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INTRODUCTION

Chest fluoroscopy is a commonly used in

ABSTRACT

Background: X-ray chest fluoroscopy is a compulsory component of the
health examination procedure in China. The radiation dose from chest
fluoroscopy is the largest in X-ray examination. More than half of the women
in their twenties with breast cancer have been given X-ray fluoroscopy.
Studies have shown that Caveolin-1 is involved in the repair of damage DNA
in tumor cells induced by irradiation. However the mechanism and role of
Caveolin-1 in normal human mammary epithelial cells are not clear.
Materials and Methods: Here, normal human mammary epithelial cells
(MCF10A) and the cells with Caveolin-1 knockdown (MCF10Af) were exposed
to X-ray radiation to investigate the role of Caveolin-1 in the enhancement of
radiosensitivity in these cells and the associated mechanism. Results:
Decreased survival rate and a significantly higher level of cell arrest at the G1
and G2 phases, as well as reduced activation of the DNA damage repair
proteins ATM and p53, and the stress protein p38MAPK were manifested by
MCF10A® cells compared to MCF10A cells, following exposure to X-ray
radiation. Furthermore, binding between Caveolin-1 and Mdm2 in MCF10A
cells was also lower than in MCF10A cells. Conclusion: Overall, the finding
indicated that Caveolin-1 played an important role in decreasing the
radiosensitivity of human mammary epithelial cells.

Keywords: Caveolin-1, mammary epithelial cell, radiosensitivity enhancement, DNA
damage repair.

to the human body, but the diagnosis of many
diseases requires X-ray examination, making it a
double edged sword. Among all the methods of X

X-ray examination, and the dose of radiation
applied for chest fluoroscopy is the largest in
X-ray examinations. It is about 10 times the dose
normally received from conventional X-ray
examination. The chromosome aberration and
micronucleus rates caused by DNA error repair
induced by X-ray would increase in the cells half
an hour after a chest X-ray is taken. According to
the latest estimation of International Radiation
Protection Committee, a city with a population
of 10 million is predicted to have as many as 350
people with induced cancer, leukemia or other
genetic diseases each year as a result of
receiving an X-ray examination. X-ray is harmful

-ray examination, the harm inflicted by chest
fluoroscopy is very clear. The United States,
Japan and other developed countries have
banned the use of chest fluoroscopy. Few
countries are still using chest fluoroscopy, but
the countries that do, are also trying to reduce
its usage. Unfortunately, the chance of a patient
receiving a chest fluoroscopy is very high in
China, because chest fluoroscopy is a routine
health examination component for new
employees gaining entrance into a company or
institution, either private or government owned.

Breast cancer has become a great social
concern as it is considered to be a serious
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disease that threatens women’s health at both
physical and psychological levels. According to a
report by the British "Sunday Telegraph", breast
cancer is thought to be a result of patients
receiving an X-ray in their early twenties. These
patients have been exposed to large doses of
X-ray irradiation, which generally does not have
a significant immediate impact, but is enough to
cause cancer decades later (1.

DNA is a key target of irradiation, so there
should be some correlation between the
irradiation sensitivity of the cells and level of
DNA damage sustained by the cells. DNA damage
caused by ionizing radiation includes double
strand breaks (DSBs), single strand breaks
(SSBs), base changes, protein cross-linking and
the formation of a dimer. Among them, DSBs is
very damaging because it can lead to the loss of
the gene coding sequence, destroying the
communication between the gene coding region
and its regulatory region, adversely affecting
chromosome structure and blocking DNA
replication (2. Therefore, DSBs are closely
related to irradiation sensitivity. Most
irradiation sensitive cells are accompanied by
defects in DSB repair. The radiosensitivity of
tumor cells is closely related to DSB repair, and
the repair rate of DSBs is negatively correlated
with the radiosensitivity of the cells. Thus, it has
been considered that susceptibility to DNA
damage repair could well be the main cause of
cell radiosensitivity (3.4).

Ataxia-telangiectasia mutated (ATM) is the
key protein of the HR repair pathway triggered
in response DSBs. It plays important roles in the
induction and transfer of DNA damage signals as
well as in initiating DNA damage repair (3). When
DNA damage occurs, ATM is
autophosphorylated, which-would activate and
regulate a series of proteins related to DNA
damage repair, such as histone family 2A variant
(H2AX), RAD51, p53, and murine double minute
2 (MdmZ2), enabling these proteins to aggregate
at the site of DNA damage to further activate the
downstream proteins and begin DNA repair ().

