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Downregulation of MDC1 and S3BP1 by short hairpin RNA
enhances radiosensitivity in laryngeal carcinoma cells
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Abstract. DNA double-strand breaks (DSBs) induced by
ionizing radiation (IR) are among the most cytotoxic types of
DNA damage. The DNA damage response (DDR) may be a
reason for the cancer cell resistance to radiotherapy using IR.
Identified as critical upstream mediators of the phosphoryla-
tion of ataxia telangiectasia-mutated (ATM) pathway, mediator
of DNA damage checkpoint 1 (MDCI) and p53-binding
proteins 1 (53BP1) may affect the radiosensitivity of tumor
cells. In the present study, we generated two HEP-2 cell lines
with a stable knockdown of MDC or 53BP1 with short hairpin
RNA (shRNA), respectively, and investigated the effect of
MDCI and 53BP1 on cell radiosensitivity, cell cycle distribu-
tion and the formation of cell foci. Downregulation of the two
proteins reduced the number of clonogenic cells that treated
with IR. Accumulation of G2/M phase cells was detected after
the MDC1 and 53BP1 downregulation. These results indicated
that the expression of MDC1 or 53BP1 limited tumor cell
sensitivity to radiotherapy and may play an important role
in the DNA repair progression. Furthermore, the MDCI1 foci
was identified and presented in the 53BP1-inhibited cells. By
contrast, the 53BP1 foci was absent from the MDCl1-inhibited
cells. The results confirmed that the recruitment of 53BP1 into
the foci occurred in an MDC1-dependent manner.

Introduction

DNA double-strand breaks (DSBs) arising from a number of
endogenous and exogenous sources, such as oxidative stress
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and ionizing radiation (IR), can induce the DNA damage
response (DDR) (1). As an important mechanism of mainte-
nance of genomic integrity, the DDR cascade senses genome
damage and activates several downstream pathways including
cell cycle checkpoints and DNA repair, to protect cancer cells
from DNA damage. Ataxia telangiectasia-mutated (ATM) and
ATM-related (ATR) kinases are phosphoinositol 3-kinase-like
kinases (PIKKSs) that regulate the DNA damage signaling
response (2,3). Once activated, ATM and ATR in turn phos-
phorylate the histone variant H2AX and downstream effectors,
including the Chkl and Chk2 cell cycle kinases, resulting in
cell cycle checkpoint activation and cell cycle arrest. The
checkpoint activation frequently leads to modifications of
DNA repair factors and results in a more efficient removal of
the lesions and increased resistance to further damage. The
cell cycle arrest of cancer cells induced by IR damage is the
main reason of radioresistance (4).

An emerging classification of proteins termed mediators
participates in the transduction of the checkpoint response (5).
These proteins are thought to be involved in the recognition of
DNA damage and the recruitment of additional proteins that
facilitate downstream signaling and repair. Important media-
tors are mediators of DNA damage checkpoint I (MDC1) and
p53 binding protein 1 (53BP1), which participated in the
signaling pathway initiated by ATM (6,7). MDCI1, containing
functional domains such as forkhead-associated domain
(FHA) and BRCAI1 carboxy-terminal (BRCT) domains, can
recognize the phosphorylated H2AX proximal to the lesion
via its tandem BRCT domain and help to counter H2AX
dephosphorylation. As a mediator protein, MDCI1 is localized
to the damage site independently of ATM but is recruited to
the damage site through interaction with ATM-phosphorylated
histone H2AX and distributed along the damaged region (8,9).
MDCI1-H2AX interaction is important for the accumulation of
other DDR proteins such as Nijmegen breakage syndrome 1
(NBS1), 53BP1 and the activated ATM to the DSBs site, thus
amplifying DNA damage signals of G2/M phase checkpoint
activation. 53BP1, whose efficient accumulation at sites of
DSBs requires H2AX and a functional MDC1-H2AX, subse-
quently undergoes a notable relocalization to the damage
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regions following exposure to DSB-inducing IR (10,11). The
cell response to DSBs can be characterized by the formation of
foci by fluorescence microscopy. The foci represent the DSBs
sites and contain certain DDR proteins such as BRCA1, 53BP1,
nuclear factor with BRCT domain 1 (MDC1/NFBD1), NBSI,
microcephalin (MCPH1), pax transactivation domain-inter-
acting protein (PTIP) and topoisomerase IIf binding protein
(TopBP1) (12-15). The foci formation has been functionally
involved in the processes of DNA repair and checkpoints
activation. As key constituents of IR-inducing foci, MDC1 and
53BP1 were shown to maintain cell cycle arrest and promote
to repair pathways (11).

