
Abstract. Ku80 is an important component of DNA double-
strand break repair, and Ku80 deficiency leads to extreme
sensitivity to ionizing radiation. We studied whether radiation
therapy combined with Ku80 silencing by small interfering
RNA enhances radiation sensitivity in vitro and in vivo.
Seven human cancer cell lines were transfected with Ku80
siRNA included in hemagglutinating virus of Japan envelope
vector. H1299 cells were implanted into male BALB/C nu/nu
nude mice treated with Ku80 siRNA and irradiation. The
survival rate of cell lines transfected with Ku80 siRNA
decreased by 10% to 26% with 2-Gy irradiation compared
with untransfected cell lines. The gamma-H2AX phos-
phorylation-positive rates of Ku80 siRNA combined treatment
0.5 h after irradiation in A549 cells and 6 h in H1299 cells
were significantly higher (77.6%, p=0.033 and 76.7%, p=0.026,
respectively), compared with the groups not treated with
siRNA. H1299 xenograft tumors treated with combined
therapy decreased in volume and re-grew slowly compared
with radiation alone. Our results indicate that combined
therapy consisting of Ku80 siRNA and irradiation contributes
to inhibition of tumor growth and may be a novel strategy for
cancer treatment.

Introduction

Radiation therapy is a standard treatment for patients with many
kinds of cancers. Therapeutic strategies and protocols have
been developed and the effectiveness of radiation therapy has
greatly improved. However, it is difficult to predict the
efficacy and side effects before therapy. Even in patients
with the same stage of carcinoma, different responses and
resistance to radiation therapy frequently affect the therapy.
Radiation therapy with enhanced efficacy using a molecular
technique is not yet established. A novel strategy based on a
biologic mechanism should optimize the treatment of patients
with carcinoma.

DNA double-strand breaks (DSBs) are potentially lethal
DNA lesions induced by ionizing radiation (1,2). DSBs can
be repaired by homologous recombination or non-homologous
end-joining (NHEJ) (1,2). In mammals, NHEJ is especially
important for repairing radiation-induced DSBs. Several
factors, including Ku70, Ku80, DNA-dependent protease
kinase catalytic subunits (DNA-PKcs), artemis, X-ray-
complementation group 4, and DNA ligase IV, participate in
this pathway (3-5). Ku works in a comparatively early stage.
The Ku70/80 complex binds to the DSB ends, recruits DNA-
PKcs, and initiates repair (3,6). Ku deficiency leads to
extreme sensitivity to radiation (7,8).

Small interfering RNA (siRNA), has been used widely to
silence gene expression, and has been evaluated as an
attractive tool for use in therapeutics of many cancers (9-14).
Some studies have reported that silencing the various repair
genes, ATM, ATR, and DNA-PKcs (15,16), Rad51 (17), NBS1
(18,19), and Mre11 (20), increased radiation sensitivity.
However, the efficacy of Ku80 silencing for radiation
sensitivity has not yet been evaluated.

siRNA technology is a powerful method of gene down-
regulation; however, in vivo, it has been difficult to achieve
high efficacy using the siRNA delivery system. The hemag-
glutinating virus of Japan (HVJ; Sendai virus) envelope vector
is a new reagent for the transfection of DNA, protein, and
oligonucleotides (21-26). The HVJ envelope (HVJ-E) vector
was constructed with inactivated particles and therefore has
no viral activity. Using the HVJ-E system, the efficiency of
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gene transfer into various cell lines is greatly enhanced, even
when injected into organs directly in in vivo experiments
(21-23).

We hypothesized that radiation therapy combined with
Ku80 silencing might enhance radiation sensitivity, because
of the reduced reparative ability of DSBs. In the current
study, the expression of Ku80 was alternately inhibited using
siRNA included in HVJ-E, and we studied in vitro and in
vivo whether radiation sensitivity could be enhanced
regardless of the type and radiation survival rate of the
cancer cell lines. 

Materials and methods

Cell lines and treatment. A549 and H1299 cells, which are lung
carcinomas, were obtained from the American Type Culture
Collection (Rockville, MD). A549 cells express normal p53,
and H1299 cells are null for the p53 gene. TE13 (esophageal
carcinoma), PANC-1 (pancreas carcinoma), MIAPaCa-2
(pancreas carcinoma), DU-145 (prostate carcinoma), and
ME-180 (cervical carcinoma) cells were obtained from the
Cell Resource Center for Biomedical Research Institute of
Development, Aging and Cancer Tohoku University (Miyagi,
Japan). All cells were maintained as a monolayer in
Dulbecco's modified Eagle's medium (Sigma, St. Louis,
MO), supplemented with 10% fetal bovine serum, and grown
at 37˚C in a humidified atmosphere of 5% carbon dioxide.
Exponentially grown cells were used for all experiments.