Caveolin-1, the major component of caveolae,
is a 21-24 kDa integral membrane protein that is
involved in material exchanges between
intracellular and extracellular environments,
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assembly of lipid or lipid signaling molecules,
and also in several other signaling pathways (7.8).
Recent studies had shown that Caveolin-1 might
be involved in DNA damage repair induced by
radiation, affecting the radiation sensitivity of
the cells. Our previous study had shown that the
expression of Caveolin-1 in human mammary
epithelial cells is significantly changed after
exposure to a low dose of radiation ).
Furthermore, we found that the expression level
of Ku80, p53 and phosphorylated
Mitogen-activated protein kinase (p-MAPK)
were changed by knocking down Caveolin-1 (19,
These results suggest that Caveolin-1, which
functions as a membrane signal transduction
protein, might participate in cellular radiation
response and DNA damage repair process
following exposure to radiation, and such
activities of Caveolin-1 may affect the
radiosensitivity of the cells. However, the role
and mechanism of Caveolin-1 with regard to the
radiosensitivity of normal human mammary
epithelial cells have been largely ignored.

In this study, the effect of Caveolin-1 on cell
survival and cell cycle arrest were investigated
in two different cell lines, normal human
mammary cell line MCF10A and its Caveolin-1
knockout derivative, MCF10ACE, following
exposure to X-ray radiation. The status of DNA
damage and the expression levels of proteins
associated with DNA damage repair and
radiation stress in these cells were also
examined to obtain insights into the role of
Caveolin-1 with respect to X-ray irradiation
injury and to look for potential targets that may
be important for the protection against
radiation.

MATERIALS AND METHODS

Materials and reagents

Human mammary epithelial cell line MCF10A
was purchased from ATCC (CRL-10317™),
MCF10ACE  cell line had previously been
established in our laboratory for knocking down
Caveolin-1 in MCF10A by RNAi technology [11], in
which Caveolin-1 was knocked down at about
70%. Dulbecco’s modified eagle’s medium-F12
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(DMEM/F12). Horse serum was obtained from
Hyclone Biotechnology. Insulin, cholera toxin,
epidermal growth factor and hydrocortisone
were purchased from Sigma, USA. ECL™ reagent
was purchased from Amersham Pharmacia
Biotechnology. All antibodies used in this study
are listed in table 1. Other reagents were
obtained locally.

Cell culture

The cell lines were cultured in DMEM/F12
medium containing horse serum (5%), Insulin
(10 pg/mL), Choleratoxin (100 ng/mL),
epidermal growth factor (EGF, 20 ng/mL),
Hydrocortisone (1.4 pmol/L), and supplemented
with Penicillin (100 U/mL) and Streptomycin
(100 mg/L) before use. The cells were cultured
in culture bottle and 24-well plates in incubator
with 5% CO; at 37°C, and the medium was
replaced every 48 h. The cells of logarithmic
growth phase were selected for experiments,
and the cell survival rates were more than 95%
(trypan blue dyeing count method) (11).

Cell irradiation treatment

The X-ray energy used to irradiate the cells
was 8 MeV. The dose rate was 3 Gy/min, the
source skin distance was 100 cm (SSD=100 cm),
and the irradiation field was adjusted with the
size of the cell culture plate.

Cell viability assay

Cell number and viability was evaluated by
trypan blue exclusion assay. The cells were
cultured in 24-well plates at a density of 5000
cells/well. After being irradiated with different
doses of radiation (from 0 to 10 Gy, with
increment of 1 Gy), the cells were treated with
10% trypan blue reagent, and the viability of the
cells after 24 h of incubation was then quantified
by counting the number of viable and dead cells
using a hemocytometer.

Colony formation assay

Cells were seeded in 60-cm culture dishes
followed with X-ray irradiation at different
doses (from 0 to 10 Gy, with incensement of 1
Gy) and subsequent culturing for 10-14 d. After
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that, the cells were fixed with methyl alcohol for
5 min, and then treated with 0.4% crystal violet
for 10-15 min. Colonies containing more than 50
cells were identified as surviving cells under a
stereomicroscope.

Cell cycle analysis

Cells that had been exposed to 6 Gy X-rays
were harvested 24 h or 48 h after the exposure
and washed twice with PBS. They were fixed in
75% pre-chilled ethanol for over 24 h at 4 °C and
then stained with 0.5 mL propidium iodide (PI)
(including 0.3 mg/mL RNAase, 20 ug/mL PI) for
30 min in the dark. Cell cycles were analyzed
using a FACS Calibur type flow cytometry.