IR and many chemotherapies cause DNA damage that has
the potential to kill cells (16). The responses of tumor cells to
such damage, including activation of the cell cycle checkpoint
and DNA repair, is a determinant of cancer cell sensitivity to
radiotherapy. Previously, it was found that deficiency or abnor-
mality of the DDR-related proteins affected the DNA repair
progress, activation of the cell cycle checkpoint and cell death
pathways, thereby influencing the radiosensitivity of tumor
cells (17). As an indispensable component of DDR, MDCI1 and
53BP1 have been reported to be abnormally expressed in head
and neck tumor cell line Hep-2 (18). However, whether they have
an impact on the cell cycle checkpoint of Hep-2 treated with IR
remains to be determined. In the present study, we downregu-
lated MDCI and 53BP1 using short hairpin RNA (shRNA) to
determine the relationship between MDCI and 53BP1 expres-
sion and Hep-2 sensitivity to IR. We also discussed the roles of
MDCI and 53BP1 in the activation of each checkpoint.

Materials and methods

Cell line and culture. Human Hep-2 laryngeal carcinoma
cells were kindly provided by the State Key Laboratory
of Biotherapy, Sichuan University (Sichuan, China). The
cells were cultured in DMEM or RPMI-1640 (Gibco-BRL,
Gaithersburg, MD, USA) supplemented with 10% fetal bovine
serum (FBS) and penicillin/streptomycin in a humidified incu-
bator with 5% CO, and 95% air at 37°C.

shRNA design and plasmid construction. The targeting
sequences for shRNA plasmids were as follows: hMDCI1 shl,
5'-GCAGAAGCCAATCAGCAAA-3" sh2, 5-AGAGGGAC
AATGATACAAA-3'; h53BP1 and shl, 5-GATACTGCCTCA
TCACAGT-3"; h53BP1 and sh2, 5-GAACGAGGAGACGGT
AATA-3". The negative control sequence (NC) used was
5'"TTCTCCGAACGTGTCACGTT-3'". The targeting frag-
ments were introduced into GV102 plasmid (GeneChem Inc.,
Shanghai, China).

Establishment of stable cell lines. The shRNA plasmids were
transfected into the Hep-2 cell line with Lipofectamine™ 2000
(Invitrogen Life Technologies, Carlsbad, CA, USA) according
to the manufacturer's instructions. Briefly, 1.5x10° cells were
seeded into a 24-well plate for 24 h before transfection in
order to achieve 90-95% confluency at the time of transfection.
For each transfection sample, 0.8 ug plasmid DNA and 2 ul
lipofectin were diluted in 50 ul Opti-MEM and incubated for
5 min. Diluted Lipofectamine™ 2000 was then combined with
this diluted DNA and incubated for 20 min at room tempera-
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ture, and this mixture was subsequently overlaid onto the
cells and incubated for 6 h. Then, 2 ml/well growth medium
(10% FBS) was added to further cultivate the cancer cells for
an additional 24 h. The transfected cells were then transferred
at a 1:10 dilution into a 6-well plate where stably transfected
Hep-2 cells were selected after being cultivated in the pres-
ence of G418. Following selection, stable cell populations
were identified by direct immunofluorescence and designated
as NC (transfected by sh-Negative control), C6 (transfected by
sh-MDC1) and P6 (transfected by sh-53BP1) The interference
efficiency of shRNAs was determined through green fluores-
cent protein (GFP) and western blot analysis. The GFP was
used as a marker of the plasmid expression.

Assessment of the cell cycle phase using flow cytometry. A
cell cycle assay was performed using flow cytometry (FCM).
Briefly, the cells in the logarithmic growth phase were released
from the culture flask using 0.25% trypsin and dispersed in
RPMI-1640 medium with 10% FBS. The cell suspension was
then centrifuged for 10 min at 1000 rpm, and the supernatant
was discarded. The cells were washed and resuspended twice
at 1x10° cells/ml in PBS (pH 7.4) followed by fixation with 70%
ethanol at 4°C for 1 h. After washing, the cells were incubated
with 50 and 250 pg/ml RNase at 4°C for 30 min and analyzed
by FCM. Samples were used in triplicate for each group.

