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DNA damage response induced by ionizing radiation (IR) is an important event involved in the sensitivity and
efficiency of radiotherapy in human medulloblastoma. RNF8 is an E3 ubiquitin ligase and has key roles in
the process of DNA damage and repair. Our study aimed to evaluate the effect of RNF8 in the DNA damage
repair induced by IR exposure in medulloblastoma cells. We found that the levels of RNFS8 were significantly
upregulated by y-ray irradiation in a dose-dependent manner in medulloblastoma cells and colocalized with
v-H2AX, a sensitive marker of DNA double-strand breaks induced by y-ray radiation. RNF8 knockdown was
observed to enhance the sensitivity of IR in medulloblastoma cells, as evaluated by reduced cell survival. The
apoptosis and cell cycle arrest of medulloblastoma cells were dramatically increased by RNF8 suppression
after IR treatment. Furthermore, RNF8 inhibition did not affect the protein levels of BRCAI, a crucial pro-
tein involved in IR-induced DNA damage repair, but significantly decreased the recruitment of BRCA1 and
increased the level of y-H2AX at DNA damage sites compared to the control. A significant increase in OTM
was observed in medulloblastoma cells treated by RNF8 shRNA after exposure to IR, indicating the effect of
RNF8 on DNA damage and repair. Additionally, PCNA, a major target for ubiquitin modification during DNA
damage response, was found to be monoubiquitinated by E3 ligase RNF8 and might contribute to the low
radiosensitivity in medulloblastoma cells. Altogether, our findings may provide RNF8 as a novel target for the

improvement of radiotherapy in medulloblastoma.
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INTRODUCTION

Medulloblastoma is a malignant brain tumor and
commonly occurs in children, which remains one of the
most challenging neuroepithelial tumors in central ner-
vous system malignancy, accounting for about 25% of all
pediatric brain tumors'. Currently, the standard treatment
strategies for medulloblastoma patients mainly include
surgical resection and postoperative chemotherapy or
radiotherapy’. Although these therapeutic approaches
evolve and greatly benefit for clinical practice, no signifi-
cant improvement in the prognosis of these patients has
been recorded in the last two decades’. Therefore, identi-
fication of genes and biological pathways contributing to
therapeutic inefficiency will greatly benefit for improv-
ing the prognosis of medulloblastoma.

The human hereditary substance DNA is persistently
threatened by exogenous detrimental factors such as

chemicals, mechanical stress, ionizing radiation (IR), and
ultraviolet, as well as endogenous damaging factors
including metabolic products and reactive oxygen spe-
cies (ROS). DNA double-strand breaks (DSBs) are one
of the most harmful DNA damages because unrepaired
or misrepaired DSBs can lead to genome rearrange-
ment, apoptosis, tumorigenesis, and immune deficiency.
Eukaryotic cells maintain genome integrity by the DNA
damage response (DDR) network, which initiates a series
of signal transduction cascades to lead to subsequent DNA
repair, apoptosis, and chromatin remodeling*. Upon acti-
vation of DSBs, the DDR initiates DNA damage repair by
regulating the cell cycle or apoptosis of stimulated cells,
which may cause limited sensitivity of medulloblastoma
cells to radiotherapy.

Ring finger protein 8 (RNFS8) is a E3 ubiquitin (Ub)
ligase with RING finger and has key roles in the process
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of DNA damage and repair. RNF8 could promote the
recruitment of several proteins, such as tumor protein
p53-binding protein 1 (53BP1), Rad51, and breast cancer
1, early type (BRCAL), at the sites of DNA damage by
regulating the ubiquitination of histone H2A and histone
H2A family, member X (H2AX) to facilitate DNA repair.
Previous studies reported that aberrantly expressed RNF8
may disrupt the transduction of DDR and the DNA dam-
age repair’®. However, the exact mechanism by which
RNF8 affects the process of DDR during IR exposure is
not completely known.