Western blot

The harvested cells were washed twice with
cooling phosphate-buffered saline (PBS) and
then lysed in radio immunoprecipitation assay
(RIPA) buffer. Proteins were resolved by 10%
sodium dodecyl sulphate polyacrylamide
gelelectrophoresis (SDS-PAGE), transferred to a
polyvinylidene fluoride (PVDF) membrane. The
membranes were probed with primary
antibodies at 4°C overnight and secondary
antibody at 37°C for 1 h. Signals were detected
using enhanced chemiluminescence (ECL)
detection reagents and scanned with the Storm
Phosphor Imager. The density of each band was
quantitated using Image Quant analysis. Equal
loading was assessed by immunoblotting with a
marker, i.e., §-actin (11,

Immunofluorescence

Cells were fixed in 4% paraformaldehyde in
PBS for 10 minutes. After being permeabilized
with 0.4% Triton X-100 for 10 minutes at room
temperature, cells were blocked in 4% bovine
serum albumin (BSA) supplemented PBS for 1
hour and incubated overnight at 4°C with the

primary antibody. After 3 washes in PBS, the
cells were labeled with TRITC-conjugated
secondary antibody (11,

Statistical analysis
Data analysis was performed using the t-test
and analysis of variance. Data were expressed as
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means * SDs, and significant differences were
considered at the *(*)P<0.05 or **(**)P<0.01
level.

Table 1. List of antibodies used in this study and their sources.

Antibodies

Sources

Wuhan boster
Biological Engineering
Co., Ltd.
Beijing Zhongshan
Jingiao Biological
Engineering Co.

Anti-b-Actin monoclonal
antibody.

Goat anti-Rabbit IgG-HRP anti-
body and anti-Mouse IgG-HRP
antibody.
Anti-Caveolin-1 polyclonal
antibody, anti-ATM monoclonal
antibody, anti-p53 monoclonal
antibody, anti-yH,AX
monoclonal antibody, and
anti- Mdm2 monoclonal
antibody.

Santa Cruz
Biotechnology Inc.

RESULTS

Effects of Caveolin-1 knockdown on the
radiosensitivity @ of @ human  mammary
epithelial cells

The ability of MCF10A and MCF10ACE cells to
withstand X-ray irradiation was investigated by
assessing the survival of the cells following
X-ray exposure using colony formation assay.
The survival of the cells decreased with
increasing doses of radiation, with almost
complete zero survival for MCF10ACE cells after
receiving 10 Gy of X-ray, while MCF10A cells
showed better resistance to X-ray irradiation
(figure 1A). The number of colonies formed by
MCF10A and MCF10A following X-ray
exposure clearly decreased with increasing
doses of X-ray, with MCF10ACE cell showing
fewer colonies than MCF10A cells (figure 1B). As
for individual colonies, MCF10A exhibited more
compacted cells, with the cell masses consisting
of more tightly packed cells. Although the size of
the colony was smaller with 6 Gy X-ray, the cell
density of the colony appeared to remain
unchanged (figure 1B). On the other hand, the
cells in the colony formed by MCF10ACE cells
appeared to be smaller in size, and the cells
were not as tightly packed. After treatment with
6 Gy X-ray radiation, the cells became somewhat
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scattered, with most cells retained in the central
part of the colony. MCF10A cells were therefore
more resistant to X-ray irradiation than
MCF10ACE cells, and since MCF10ACE cells have
no functional Caveolin-1 gene, the result
suggested that knocking out the Caveolin-1 gene
would increase the sensitivity of the MCF10A
cells to X-ray radiation.

Effect of Caveolin-1 knockdown on the
formation of DSBs induced by irradiation

One of the early events that occurs after DSBs
are formed is the phosphorylation of the -COOH
terminus of histone H;AX, and thus
phosphorylated H2AX (gH:AX) is considered to
be a marker for DSBs. The formation of yH2AX
could be clearly observed under a fluorescence
microscope after staining with a
fluorescence-tagged antibody. To see whether
Caveolin-1 knockdown would affect DNA
damage following X-ray irradiation, the
expression level of yH;AX was analyzed. The
expression level of yH2AX was higher in
MCF10ACE cells than in MCF10A cells, as shown
by the higher level of fluorescence signal (figure
2A), indicating the presence of aggravated DSBs
in MCF10ACE cells (figure 2B). This again showed
that knocking down Caveolin-1 aggravated DNA
damage induced by radiation. At the same time,
due to the continuous existence of yH2AX, which
represented the presence of unrepaired DNA
damage, the result therefore suggested that
knocking down Caveolin-1 would impair DNA
damage repair.