Clonogenic assay. To evaluate radiation sensitivity, surviving
fractions were measured using a standard colony-formation
assay (27). Briefly, the cells were counted and the appropriate
number seeded into 60-mm dishes in triplicate for each dose.
Six hours later, when all cells had attached but not yet
divided, the cells were irradiated with doses ranging from
0 to 6-Gy using an MBR-1520R-3 (Hitachi, Tokyo, Japan)
generator operated under 150 kVp and 20 mA with a 1-mm
aluminum filter. The dose rate was about 2-Gy/minute.
Colonies obtained after 10 to 14 days were stained with crystal
violet and contained >50 cells.

siRNA transfection. The siRNA used for Ku80 gene silencing
was designed by Qiagen (Valencia, CA). The target sequence
was AAG CGA GTA ACC AGC TCA TAA, and the siRNA
sense sequence was r(GCG AGU AAC CAG CUC AUA
A)dTdT.

Transfection of Ku80 siRNA was conducted with HVJ-E
according to the manufacturer's recommendations (Ishihara
Sangyo Kaisha, Ltd., Osaka, Japan). Briefly, cells were
seeded into 6-well plates for 24 h before siRNA transfection.
One microgram of siRNA was prepared to make complexes
with HVJ-E according to the manufacturer's instructions
(Ishihara Sangyo Kaisha, Ltd.). Several cell lines were trans-
fected with Ku80 siRNA included in HVJ-E in medium
supplemented with 10% fetal bovine serum. Forty hours after
transfection, the cells were trypsinized and some were irradiated
for clonogenic assay. The rest of the cells were lysed to extract
protein for Western blotting.

Western blot analysis. Cells were lysed in lysis buffer [50 mM
Tris-HCl (pH 8.0), 450 mM NaCl, 1% Triton X-100, 1 mM

EDTA (pH 8.0), and 0.6 mM PMSF] containing a protein
inhibitor cocktail (4-benzenesulfonyl, fluoride, pepstatin A,
E-64, bestatin, leupeptin, and aprotinin) (Sigma). Protein
concentrations of lysates were determined using a protein
assay kit (Bio-Rad, Hercules, CA). Forty micrograms of
protein was loaded and electrophoresed on 10% sodium
dodecyl sulfate polyacrylamide gels. After blotting the nitro-
cellulose membranes, the protein was probed with primary
mouse monoclonal Ku70, Ku80 (Santa Cruz Biotechnology,
Inc., Santa Cruz, CA), and ß-actin (Sigma) antibodies then
with secondary horseradish peroxidase-conjugated goat
anti-mouse IgG antibody (Santa Cruz Biotechnology, Inc.).
The immunoreactive bands were visualized using enhanced
chemiluminescence on X-ray film (ECL Western Blotting
Detection Reagent, GE Healthcare Bio-Sciences Corp.,
Piscataway, NJ).

Immunofluorescent staining for gamma-H2AX. Cells were
seeded onto chamber slides (Nalge Nunc International,
Naperville, IL) and transfected with the HVJ-E vector con-
taining Ku80 siRNA for 40 h according to the manufacturer's
instructions (Ishihara Sangyo Kaisha, Ltd.). After transfection,
the cells were irradiated with 2-Gy or treated immediately
without irradiation. Irradiated cells were treated using the
following procedure after 30 min or 6 h. The cells were fixed
with 1% paraformaldehyde solution in phosphate-buffered
saline (PBS) for 30 min at room temperature, soaked in -20˚C
99% methanol for 5 min, and incubated in 3% bovine serum
albumin with 0.2% Tween-20 in PBS for 1 h at 37˚C. The
cells were probed in primary mouse monoclonal anti-phospho-
H2A.X (ser139) antibody (Upstate Biotechnology, Lake
Placid, NY) at a dilution of 1:300 for 1.5 h at 37˚C and then
in secondary Cy2-goat anti-rabbit IgG antibody at a dilution
of 1:400 for 1 h at room temperature.