Proliferating cell nuclear antigen (PCNA) is a struc-
turally and functionally conserved molecular coordina-
tor in the core DNA synthesis machinery, which forms
a homotrimeric ring encircling the DNA double helix
and acts as a molecular platform to facilitate the protein—
protein and protein—-DNA interactions occurring at the
replication fork”®. Growing evidence has shown that
PCNA is a major target for Ub modification during the
DDR signaling pathways’. However, the role of PCNA
ubiquitination in the repair of DNA damage in medullo-
blastoma cells remains unclear.

In the present study, we aimed to investigate the expres-
sion of RNF8 in human medulloblastoma cells treated by
IR. Furthermore, we determined whether and how RNF8
affects the sensitivity of IR and DNA repair response in
medulloblastoma cells. We also elucidated the interac-
tion between RNF8 and PCNA ubiquitination to further
clarify the potential role of RNF8 in the radiotherapy of
medulloblastoma.

MATERIALS AND METHODS
Cell Culture and Treatment

Human medulloblastoma cell lines (BIU87, 5637, and
D283 Med) and a urothelial cell line (SV-HUC-1) were
obtained from the American Type Culture Collection
(ATCC; Manassas, VA, USA). The cells were cultured
in Dulbecco’s modified Eagle’s medium (DMEM; Invi-
trogen, Carlsbad, CA, USA) supplemented with 10%
fetal bovine serum (FBS; Invitrogen), 100 U/ml penicil-
lin, and 100 mg/ml streptomycin (Invitrogen), and main-
tained at 37°C in a humidified incubator of 5% CO,. Cells
were washed three times with phosphate-buffered saline
(PBS) prior to radiation with y-rays at 0, 2, 4, and 8 Gy.
After radiation, cells were incubated in complete growth
medium at 37°C. Then DNA DSBs were detected by neu-
tral comet assay at 0.5, 1, and 1.5 h after y-ray exposure.

The Transfection

The RNF8 short hairpin RNA (shRNA) or its nega-
tive control shRNA was, respectively, transfected into the
D283 Med cells using Lipofectamine 2000 (Invitrogen)
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as described by the manufacturer’s instructions. The
short interfering RNA (siRNA) primer sequences were
designed by Invitrogen Block-iT RNAi Designer (appen-
dix). RNF8 shRNA_414: 5-GGA CAA UUA UGG ACA
ACA A dTdT-3'(F), 5’- UUG UUG UCC AUA AUU
GUC C dTdT-3’(R). The pcDNA3.1/Ub-specific pepti-
dase 7 (USP7) plasmid as well as control plasmid estab-
lished by our colleague Dr. Fei Li (College of Nursing,
Xi'an Medical University, Xi'an, P.R. China) were also
transfected into the D283 Med cells using Lipofectamine
2000.

Neutral Comet Assay

The neutral comet assay was used to measure DNA
DSB and performed as previously described'’. Briefly,
cells were placed in 0.25% trypsin digestion and then
prepared for 5x 10%/ml single-cell suspension. The sus-
pension (0.5 ml) was mixed with 1.5 ml of 1% low-
melting-point agarose, which was quickly placed on
precooling glass slides. The slides were dissociated for
3 h at room temperature and then were dipped into wash-
ing buffer overnight at 4°C. The treated slides were set
for electrophoresis for 25 min at 0.55-0.66 V/cm. After
electrophoresis, the gel was stained with 2.5 pug/ml pro-
pidium iodide (PI) for 30 min and then had comet image
analysis within 48 h using CASP software (Wroclaw Uni-
versity, Poland). The degree of DNA damage was expres-
sed as Olive tail moment (OTM), which was defined as
the product of average distance of DNA migration and
DNA content of the comet tail. The “comet” image of
each cell was analyzed and recorded independently.