Effect of Caveolin-1 knockdown on the cell
cycle induced by irradiation

The cell cycle checkpoint is one of the key
features that are affected by a DNA-damaging
agent. To determine the effect of Caveolin-1 on
the cell cycle following irradiation of the cells
with X-ray, changes in the cell cycles of MCF10A
and MCF10ACE cells treated with 6 Gy X-ray were
examined over time. In both cells, the cell
number in the G1/G2 phase increased, but
decreased in the S phase 24 h after irradiation,
indicating that the cell cycle was arrested at the
G1 and G2 phases (figure 3, table 2). However,
the cell number in the G2 phase suddenly
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decreased 48 h after irradiation. Overall, the suggested that Caveolin-1 might affect the repair
arrest of the cell cycle at the G1 and G2 phases of damaged DNA through directly or indirectly
was more significant for MCF10ACE cells. This regulating the cell cycle.
A 1
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§ i * —e— MCF10A™
T
E *
) 01| *
: | *
E I
0.01
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Figure 1. Effect of X-ray irradiation on the survival and colony formation of MCF10A and MCF10ACE cells. (A) Survival curve. The
cells were cultured for 24 h following X-ray treatment and the number of death and live cells were then determined by Trypan blue
assay. Data are the means * SDs from triplicate determinations. “**” and “*” indicates significantly different from control
(non-irradiated) cells at the P<0.01 and P<0.05 levels, respectively. (B) Colony formation. The cells were cultured for 10 days
following X-ray treatment. The left panel shows the distribution of cell colonies and the right panel shows the appearance of the
colonies. Only representative images are shown. n=3.
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Figure 2. Effect of X-ray irradiation on yH2AX level in MCF10A and MCF10ACE cells. (A) yH2AX level as detected by Western blot.
Data are the means + SDs from triplicate determinations. “**” indicates significantly different at the P<0.01 level. (B) yH2AX level as
detected by immunofluorescence. The cells were cultured for 24 h following X-ray treatment. Representative images are shown.
n=3.
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Figure 3. Effect of X-ray treatment on cell cycle of MCF10A and MCF10ACE cells. Non-irradiated cells (control) and those irradiated
with 6 Gy X-ray were subjected to flow cytometry analysis. Flow cytometry charts showing the distribution of cells within the
different cycles. Non-irradiated cells (control) and irradiated cells collected at 24 h or 48 h after irradiation. n=3.

Table 2. Comparison of the percentages of MCF10A and MCF10A cells at different stages of the cell cycle after X-ray treatment.

Percentage of cells
Cell Time (h) G1 S G2
MCF10A con 53.1+0.95 | 33.3+0.84 | 13.6+0.79
24 59.8+0.67 | 24.1+0.43" | 16.1+0.52
48 61.7+0.864 |32.4+0.8844 [5.91+0.6544
MCF10A% con 41.60.42 | 46.8+0.49 | 11.5+0.64
24 51.7+0.56 | 28.6+0.64 | 19.5+0.58
48 59.0£0.5744 | 31.7+0.874 {9.19+0.4324

Effects of Caveolin-1 knockdown on the
activation of DNA damage repair pathway
induced by irradiation

ATM is an important member of the HR DNA
repair pathway, and its expression level directly
reflects the repair capacity of the cell. To obtain
further insight into the effect of Caveolin-1 on
the activation of DNA repair pathway induced by
irradiation, changes in the expression levels of
phosphorylated ATM (p-ATM) and ATM in
MCF10A and MCF10ACE cells following
irradiation with 6 Gy X-ray were measured over
time. The level of p-ATM in both cell lines
increased significantly 15 min after irradiation,
and then decreased sharply at 1h after
irradiation, although on the whole, MCF10ACE
cells exhibited a significantly lower level of
p-ATM than MCF10A cells (figure 4A). In
addition to ATM, X-ray treatment also caused
similar changes to the expression of p53, which
is a downstream target gene of ATM (figure 4B).
The results showed that Caveolin-1 did have an
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effect on the activation of DNA damage repair
pathway in a cell following irradiation.

Mdm?2 is a negative regulator of p53. When
DNA damage occurs, p53 would dissociate from
Mdm?2 and the free Mdm2 then proceeds to
negatively regulate the process of DNA damage
repair. The expression of ATM is known to be
regulated by Caveolin-1 when DNA is damaged
(12), Thus the connection between Caveolin-1 and
Mdm?2 was further investigated by probing
whether the two proteins are colocalized. The
results showed that there was no Caveolin-1
localized with Mdm?2 in the control group, but
showed a significantly high level of Caveolin-1
colocalized with Mdm2 in MCF10A cells at 12 h
following irradiation with 6 Gy X-ray (figure 4C).
This suggested that the colocalization of
Caveolin-1 with Mdm2 might be induced by
X-ray irradiation, which would effectively
relieve the antagonistic action of Mdm2 toward
p53.