Western blotting. Cells were collected with PBS and lysed at
4°C in non-reducing cell lysis buffer. Each sample containing
an equal amount of whole cell lysates was subjected to
electrophoresis in 6% SDS-polyacrylamide gels. After elec-
trophoresis at 170 V for 2 h, the protein was blotted onto a
PVDF membrane at 100 V for 2 h. Primary antibodies
against MDCI1 (1:1,000; Abcam Inc., Cambridge, MA, USA),
53BP1 (1:1,000; Cell Signaling Technology, Danvers, MA,
USA) and B-actin (1:1,000; Sigma-Aldrich, St. Louis, MO,
USA) were used, according to the manufacturer's instruc-
tions. After washing the membrane, the secondary antibody
(HRP-conjugated anti-mouse IgG) was used for the detection
of MDCl1, 53BP1 and fB-actin. The bands were visualized by
the ECL detection system after washing the membrane.

Immunofluorescence. Cells grown on coverslips were washed
with PBS, fixed and permeabilized with 4% paraformaldehyde
and 0.1% Triton X-100 and washed three times with PBS.
The cells were incubated with 5% normal goat serum at 4°C
for 1 h followed by incubation with anti-53BP1 (1:200; Cell
Signaling Technology) and anti- MDC1 (1:400; Abcam Inc.)
antibodies which was diluted with PBS containing 5% normal
goat serum. After washing with PBS, the cells were incubated
with FITC-conjugated goat anti-rabbit antibodies and then
incubated with 0.5 pg/ml Destination Access Point Identifier
(DAPI) (1:200; Sigma-Aldrich). The cells were washed to
remove unbound antibodies and DAPI and observed using a
confocal microscope.

Proliferation curve assay. The cells from each experimental
group were plated at 1x10° cells/well on 96-well plates. Cell
proliferation was assessed by the MTT (moto-nuclear cell
direc cytotoxicity assay) [3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazoliumbromide] assay at the indicated time-points



ONCOLOGY REPORTS 34: 251-257, 2015

Figure 1. Light microphoto and fluorescent expression in Hep-2-transfected
stable cell lines. (A) C6 (transfection of pMDC1), (B) P6 (transfection of
pS3BP1), (C) NC (transfection of pNegative-control). Level of protein of
(D) P6 and (E) C6 detected by western blotting. MDC1, mediator of DNA
damage checkpoint 1; NC, negative control.
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Figure 2. The cell viability in each group. Cell proliferation was rarely
suppressed in each group, while transfection with plasmid and downregula-
tion of MDCI and 53BP1 had no inhibitory effect on Hep-2 cells. MDCl1,
mediator of DNA damage checkpoint 1; 53BP1, p53-binding proteins 1.

(1,2,3,4,5,6,and 7 day). Briefly, 20 ul of MTT (5 pg/ml) was
added to each well and incubated for 2 h. Subsequently, the
MTT solution was removed, and 150 ul of dimethyl sulfoxide
(DMSO) was added to each well and the plate was agitated
for 10 min to dissolve the formazan crystals. The absorbance
of each well was determined at 570 nm on a microtiter plate
reader (BioTek, Winooski, VT, USA).
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Detection of IR sensitivity by colony formation assays.
Briefly, the cell lines were plated at an appropriate density
(10', 102, 10°, 10* and 10°/well) on 6-well plates and incubated
for 5 h at 37°C. The cells were exposed to X-ray at a single
dose of 0, 2, 4, 6, 10 Gy followed by incubation for 14 days
without disturbance. Formed colonies were fixed by methanol
for 15 min and visualized by staining with Giemsa. The plating
efficiency and surviving fraction were evaluated as:

. of control lonies formed
no. of contro. group colonies 1orme: X 100%

Plating efficiency (PE) =
£ y (PE) no. of cells seeded

Surviving fraction (SF) = no. of experimental group colonies

no. of cells seeded x PE

Statistical analysis. Statistical analysis was carried out using
the SPSS 15.0 software (SPSS, Inc., Chicago,IL, USA). Survival
curves were generated based on the Kaplan-Meier method and
the statistical significance was determined by Mann-Whitney
U-tests. A P-value <0.05 on a two-tailed test was considered
statistically significant.