Western Blot

Total proteins or nuclear proteins were extracted using
the Tissue or Cell Protein Extraction Kit (Amresco, USA)
from cells. The CelLytic™ NuCLEAR™ Extraction Kit
(Sigma-Aldrich, St. Louis, MO, USA) was employed for
extraction of nuclear proteins. The primary antibodies
were purchased from Abcam (Cambridge, UK), except
anti-PCNA and anti-ubiquityl-PCNA antibodies (CST,
MA, USA). The proteins were separated by SDS-PAGE
followed by electrotransfer to nitrocellulose (NC) mem-
brane, and then the membranes were probed using anti-
bodies against y-H2AX (phospho S139) (1:1,000), B-actin
(1:5,000), RNF8 (1:1,000), ubiquityl-PCNA (Lys164)
(1:1,000), PCNA (1:2,000), followed by a horseradish
peroxidase (HRP)-conjugated secondary antibody (Abcam).
Bands were revealed with an enhanced chemilumines-
cence (ECL) reagent (Millipore, Boston, MA, USA) and
recorded on X-ray films (Kodak, P.R. China). The den-
sitometry of each band was quantified by a gel imag-
ing system and Quantity One 4.62 software (Bio-Rad,
Hercules, CA, USA).
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RT-PCR

Total RNA was extracted using TRIzol reagents
(Invitrogen) from D283 Med cells. Isolated RNA was
electrophoresed on 1% agarose gel to examine the
purity of total RNA. The first-strand cDNA was syn-
thesized using 1.0 ug of total RNA and SuperScript® III
Reverse Transcriptase (Invitrogen). PCR amplification
was performed using a PCR amplification kit (Takara
Biotechnology, Dalian, P.R. China). The specific primers
were designed using the Primer Premier 6.0 software and
synthesized by Sangon Biotech (Shanghai, PR. China).
The PCR production was electrophoresed on 1% agarose
gel and visualized by the Gel Imaging System of Bio-Rad
Corp.. Each band was analyzed by Quantity One 4.62
software (Bio-Rad).

Immunofluorescence Staining Assay

Cells were cultured on coverslips and permeabilized
with PBS for 5 min. Then cells were incubated with pri-
mary antibodies [rabbit anti-RNF8 (1:200; Novus Bio-
logicals), mouse anti-y-H2AX (1:250; Millipore), rabbit
anti-BRCA1 (1:200; Santa Cruz), and human centrom-
ere antibody HCT-0100 (1:100; Immunovision)] and
secondary antibodies conjugated with Alexa Fluor 647
(Invitrogen) for immunofluorescence staining. Slides
were measured using an Olympus BX-61 fluorescence
microscope.

Cell Proliferation Assay

Transfected cells were cultured in 96-well plates
(5x10° cells/ml) and treated with (2, 4, and 8 Gy) y-ray
irradiation for 1 h or (4 Gy) y-ray irradiation for 0.5, 1, and
1.5 h. Then 10 pl of MTT solution was added to the cells
for 4 h at 37°C, and the absorbance at 450 nm was tested
by an ELISA plate reader (BioTek, Winooski, VT, USA).

Clone Formation Assay

Transfected cells were maintained in 24-well plates
for 24 h and treated with (2, 4, and 8 Gy) y-ray irradiation
for 1 h. Then the clone formation assay was performed as
described in a previous report'".

Cell Apoptosis Assay

Transfected cells were maintained in serum-free
DMEM for 12 h and harvested with PBS. Cells were then
resuspended in binding buffer (5x10° cells) and incu-
bated with PI and annexin V-fluorescein isothiocyanate
(FITC) for 15 min. The FACSCalibur™ system (Becton
Dickinson) was used to analyze the apoptosis.

Cell Cycle Analysis

Cell cycle progression was monitored by DAPI stain-
ing and analyzed by flow cytometry. In brief, D283 Med
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cells were harvested, washed twice with Caz*—Mg“—free
PBS, and fixed in 95% ethanol. After being centrifuged
at 2,200 rpm for 10 min, 2 X 10° of the cells were resus-
pended in 0.1% Triton X-100 solution supplemented with
300 nM DAPI. The cells were incubated for 30 min at 4°C
and then were analyzed using fluorescence-activated cell
sorting (FACS). The DNA profiles were analyzed using
Multicycle AV software for cell cycle determination.