Int. J. Radiat. Res., Vol. 18 No. 1, January 2020
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Figure 4. Effect of X-ray on the expressions of p-ATM, p53 and Mdm2 in MCF10A and MCF10A cells. Cells were irradiated with 6
Gy X-ray and the levels of p-ATM (A), and p53 (B) following different times (15 min, 1 h, 12 h and 24 h) of incubation were
determined by western blot. The plot below the blot in A shows the intensity of the phosphorylated band relative to that of the non
-phosphorylated band, whereas the plot below the blot in B shows the intensity of the p53 band relative to that of the -actin band
for each time point. Data are the means + SDs from triplicate determinations. “**” indicates significantly different from control
(non-irradiated) cells at the P<0.01 level. © Co-localization of Mdm2 and Caveolin-1 in MCF10A cells as detected by
immunofluorescence analysis. Representative images are shown. n=3.

Effects of Caveolin-1 knockdown on the
activation of radiation stress and apoptosis
pathways induced by irradiation

P38MAPK pathway plays an important role in
inflammation and stress response, and also
participates in the process of cell survival,
differentiation and development. In order to
determine how Caveolin-1 might affect the
pathway involved in the repair of DNA damage
induced by irradiation, the levels of p-p38MAPK
and p38MAPK in MCF10A and MCF10ACE cells
were measured following irradiation with 6 Gy X
-ray. The level of p-p38MAPK in the MCF10ACE
cells was significantly lower than that in
MCF10A cells (figure 5A), suggesting that
knocking down Caveolin-1 might affect the

Int. J. Radiat. Res., Vol. 18 No. 1, January 2020

activation of the radiation stress pathway.

To further explore the involvement of
Caveolin-1 in apoptosis while participating in
the repair of damaged DNA induced by
irradiation, the expressions of apoptosis related
proteins Bcl-2 and in the two cell lines were also
measured after irradiation with X-ray. The
expression of Bcl-2 in both cell lines was down
regulated after irradiation with 6 Gy X-ray, but
again, MCF10ACE cells displayed a lower level
compared to MCF10A cells (figure 5B).
Furthermore, the apoptotic pathway mediated
by Caspase-3 was not activated (figure 5C),
suggesting that knocking down Caveolin-1 had
no obvious effect on the apoptosis pathway.
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Figure 5. Effect of X-ray irradiation on the expression levels of p-p38, Bcl-2 and Caspase-3 in MCF10A and MCF10ACE cells. Cells
were irradiated with 6 Gy X-ray and the levels of p-p38 (A), Bcl-2 (B) and Caspase-3 (C) following different times (15 min, 30 min and
1 h) of incubation were determined by western blot. The plot below the blot in A shows the intensity of the phosphorylated band
relative to that of the non-phosphorylated band, whereas the plot below the blot in B shows the intensity of the Bcl-2 band relative
to that of the @-actin band for each time point. Data are the means + SDs from triplicate determinations. “**” indicates significantly
different at the P<0.01 level. “B@” indicates significantly different from control (non-irradiated) cells at the P<0.01 level. n=3.

DISCUSSION

Numerous studies have shown that
Caveolin-1 expression is either decreased or
absent in most tumor cells. This suggests that it
might perform a variety of cellular functions
(e.g., acting as a tumor inhibitor) that are closely
related to the transformation, proliferation,
differentiation, invasion, metastasis and
apoptosis of tumor cells ). Clinical study has
found that pancreatic cancer tends to be more
resistant to the Kkilling effect of irradiation
during the course of radiotherapy. Cordes et al.
reduced the expression of Caveolin-1 in
pancreatic cancer cells via siRNA and found that
the survival rate of these cells decreased
significantly after X-ray irradiation (13). These
authors thought that Caveolin-1 might interact
with intracellular integrin and focal adhesion
protein, and therefore by decreasing the
expression of Caveolin-1 in the cell, it would
decrease the association between the cell and
extracellular matrix, consequently having an
impact on survival when the cell is exposed to
radiation. Other investigators have found that
loss of Caveolin-1 can cause the
hyper-proliferation of intestinal crypt stem cells
in mice given 6 Gy of radiation, resulting in
reduced self renewal ability for the stem cells,
but with increased apoptosis (14, The colony
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formation assay showed that the survival ability
of MCF10ACE cells, which expressed a lower level
of Caveolin-1, was indeed lower than that of the
MCF10A cells after irradiation (figure 1). This
observation was consistent with previous
results, indicating that the role of Caveolin-1
cannot be ignored although the mechanism of its
participation in the radiation-induced damage
response in a cell is not clear.