Results

Establishment of cell lines with a low expression of MDCI/
53BPI. To determine whether a decrease in MDC1/53BPI
expression was affected by MDCI1/53BPI gene silencing,
we generated laryngeal carcinoma Hep-2 cells with a stable
expression of shRNAs targeting MDCI1/53BPI. The stable
cell lines were designated as C6 and P6, respectively, (Fig. 1A
and B). The cell line with a stable expression of sh-Negative
control was designated as NC (Fig. 1C). The downregula-
tion of MDC1 and 53BP1 was assessed by western blotting.
Data showed that the protein expression was decreased
significantly in shRNA-transfected cells compared with
shNC-transfected cells (P<0.05). However, no significant
difference was detected between the NC and untransfected
cells (P>0.05) (Fig. 1D and E).

Downregulation of MDC1/53BPI is unrelated to cell prolife-
ration. MTT assays were performed to assess the effect of
MDCI1/53BPI downregulation on cell proliferation. The cells
transfected with sh-MDCI1 or sh-53BP1 showed the same
proliferation ability as the untransfected cells (P>0.05). The
results suggested that the downregulation of 53BP1 or MDCl1
and the expression of shRNAs had no effect on cell prolifera-
tion (Fig. 2).

Downregulation of MDCI1/53BPI1 increases laryngeal
carcinoma cell radiosensitivity. To investigate whether the
downregulation of MDCI1 or 53BP1 was associated with an
increase in radiosensitivity, cells with a stable expression of
shMDC1 or sh53bpl were subjected to the colony formation
assay following exposure to different doses of X-rays. Compared
to the parental Hep-2 cells, the MDC1/53BP1 downregulation of
Hep-2 cells exhibited a significant increase in sensitivity to the
X-rays. The colony formation in the NC cells (transfected with
control shRNA) was 56.7% for 2 Gy. By contrast, the X-rays
seemed to exert more effect on the C6 and P6 cells with the
downregulation of MDC1 or 53BP1, with the efficacy of colony
formation being reducing from 43.5 to 48.4%. A statistically
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Figure 3. Clonogenic survival curves of different cell lines measured after
14-day with clone formal assay after IR. Table I shows the factor of radiosen-
sitivity of the different cell lines. “P<0.05 vs. Hep-2. IR, ionizing radiation.

significant difference (P=0.02<0.05) was found in the colony
formation when C6 and P6 cells were compared with the NC
or parental cells (Fig. 3). Furthermore, a significant decrease
in Dq and DO, which are important indicators of cell radio-
sensitivity, was observed when the MDCI1- and 5BP1-inhibited
cells were compared with the parental cells (0.721,0.9 vs. 1.226
and 1.724, 1.811 vs. 1.92) (P<0.05) (Table I) (19). The effect of
MDCI1 and 53BP1 knockdown on the cell IR sensitivity showed
an increase in a dose-dependent manner. These data indicated
that the downregulation of MDC1 and 53BP1 levels in laryn-
geal carcinoma Hep-2 cells increased the sensitivity to IR.

Effects of MDCI and 53BPI on cell cycle arrest. To determine
whether MDC1 and 53BP1 play a role in the activation of DSB
cell cycle checkpoints, we analyzed the effects of MDC1 and
53BP1 downregulation with irradiation, on the cell cycle distri-
bution using FCM. Twelve hours after exposure to a low dose
of radiation (2 Gy), the variations of intra-S-phase cells among
the four groups showed no significant difference (P>0.05).
However, C6 showed a significant increase in the proportion
of G2/M phase cells and a reduction in the proportion of GO/
G1 phase cells compared with the NC cells. P6 showed a 5-fold
increase in the percentages of cells in the S phase compared
with the NC or parental cells. After treatment with 6 Gy X-rays,
the percentage of C6 cells in G2/M was double that of the
control cells. P6 cells in the S phase were markedly reduced and
significantly increased in G2/M phase P6 cells were detected.
The percentages of P6 cells in the G2/M were 3-fold higher
than those in the control group. Under a high dose of IR (10 Gy),
no changes in the number of P6 cells in the S and G2/M phase
were observed, however, notable changes were evident in the
C6 cells. Hardly any C6 cells in intra-S phase were detected.
By contrast, 5-fold more C6 cells compared with the control
groups were identified in G2/M phase. Twenty-four hours after
the X-ray treatment, the NC and parental cells recovered the
cell cycle distribution similar to that of their corresponding
non-X-ray-treated cells. There was no difference in the cell
cycle distribution of C6 and P6 between the cell populations
analyzed 12 or 24 h X-rays were performed (Fig. 4B and C).
To determine the role of MDC1 and 53BP1 to the cell
response of IR, we examined the level of MDCI and 53BP1
before and after IR treatment by western blotting (Fig. 4A).
After 12 h ofexposure to IR, an increase in MDC1 and 53BP1
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Table I. The radiosensitivity parameters (X) of Hep-2 and trans-
fected cells.