Statistical Analysis

Data are expressed as means tstandard deviation (SD)
for at least three replicates per group. Data were analyzed
by SPSS19.0 software (IBM, USA). Statistical differ-
ences between means were calculated using ANOVA,
followed by LSD multiple comparison tests. Differences
were considered significant at p<0.05.

RESULTS
RNF8 Is Upregulated in Medulloblastoma Cells

To determine the role of RNF8 in the DNA damage
repair induced by IR exposure, we first performed expres-
sion assays to detect the expression of RNF8 in medullo-
blastoma cells. As shown in Figure 1A and B, the mRNA
and protein levels of RNF8 were significantly upregu-
lated in medulloblastoma BIU87, 5637, and D283 Med
cells compared to the control urothelial cell SV-HUC-1.
Besides, RNF8 was also observed to be highly expressed
in the cell nucleus (Fig. 1B). Then we conducted the
immunofluorescence staining assay to evaluate the local-
ization in medulloblastoma cells treated by IR exposure.
D283 Med cells were used in the follow-up experiments.
After IR, RNFS8 was clearly detected in medulloblastoma
cells and colocalized with y-H2AX, a sensitive marker
of DSBs induced by y-ray radiation', as evaluated by
staining with anti-RNF8 and anti-y-H2AX antibodies
(Fig. 1C). Further, we found that the expression of RNF8
was significantly increased by y-ray irradiation in a dose-
dependent manner in medulloblastoma cells (Fig. 1D),
indicating the involvement of RNF8 in DNA damage
repair after radiotherapy.

RNFS8 Silencing Enhances Sensitivity of IR in Cells

We then employed the specific sShRNA of RNF8 to
determine its effect on the sensitivity of IR in medullo-
blastoma cells. As seen in Figure 2A, the expression
of RNF8 was obviously decreased by shRNA in D283
Med cells, suggesting the efficiency of RNF8 shRNA.
Then the MTT assay and colony formation assay were
performed to evaluate the change in sensitivity to IR in
medulloblastoma cells. Results showed that the prolifera-
tion capacity of medulloblastoma cells was significantly
decreased after RNF8 shRNA treatment, while there was
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Figure 1. Ring finger protein 8 (RNFS) is upregulated in medulloblastoma cells. (A) RT-PCR and (B) Western blot were performed
to detect the expression of RNF8 in cultured medulloblastoma BIU87, 5637, and D283 Med cells as well as in urothelial SV-HUC-1
cells. (C) D283 Med cells were treated with y-ray irradiation (4 Gy) for 1 h and immunofluorescence stained with anti-RNF8 and anti-
v-H2AX antibodies. The nucleus was counterstained with DAPI. Scale bar: 5 um. (D) The expression change in RNF8 was detected
in cultured medulloblastoma D283 Med cells within the increase in y-ray doses. *p<0.05, **p<0.05 versus SV-HUC-1; #p<0.05,

##p <0.05 versus 0 Gy.
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Figure 2. RNF8 silencing enhances sensitivity of ionizing radiation (IR) in cells. (A) D283 Med cells were cultured and treated with
RNFS8 short hairpin RNA (shRNA), negative shRNA, or not (Ctrl) for 48 h, and the expression of RNF8 was measured by RT-PCR.
MTT assay was performed to detect the proliferation of D283 Med cells treated with (B) (2, 4, and 8 Gy) y-ray irradiation for 1 h
or (C) (4 Gy) y-ray irradiation for 0.5, 1, and 1.5 h. (D) Colony formation assay was performed in cells with increasing y-ray doses.