There is no doubt that the DNA damage is the
main detrimental biological effect of radiation, in
particular, ionizing radiation, which can induce
DNA break in irradiated cells directly or
indirectly, consequently leading to cell death,
loss of proliferation, and mutation [5],
Double-strand break (DSBs) is the most serious
form of DNA damage, and it can seriously
compromise the ability of the cell to survive (16).
Several studies have demonstrated that the
YH2AX is correlated with DSBs within a 1:1 ratio,
so it can be used as an effective index for
detecting the presence of DSBs (17.18), MacPhail
etal also found that the formation of the focal
point of YH2AX induced by ionizing radiation is
not dependent on the cell type, and the yH2AX
focus is rapidly formed after the occurrence of
DSBs, and then gradually disappears after DNA
repair (7). Our results showed that knocking
down Caveolin-1 aggravated DNA damage and
affected DNA damage repair following exposure

Int. J. Radiat. Res., Vol. 18 No. 1, January 2020
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to radiation (figure 2). ATM is a kinase whose
activation is caused by the phosphorylation of
Ser1981 by DSBs, and H2AX is the substrate of
the enzyme. The formation of yH2AX mediated
by ATM must be related to the presence of DSBs.
Thus, simultaneous activation of ATM and
YH2AX in the same cell is strong evidence of the
presence of DSBs (19). In our experiments, ATM
was activated in both cell lines, indicating the
occurrence of DSBs, which was consistent with
the results of yH2AX.

Although complex and precise regulatory
mechanisms are present in the cell to help
maintain genome integrity, the damage inflicted
on the DNA by radiation is not always reparable.
If the damaged DNA cannot be repaired quickly,
the cell cycle checkpoint will be activated, which
will cause the cell to become arrested to buy
time for the DNA repair process to repair the
damaged DNA (20.21), Knocking down Caveolin-1
increased the cell cycle arrest after the cells
were treated with 6 Gy X-ray (figure 3),
suggesting that Caveolin-1 may be involved in
DNA damage repair through directly or
indirectly regulating the cell cycle.

When DSBs occurs, the DNA damage repair
process will be activated, which subsequently
leads to the recruitment of DNA repair factors to
the sites of DNA damage. These DNA repair
factors will activate ATM kinase, which will then
become autophosphorylated. The activated ATM
kinase will phosphorylate a variety of important
functional substrate proteins, which then
accumulate at the damaged DNA, and further
activate downstream proteins to initiate the
DNA repair (22.23), p53 is a downstream protein
of ATM, and it regulates the cell cycle and induce
periodic cell arrest, as well as recruiting other
repair factors to the broken ends of the DNA in
order to start the repair process 24, Mdm2 is a
negative regulator of p53, and both proteins
would interact with each other to form a
negative feedback. In normal cells, Mdm2 and
p53 are maintained in a balanced stage, but
when DNA damage occurs, they would
dissociate and negatively regulate the
expression level of each other (25). Caveolin-1
would combine with Mdm2 and activate the p53
-mediated aging signaling pathway when the
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cells are under the condition of cellular oxidative
stress (20). Increased colocalization of Caveolin-1
with Mdm2 following exposure of the cells to
X-ray radiation relieved the inhibitory action of
Mdm?2 on p53 (figure 5). This would then allow
p53 to induce cell cycle arrest in favor of DNA
repair, or to induce apoptosis if the damage to
the DNA is severe or cannot be repaired.

On the other hand, as Caveolin-1 is located on
the cell membrane, it will probably regulate the
phosphorylation of ATM. Previous study has
suggested that Caveolin-1 may work in
conjunction with serine/threonine protein
phosphatase (PP2A), the inhibitor of ATM (7).
Volonte et al found that the level of
phosphorylated ATM in Caveolin-1 deficient
mouse fiber cells was lower than the level in
normal mouse fiber cells when these cells were
subjected to oxidative stress (12. These authors
thought that Caveolin-1 might interact with
PP2A, thereby regulating the activation of ATM.
However, knocking down Caveolin-1 resulted in
reduced phosphorylation of ATM after the cells
were treated with 6 Gy X-ray (figure 4A),
consistent with the above results. Thus the
findings of this study suggested that Caveolin-1
plays an important role in protecting mammary
cells against the damaging effect of X-ray
radiation by contributing to the DNA repair
process. However, DNA damage repair by
Caveolin-1 appears to be a complex process, and
the specific mechanism of this pathway requires
further work.

CONCLUSION

Caveolin-1 played an important role in
decreasing the radiosensitivity of human
mammary epithelial cells.

ACKNOWLEDGEMENT

This work was supported by the National
Natural Science Foundation of China [30970353],
the Natural Science Foundation of Liaoning
Province, China [2015020568] and the scientific
research project of the Education Department of

73


http://dx.doi.org/10.18869/acadpub.ijrr.18.1.65
https://mail.ijrr.com/article-1-2777-en.html

[ Downloaded from mail.ijrr.com on 2026-06-25 |

[ DOI: 10.18869/acadpub.ijrr.18.1.65 ]

Zhang et al. / Caveolin-1 and radiosensitivity in MCF10A

Liaoning Province, China [L201783647].