Cell lines DO N Dq SF2

Hep-2 1.920 1.893 1.226 0.561
NC 1.928 1911 1.249 0.567
C6 1.724* 1.519 0.721¢ 0435
P6 1.811° 1.644 0.900* 0.484

“P<0.05 vs. Hep-2 and NC groups; DO, mean lethal dose; N, extrapo-
lation number; Dq, quasi-domain; SF2, survival fraction at 2 Gy.

expression was detected in the shNC- and shRNA-transfected
cells. The expression of MDC1 and 53BP1 increased in an IR
dose-dependent manner.

Formation of MDC1 and 53BPI foci in MDCI and 53BP1-
inhibited cells. As critical upstream mediators of DDR, MDCI1
and 56BP1 could be recruited to the sites of DSBs induced by
IR and thus resulting in the formation of foci (20). The foci were
visualized indirectly through immunostaining with antibodies
against the protein of interest (21). The antibodies were used
directly against MDCI1 and were used to detect the IR-induced
foci formation of MDC1 and 53BP1 (Fig. 5). After exposure to
X-rays, a large number of MDC1 and 53BP1 foci were detected
in Hep-2 and NC cells, with only slight variation. The MDC1
foci were also detected in p5S3BP1-knockdown P6 cells and the
number was influenced by the irradiation dose. However, the
disappearance of 53BP1 foci was identified in IR-treated P6
cells. The MDCI1 and 53BP1 foci were undetectable in C6 cells
with a downregulation of MDCI after X-ray treatment.

Discussion

The mechanisms of normal cells include repair system and
kinase-dependent signaling pathways that delay and arrest
cell cycle progression to maintain genomic integrity (1,18). By
contrast, essential functional molecules used to repair IR-induced
damage and arrest the cell cycle, thereby providing the amount
of time necessary for DNA repair are often deficient in tumor
cells. Moreover, such tumor cells die of radiation-related DNA
damage because this damage is difficult to repair (8,13). As
important mediators of the DDR signaling pathway, MDC1 and
53BP1 play a role in the activation of cell checkpoint, tumori-
genesis and tumor invasion in many mammalian cells (7,22,23).
Early studies have reported that MDCI and 53BP1 abnormal
expression in human laryngeal carcinoma Hep-2 cells (18). To
further confirm whether the expression of MDC1 and 53BP1
in Hep-2 has a causative function in the cell resistance to IR,
we established stable Hep-2 cell lines with downregulation
of MDCI and 53BP1, respectively. MDC1 and 53BP1 were
dispensable for proliferation and cell cycle in normal cell as
well as in MDCI1- or 53BP1-inhibited cells when no difference
in cell proliferation or the cell cycle between the parental and
stable-transfected cells was identified. This observation suggests
that the two proteins may only be important when damage is
caused by exogenous factors, such as radiation (17,24,25).
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Figure 4. Cell cycle differences among cell lines were detected by western blotting and FCM. (A) The change of the protein level 12 h after different doses of
IR exposure. (B) Cell cycle distribution in different cell lines under 10 Gy exposure after 0, 12, and 24 h. (C) Cell cycle distribution induced by unirradiated,
2,6, and 10 Gy dose of IR after 12 h. "P<0.05. IR, ionizing radiation; FCM, flow cytometry.

The use of IR in radiotherapy is based on the fact that expo-
sure to direct radiation may lead to significant levels of DNA
damage, such as complex DSB, resulting in loss of clonogenic
survival and tumor cell death. DDR may be a barrier of effec-
tive cell death for radiotherapy (26). As important proteins of
DDR, their role in cell radioresistance was determined using
the colony formation assay. A smaller population of C6 and P6
cells sustained an ability to form colony following treatment
with IR compared with the parental and shNC-transfected
cells at each X-ray dose. The results from the analysis of the
radiation dose-related survival curves showed significant
differences in the radiation indicators between the cells with
stable MDCI1- and 53BP1-inhibition and the parental cells.
A distinct reduction in the DO of C6 and P6 cells compared
with the control group cells was found, suggesting that the
downregulation of MDCI and 53BP1 potentially enhancea
radiosensitivity. Dq, an indicator exhibiting the cell ability to