*p<0.05 versus Ctrl; #p <0.05 versus 0 Gy or O h.
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no obvious alteration between untreated and negative
shRNA-treated cells after exposure to several doses of IR
or at different times (Fig. 2B and C). A similar change
was observed in the survival of medulloblastoma cells
as determined by the colony formation assay (Fig. 2D).
Taken together, these results suggest that RNF8 knock-
down enhances the sensitivity of medulloblastoma cells
to ionizing irradiation.

RNFS8 Silencing Enhances Apoptosis
and Cell Cycle Arrest

We further investigated the effect of RNF8 on apo-
ptosis and cell cycle arrest in medulloblastoma cells after
exposure to IR. Compared to the control, expression of
RNF8 was significantly suppressed by shRNA in D283
Med cells, as shown in Figure 2A. There was a low level
of apoptosis in cultured D283 Med cells, and the apo-
ptosis capacity of medulloblastoma cells was dramati-
cally increased by RNFS8 suppression after IR treatment
(Fig. 3A). The data from caspase 3, a key apoptosis fac-
tor, were similar to those for cell apoptosis. Inhibition of
endogenous RNF8 dramatically upregulated the levels of
caspase 3 in D283 Med cells (Fig. 3B). Additionally, the
enhanced cell cycle arrest was observed in D283 Med cells
treated by RNF8 shRNA after exposure to IR compared

A

Ctrl Ctrl-shR
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to the control cells (Fig. 3C). These data determine that
the elevated RNF8 levels may have a negative effect on
the sensitivity of IR in medulloblastoma cells by regulat-
ing cell cycle progression and inhibiting the apoptosis.

RNF8 Is Associated With DNA Repair Response

To determine the role of RNFS8 in the DNA repair
response after exposure to IR in medulloblastoma cells,
we further investigated the effect of RNF8 on the DDR as
well as DNA repair. BRCAL1 is a crucial protein involved
in the IR-induced DNA damage repair being recruited at
the site of DNA damage and facilitating the transduction
of the DDR’. y-H2AX activity has been reported as a sen-
sitive marker of DSBs induced by y-ray radiation'’. We
found that the protein levels of BRCA1 were not affected
by RNFS inhibition in medulloblastoma cells after expo-
sure to IR (Fig. 4A). On the contrary, RNF8 inhibition
significantly decreased the recruitment of BRCA1 and
increased the levels of -H2AX at DNA damage sites com-
pared to the control, as shown in Figure 4B. Furthermore,
we performed neutral comet assay to detect the change in
DNA damage repair in medulloblastoma cells. As seen in
Figure 4C, a significant increase in OTM, a DNA dam-
age parameter, was observed in medulloblastoma cells
treated by RNF8 shRNA after exposure to IR, indicating
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Figure 3. RNFS silencing enhances apoptosis and cell cycle arrest. D283 Med cells were cultured and treated with RNF8 shRNA,
negative shRNA, or not (Ctrl) for 48 h, and were exposed to 4 Gy 7y-ray irradiation for 1 h. (A) The apoptosis of D283 Med cells was
measured and quantified. (B) Western blots were performed to detect the expression of caspase 3 in D283 Med cells. (C) The cell cycle
of the D283 Med cells was detected by flow cytometric analysis. *p <0.05 versus Ctrl.
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Figure 4. RNFS is associated with the DNA repair response. D283 Med cells were cultured and treated with RNF8 shRNA, nega-
tive shRNA, or not (Ctrl) for 48 h and were exposed to 4 Gy y-ray irradiation for 1 h. (A) Western blots were performed to detect the
expression of BRCA1 in D283 Med cells. (B) Cells were immunofluorescently stained with anti-BRCA1 and anti-y-H2AX antibodies.
The nucleus was counterstained with DAPI. Scale bar: 5 um. (C) Neutral comet assay analysis was performed to detect the change of

DNA damage repair in medulloblastoma cells. *p<0.05 versus Ctrl.

the enhanced levels of DNA damage and generation of
DSBs. These results imply that RNF8 has a complicated
regulatory role in the DNA repair response by inhibiting
the DNA damage and promoting the DNA repair.