Conflicts of interest: Declared none.

10.

11.

12.

13.

7

REFERENCES

. High dose X-ray is closely related to breast cancer. 1995

Journal of the South, 9: 46 (Brief report in Chinese).

. Garner E and Costanzo V (2009) Studying the DNA damage

response using in vitro model systems. DNA Repair (Amst),
8(9): 1025-1037.

. Belyaev IY (2010) Radiation-induced DNA repair foci: spatio-

temporal aspects of formation, application for assessment
of radiosensitivity and biological dosimetry. Mutat Res,
704(1-3): 132-141.

. Nahas SA and Gatti RA (2009) DNA double strand break

repair defects, primary immunodeficiency disorders, and
'radiosensitivity'. Curr Opin Allergy Clin Immunol, 9(6): 510
-516.

. Mian E and Wiesmidiller L (2017) Phenotypic Analysis of ATM

Protein Kinase in DNA Double-Strand Break Formation and
Repair. Methods Mol Biol, 1599: 317-334.

. Bensimon A, Schmidt A, Ziv Y, Elkon R, Wang SY, Chen DJ,

Aebersold R, Shiloh Y (2010) ATM-dependent and -
independent dynamics of the nuclear phosphoproteome
after DNA damage. Sci Signal, 3(151): rs3.

. Chatterjee M, Ben-Josef E, Thomas DG, Morgan MA, Za-

lupski MM, Khan G, Andrew Robinson C, Griffith KA, Chen
CS, Ludwig T, Bekaii-Saab T, Chakravarti A, Williams TM
(2015) Caveolin-1 is Associated with Tumor Progression
and Confers a Multi-Modality Resistance Phenotype in
Pancreatic Cancer. Sci Rep, 5: 10867.

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

Choline plasmalogens isolated from swine liver inhibit
hepatoma cell proliferation associated with caveolin-1/Akt
signaling. PLoS One, 8(10): e77387.

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

silencing inhibit the DNA repair induced by low dose
radiation on human breast epithelial cells. Chin J Biotech,
25(5): 727-732.

Zhang YJ, Cui YY, Li HY, Che J, Shi D, Wang Y, Zou W (2017)
Effects of low dose radiation on the expression of proteins
related to DNA repair requiring Caveolin-1. JRR, 15(2):
141-148.

Wang XX, Wu Z, Huang HF, Han C, Zou W, Liu J (2013)
Caveolin-1, through its ability to negatively regulate TLR4,
is a crucial determinant of MAPK activation in LPS-
challenged mammary epithelial cells. Asian Pac J Cancer
Prev, 14(4): 2295-2299.

Volonte D, Kahkonen B, Shapiro S, Di Y, Galbiati F (2009)
Caveolin-1 expression is required for the development of
pulmonary emphysema through activation of the ATM-
p53-p21 pathway. J Biol Chem, 284(9): 5462-5466.

Cordes N, Frick S, Brunner TB, Pilarsky C, Griitzmann R,
Sipos B, Kloppel G, McKenna WG, Bernhard EJ (2007) Hu-
manpancreatic tumor cells are sensitized to ionizing radia-

4

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

tion by knockdown of Caveolin-1. Oncogene, 26(48): 6851-
6862.

Li J, Hassan GS, Williams TM, Minetti C, Pestell RG, Tan-
owitz HB, Frank PG, Sotgia F, Lisanti MP (2005) Loss of
Caveolin-1 causes the hyper-proliferation of intestinal
crypt stem cells, with increased sensitivity to whole body
gamma-radiation. Cell Cycle, 4(12): 1817-1825.

Morgan MA and Lawrence TS (2015) Molecular Pathways:
Overcoming Radiation Resistance by Targeting DNA Dam-
age Response Pathways. Clin Cancer Res, 21(13): 2898-
2904.

Santivasi WL and Xia F (2014) lonizing radiation-induced
DNA damage, response, and repair. Antioxid Redox Signal,
21(2): 251-259.

MacPhail SH, Banath JP, Yu TY, Chu EH, Lambur H, Olive PL
(2003) Expression of phosphorylated hmtone H2AX in
cultured celllines following exposure to X-rays. Int J Radiat
Biol, 79(5): 35/-358.

Rogakou EP, Pilch DR, Orr AH, Ivanova VS, Bonner WM
(1998) DNA double stranded bresks induce histone H2AX
phosphorylation on serme 139. J Biol Chem, 273(10): 5858
-5868.

Zhao J, Guo Z, Pei S, Song L, Wang C, Ma J, Jin L, Ma Y, He
R, Zhong J, Ma Y, Zhang H (2017) pATM and yH2AX are
effective radiation biomarkers in assessing the radiosensi-
tivity of 12C6+ in human tumor cells. Cancer Cell Int, 17:
49.

