. 

14. Mao Z, Bozzella M, Seluanov A, Gorbunova V (2008) DNA 

repair by nonhomologous end joining and homologous 

recombina&on during cell cycle in human cells. Cell Cycle, 7

(18): 2902-2906. 

15. Pantelias GE and Terzoudi GI (2010) Func&onal cell-cycle 

chroma&n conforma&on changes in the presence of DNA 

damage result into chroma&d breaks: a new insight in the 

forma&on of radia&on-induced chromosomal aberra&ons 

based on the direct observa&on of interphase chroma&n. 

Mutat Res, 701(1): 27-37. 

16. Riley T, Sontag E, Chen P, Levine A (2008) Transcrip&onal 

control of human p53-regulated genes. Nat Rev Mol Cell 

Biol, 9(5): 402-412. 

17. Williams AB and Schumacher B (2016) p53 in the                   

DNA-Damage-Repair Process. Cold Spring Harb Perspect 

Med, pii: a026070. doi: 10.1101/cshperspect.a026070. 

18. Salles B, Calsou P, Frit P, Muller C (2006) The DNA repair 

complex DNA-PK, a pharmacological target in cancer 

chemotherapy and radiotherapy. Pathologie Biologie, 54

(4): 185-193. 

19. Callén E, Jankovic M, Wong N, Zha S, Chen HT,                       

Difilippantonio S, Di Virgilio M, Heidkamp G, Alt FW, 

Nussenzweig A, Nussenzweig M (2009) Essen&al role for 

DNA-PKcs in DNA double strand break repair and              

apoptosis in ATM deficient lymphocytes. Mol Cell, 34(3): 

285-297. 

20. Holgersson A, Erdal H, Nilsson A, Lewensohn R, Kanter L 

(2004) Expression of DNA-PKcs and Ku86, but not Ku70, 

differs between lymphoid malignancies. Exp Mol Pathol, 77

(1): 1-6. 

21. Mar&ni M, De San&s MC, Braccini L, Gulluni F, Hirsch E 

(2014) PI3K/AKT signaling pathway and cancer: an                

updated review. Ann Med, 46(6): 372-383. 

22. Toulany M, DiKmann K, Fehrenbacher B, Schaller M,             

Baumann M, Rodemann HP (2008) PI3K-Akt signaling       

regulates basal, but MAP-kinase signaling regulates                

radia&on-induced XRCC1 expression in human tumor cells 

in-vitro. DNA Repair, 7(10): 1746-1756. 

23. Brzezianska E, Pastuszak-Lewandoska D (2011) A                   

mini-review: the role of MAPK/ERK and PI3K/Akt pathways 

in thyroid follicular cell-derived neoplasm. Front Biosci 

(Landmark Ed), 16: 422-439. 

24. Wang XX, Wu Z, Huang HF, Han C, Zou W, Liu J (2013) 

Caveolin-1, through its ability to nega&vely regulate TLR4, 

is a crucial determinant of MAPK ac&va&on in                          

LPS-challenged mammary epithelial cells. Asian Pac J             

Cancer Prev, 14(4): 2295-2299. 

Zou et al. / Effect of radiation on DNA repair requiring Caveolin-1  

148 Int. J. Radiat. Res., Vol. 15  No. 2, April 2017 

 [
 D

O
I:

 1
0.

18
86

9/
ac

ad
pu

b.
ijr

r.
15

.2
.1

41
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
rr

.c
om

 o
n 

20
26

-0
2-

07
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               8 / 8

http://dx.doi.org/10.18869/acadpub.ijrr.15.2.141
http://ijrr.com/article-1-1958-en.html
http://www.tcpdf.org