PCNA Is Monoubiquitinated by E3 Ligase RNFS8 in
IR-Induced Medulloblastoma Cells

PCNA plays a critical role in DNA synthesis and DSB
repair at the replication fork. It has been shown that PCNA
is a major target for Ub modification during DDR signal-
ing pathways''*. We then intended to evaluate whether
PCNA ubiquitination was involved in RNF8-mediated
DDR. After irradiation, the level of monoubiquitinated
PCNA (Lys164) was upregulated following incremental
time of post-IR exposure, especially at 6 h post-IR expo-
sure, but PCNA protein expression had no substantial
change compared with the control (Fig. 5SA and B). Next,
we transfected pcDNA3.1/USP7, an inhibitor of PCNA
ubiquitination (Lys164), into medulloblastoma cells to
suppress PCNA ubiquitination (Lys164). USP7 over-
expression is considered as an indirect and exogenous
PCNA-Ub inhibitor". As seen in Figure 5C, OTM was
dramatically elevated in those cells in which PCNA-Ub
was inhibited, indicating that PCNA ubiquitination may
be involved in blocking the DDR.

We further examined whether the E3 ligase RNF8
was responsible for the Ub modification of PCNA. We

found that the expression of RNF8 was elevated following
Y-ray irradiation in a dose-dependent manner in medullo-
blastoma cells (Fig. 1D). Knockdown of RNFS signifi-
cantly repressed the level of PCNA ubiquitination with no
statistical influence on the expression of PCNA protein
(Fig. 5D and E). Based on these results, we concluded that
PCNA is monoubiquitinated by E3 ligase RNF8 after DNA
damage induced by IR exposure, which might contribute
to the low radiosensitivity of medulloblastoma cells.

DISCUSSION

In this study, we identified E3 ligase RNFS8 as a
crucial participator and regulator of the DDR during IR
exposure in human medulloblastoma cells. Our find-
ings suggested that RNFS facilitates the recruitment of
DNA damage repair-associated proteins at the site of
DNA damage by regulating the ubiquitination of PCNA,
and RNF8 silencing could enhance the IR sensitivity of
medulloblastoma cells.

Radiotherapy is a common strategy for medulloblas-
toma treatment, but the therapeutic effect is limited.
IR-induced DNA damage can be repaired by cells via
the homologous recombination (HR) and nonhomolo-
gous end-joining (NHEJ) pathways, resulting in the
reduction of cell damage and IR sensitivity'”. DNA dam-
age can cause base mutation or mismatch, intrastrand
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Figure 5. Proliferating cell nuclear antigen (PCNA) is monoubiquitinated by E3 ligase RNFS in IR-treated medulloblastoma cells.
(A) Expression and (B) quantification of PCNA and PCNA-ubiquitin (Ub) were evaluated in D283 Med cells post-IR exposure.
(C) The pcDNA3.1/USP7 as well as a control plasmid (Ctrl-plas) were transfected into D283 Med cells for 48 h or not (Ctrl) and
were exposed to 4 Gy y-ray irradiation for 1 h. Then neutral comet assay analysis was performed. D283 Med cells were cultured
and treated with RNF8 shRNA, negative shRNA, or not (Ctrl) for 48 h and were exposed to 4 Gy 7y-ray irradiation for 1 h. Then the
(D) expression and (E) quantification of PCNA and PCNA-Ub were detected in cells. ¥p<0.05, **p<0.01 versus 0 h; #p<0.05,

##p <0.01 versus Ctrl.