Brem R, Li F, Montaner B, Reelfs O, Karran P (2010) DNA
breakage and cell cycle checkpoint abrogation induced by
a therapeutic thiopurine and UVA radiation. Oncogene, 29
(27): 3953-3963.

Liu B, Zhou Z, Zhou W, Liu J, Zhang Q, Xia J, Liu J, Chen N, Li
M, Zhu R (2014) Resveratrol inhibits proliferation in hu-
man colorectal carcinoma cells by inducing G1/SBphase
cell cycle arrest and apoptosis through caspase/
cyclinBCDK pathways. Mol Med Rep, 10(4): 1697-1702.
Furdui CM (2014) lonizing radiation: mechanisms and ther-
apeutics. Antioxid Redox Signal, 21(2): 218-220.

Tichy A, Vavrova J, Pejchal J, Rezacova M (2010) Ataxia-
telangiectasia mutated kinase (ATM) as a central regulator
of radiation-induced DNA damage response. Acta Medica
(Hradec Kralove), 53(1): 13-17.

Emami S (2010) Interplay between p53-family, their regu-
lators, and PARPs in DNA repair. Gastroenterol Clin Biol,
35(2): 98-104.

Cao L, Kawai H, Sasatani M, lizuka D, Masuda Y, Inaba T,
Suzuki K, Ootsuyama A, Umata T, Kamiya K, Suzuki F
(2014) A novel ATM/TP53/p21-mediated checkpoint only
activated by chronic vy-irradiation. PLoS One, 9(8):
el104279.

Bartholomew JN, Volonte D, Galbiati F (2009) Caveolin-1
regulates the antagonistic pleiotropic properties of cellular
senescence through a novel Mdm2/p53-mediated path-
way. Cancer Res, 69(7): 2878-2886.

Li L, Ren CH, Tahir SA, Ren C, Thompson TC (2003) Caveolin
-1 Maintains Activated Akt in Prostate Cancer Cells
through Scaffolding Domain Binding Site Interactions with
and Inhibition of Serine/Threonine Protein Phosphatases
PP1 and PP2A. Mol Cell Biol, 23(24): 9389-9404.

Int. J. Radiat. Res., Vol. 18 No. 1, January 2020


https://www.ncbi.nlm.nih.gov/pubmed/28477129
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20XX%5BAuthor%5D&cauthor=true&cauthor_uid=23725130
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=23725130
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20HF%5BAuthor%5D&cauthor=true&cauthor_uid=23725130
https://www.ncbi.nlm.nih.gov/pubmed/?term=Han%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23725130
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zou%20W%5BAuthor%5D&cauthor=true&cauthor_uid=23725130
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23725130
https://www.ncbi.nlm.nih.gov/pubmed/?term=Caveolin-1%2C+Through+its+Ability+to+Negatively+Regulate+TLR4%2C+is+a+Crucial+Determinant+of+MAPK+Activation+in+LPS-challenged+Mammary+Epithelial+Cells
https://www.ncbi.nlm.nih.gov/pubmed/?term=Caveolin-1%2C+Through+its+Ability+to+Negatively+Regulate+TLR4%2C+is+a+Crucial+Determinant+of+MAPK+Activation+in+LPS-challenged+Mammary+Epithelial+Cells
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhao%20J%5BAuthor%5D&cauthor=true&cauthor_uid=28450809
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guo%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=28450809
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pei%20S%5BAuthor%5D&cauthor=true&cauthor_uid=28450809
https://www.ncbi.nlm.nih.gov/pubmed/?term=Song%20L%5BAuthor%5D&cauthor=true&cauthor_uid=28450809
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20C%5BAuthor%5D&cauthor=true&cauthor_uid=28450809
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ma%20J%5BAuthor%5D&cauthor=true&cauthor_uid=28450809
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jin%20L%5BAuthor%5D&cauthor=true&cauthor_uid=28450809
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ma%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=28450809
https://www.ncbi.nlm.nih.gov/pubmed/?term=He%20R%5BAuthor%5D&cauthor=true&cauthor_uid=28450809
https://www.ncbi.nlm.nih.gov/pubmed/?term=He%20R%5BAuthor%5D&cauthor=true&cauthor_uid=28450809
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhong%20J%5BAuthor%5D&cauthor=true&cauthor_uid=28450809
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ma%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=28450809
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20H%5BAuthor%5D&cauthor=true&cauthor_uid=28450809
https://www.ncbi.nlm.nih.gov/pubmed/28450809
http://dx.doi.org/10.18869/acadpub.ijrr.18.1.65
https://mail.ijrr.com/article-1-2777-en.html
http://www.tcpdf.org