recover from radio-induced damage, was markedly decreased
in the MDC1- and 53BPI1-inhibited Hep-2 cells. SF2, another
important indicator of radiotherapy, was found to decrease
significantly in the MDC1- and 53BPI-inhibited cells, indi-
cating that MDC1 and 53BP1 inhibition may be appropriate
for enhancing the effectiveness of fractionated radiotherapy
(CFRT) and even hyper-fraction radiotherapy (HFRT) (27-29).
The results therefore show that the low expression levels of
MDCI1 and 53BP1 promoted tumor cell sensitivity to radio-
therapy. The finding that a combination of IR treatment with
downregulation of MDC1 and 53BP1 expression to achieve a
more effective radiotherapy is a novel strategy.

Cell cycle arrest causes delays in cell cycle progression
and the co-ordination of DNA repair. In the present study, we
detected a notable change in cell cycle distribution. A robust
accumulation of G2/M phase cells was observed in the MDCI-
and 53BP1-inhibited cells after 12 h of exposure to 6 and 10 Gy
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Figure 5. The foci of different cell lines measured using a laser confocal microscope at 1 h after IR. (A) Hep-2, NC, C6 and P6 cell lines were exposed to O,
2,6 and 10 Gy IR and incubated at 37°C for 1 h before staining for MDCI1 (green). DNA was counterstained with DAPI (blue). (B) The same cell lines were
exposed to 0,2, 6 and 10 Gy and incubated at 37°C for 1 h before staining for 53BP1 (green). DNA were counterstained with DAPI (blue). IR, ionizing radiation;

MCDI, mediator of DNA damage checkpoint 1; NC, negative control.

IR. Twenty-four hours after IR treatment, the parental and
shNC-transfected cells returned to the cell cycle distribution,
which was identical to that of the corresponding non-IR-treated
cells. However, no difference in the cell cycle distribution of
C6 and P6 between the cell populations analyzed 12 or 24 h
after being subjected to X-rays was detected. It indicated that
MDCI1 and 53BP1 did not play a key role in delaying G2/M cell
progression. Of note, a significant decrease of intra-S-phase
cells was detected after 6 Gy treatment in P6 cells and the same
reduction was evident in C6 cells after exposure to 10 Gy IR.
Previous studies verified that cells lacking functional 53BP1
showed a deficiency in the intra-S-phase-checkpoint. However,
our results show that MDC1 and 53BP1 are important in
the intra-S-phase checkpoint activated by the DNA damage,
notably induced by high-dose IR (20,30,31).

The expression of MDC1 and 53BP1 in C6 and P6 cells
was detected following IR treatment. Our results show that
the two proteins increased in an IR dose-dependent manner,
which coincided with the robust accumulation of G2/M phase
cells via an IR dose-dependent increase. The G2/M checkpoint
prevented the cells from initiating mitosis when undergoing

DNA damage during G2, S and G1 phase, and provided cells
with additional time for the repair of persistent DNA lesions.
The 53BP1 and MDCl1 proteins were effectively downregulated,
however, an efficient G1 and G2/M DNA damage checkpoint
response occurred. This result indicated a rare correlation
of G1 and G2/M checkpoint activation, maintained with the
expression of MDCI1 and 53BP1 (31). By contrast, recovery of
the checkpoint is dependent on DNA repair. Thus, extension of
the checkpoint duration may be caused by the failure of DNA
repair (9).

IR-induced foci formation is the result of the increased
concentration of DDR proteins at the DNA damage site (13)
and is a highly regulated process. We observed that the low
accumulation of 53BP1 to the foci in the cells with MDCl1
was downregulated. MDC1, as the master organizer of protein
assembly at irradiation-induced foci (IRIF), is important for the
recruitment of many downstream IRIF-associated factors, such
as NBSI and RNF8 (4.,9). Previous studies have reported that
53BP1 directly binds to phosphorylated H2A. In the present
study, the results show that 53BP1 was recruited to sites of DNA
DSBs with an MDCI1 dose-dependent manner (32). Of note, the
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formation of foci seems irrelevant with regard to G1 and G2/M
checkpoint activation and maintenance because of fewer 53BP1
and MDCI1 foci in the 53BP1- and MDCl-inhibited cells.

We conclude that MDCI1 and 53BP1 are important in tumor

cell resistance to radiotherapy and it is a potential strategy,
which combines IR treatment through the downregulation of
MDCI and 53BP1 with special antibodies or shRNA, to obtain
a more efficient radiotherapy.
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