or interstand cross-linking, DNA single-strand break or
DSB, and multiple other forms of DNA damage'®. DNA
damage is sensed by the DDR, which can transmit sig-
naling to a series of highly ordered responses to protect
cells from injuries'’. The y-ray radiation induces mainly
DSBs in genomic DNA. It has been reported that DSBs
arise through the direct action of IR, and y-ray radiation
can induce DNA damage, chromosomal aberrations, and
mutations in human blood cells, the pale grass blue but-
terfly, and fish larvae'®’. The DDR induced by IR is reg-
ulated by various key factors. RNFS8 is an E3 Ub ligase
and plays a role in the process of DNA damage repair by
promoting the recruitment of regulatory proteins at the
sites of DNA damage. The aberrant expression of RNF8
is found in a variety of diseases, including cancers®*'.
Consistently, our data showed that RNFS is upregulated in
medulloblastoma cells and can be significantly increased
by y-ray irradiation in a dose-dependent manner.

As the pivotal function of RNF8 in DDR, we hypoth-
esized that the high level of RNF8 may be associated
with the limited sensitivity of medulloblastomas to radio-
therapy®. By specific ShRNA technique, we found that
RNF8 silencing actually could inhibit the survival and
affect the apoptosis and cell cycle arrest of medulloblas-
toma cells after IR exposure, contributing to the enhance-
ment of sensitivity to IR in medulloblastoma cells. The
role of RNF8 might be correlated with the process of
DNA damage repair. Once DSBs occur, sensor proteins
such as -H2AX immediately recognize DSB formation

and move close to the DSB site (H2AX-containing
nucleosomes)™. Moreover, phosphorylated H2AX recruits
mediator of DNA damage checkpoint 1 (MDCI1) and
initiates a series of biological responses to modify the
chromatin flanking™. We found that RNFS inhibition sig-
nificantly increased the recruitment of y-H2AX at DNA
damage sites in medulloblastoma cells after exposure to
IR. The recruitment of BRCAI, another protein that is
involved in IR-induced DNA repair*, was observed to be
decreased by RNFS silencing.

Regarding differences in the DNA repair pathway,
regulation of PCNA ubiquitination also plays a crucial
role in the DDR induced by IR. PCNA, an indispensable
component of the eukaryotic DNA replication machin-
ery, controls several metabolic pathways, including DNA
repair, DNA synthesis, chromatin remodeling, apopto-
sis, and cell cycle regulation through its interaction with
various partners”. Posttranslational monoubiquitination
of PCNA is an important event in the regulation of
DNA damage®. The previous study reported that RNFS
depletion suppressed both UV- and MNNG-stimulated
monoubiquitination of PCNA, indicating that the RNF8-
dependent pathway for PCNA ubiquitination may play
a role in DDR?. Similarly, we found that the expres-
sion of RNF8 was upregulated after IR exposure, and
RNFS8 knockdown inhibited IR-stimulated PCNA ubiqg-
uitination. Once ubiquitinated, PCNA is recognized by
RNF168 that initiates Ku80 ubiquitination. The Ku70/
Ku80 heterodimer is the central component of the NHEJ
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pathway of DSB repair®. Ku forms a ring through the
DSB threads, which are then topologically attached to
DNA during repair®*. Additionally, several studies have
reported that PCNA modulates the cell cycle and DNA
replication in response to DNA damage’'. In the present
study, we found that PCNA is monoubiquitinated by E3
ligase RNFS in IR-induced medulloblastoma cells, which
might contribute to the low radiosensitivity in medullo-
blastoma cells.

In summary, we demonstrated that E3 ligase RNFS is
upregulated in medulloblastoma cells and can be signifi-
cantly increased by y-ray irradiation in a dose-dependent
manner. RNFS silencing actually can inhibit the survival
and affect the apoptosis as well as cell cycle arrest of
medulloblastoma cells after IR exposure, contributing to
the enhancement of the sensitivity of medulloblastoma
cells to IR. Furthermore, we found that PCNA ubig-
uitinated by E3 ligase RNF8 is involved in the RNFS8-
mediated sensitivity of medulloblastoma cells to IR. These
findings may provide a novel target for the improvement
of radiotherapy in medulloblastoma.
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