Fluorescence images were captured by Axioskop2 plus
confocal microscopy equipped with a CCD camera and
quantitated using AxioVisio Release 4.3 software (Carl Zeiss,
Oberkochen, Germany). Significant colocalization of nuclear
foci was determined by visualization of green spots on a
DAPI background.

Gamma-H2AX foci were determined in five fields and at
least 50 cells of each experiment. The cells were classified
as positive when more than 10 foci were counted in the
nucleus.

In vivo xenograft model. In vivo studies were carried out in
accordance with the Guidelines for Animal Experimentation
of Chiba University. Four-week-old male BALB/C nu/nu nude
mice were obtained from Charles River Japan Inc. (Yokohama,
Japan). To generate tumor xenografts, 5.0x106 viable H1299
cells were subcutaneously injected into the right hind legs.
Tumors were measured in two dimensions with calipers and
the volume was estimated using the following calculation:
(major axis) x (minor axis) x (minor axis) x 1/2. 

We generated two protocols, one for one fraction and the
other for five fractions. For one fraction, when the tumors
reached 150-200 mm3 (day 0), the mice were randomly
divided into three groups: control (no radiation; n=11),
radiation alone (4-Gy in one fraction on day 1; n=6), and
Ku80 siRNA treatment with radiation (siRNA injection on
day 0 and 4-Gy in one fraction on day 1; n=6). For five

NIMURA et al:  Ku80 siRNA ENHANCED RADIATION SENSITIVITY1478

1477-1484  4/5/07  13:42  Page 1478



fractions, when the tumors reached 750-1000 mm3 (day 0), the
mice were randomly divided into three groups: control (no
radiation; n=10), radiation alone (4-Gy in one fraction on days
1, 2, 3, 4, and 5; n=7), and Ku80 siRNA treatment with
radiation (siRNA injection on days 2 and 4, and 4-Gy in one
fraction on days 1, 2, 3, 4, and 5; n=8).

Gene delivery. H1299 xenograft tumors in the hind legs of
nude mice were treated with Ku80 siRNA included in HVJ-E.
The HVJ-E complex included Ku80 siRNA prepared as
previously described. Ku80 siRNA was injected directly into
the tumors. Each injection was diluted in a total volume of
50 μl of 0.9% sodium chloride solution and administered in
one pass using a 27-gauge needle. 

Statistical analysis. Statistical analysis was performed using
SigmaStat 3.1 (Point Richmond, CA). For a single
comparison, the level of statistical significance was
confirmed using Student's t test. p<0.05 were considered
statistically significant.

Results

Down-regulation of Ku80 protein expression by siRNA in
A549 and H1299 cells. To determine whether Ku80 silencing
contributes to radiation sensitivity, two siRNAs were designed
and screened for the ability to down-regulate target protein
expression. To determine the best protocol for silencing
Ku80 protein expression, the cells were transfected with
siRNA/HVJ-E complexes at various times, and protein extracts
were obtained from 6 to 96 h after transfection. Western blot
analyses showed that siRNA/HVJ-E complexes minimized
Ku80 expression 40 h after transfection compared with
untransfected cells (data not shown). We used 40 h of treatment
with siRNA for the experiments.

Western blot analysis of Ku80 protein expression in A549
and H1299 cells was performed 40 h after transfection
with Ku80 siRNA (Fig. 1A). Ku80 protein expression was
suppressed, indicating successful gene silencing by siRNA.
In cells transfected with Ku80 siRNA, Ku80 protein decreased
compared with the transfected HVJ-E or the untransfected
cells. Interestingly, although the cells were transfected with
Ku80 siRNA, Ku70 protein expression also was suppressed
and correlated with Ku80 expression level in both cell
lines. The A549 cells are wild-type cells of the p53 gene
and the H1299 cells are the null type. The efficiency of the
suppression did not depend on the p53 gene status.

Cellular sensitivity after treatment with Ku80 siRNA. The
A549 and H1299 cells exhibited a typical clonogenic survival
curve with a shoulder signifying cellular repair capacity.
Doses of 2, 4, and 6-Gy of irradiation alone killed about 31,
60, and 84% of the A549 cells, and 21, 53, and 76% of the
H1299 cells, respectively (Fig. 1B). Furthermore, the survival
rates of cells transfected with HVJ-E alone were close to the
rate for the original cells. However, Ku80 siRNA enhanced
cell killing in 57, 86, and 96% of the A549 cells and 35, 71,
and 90% of the H1299 cells, respectively. siRNA inhibition
of Ku80 protein confirmed enhanced radiation sensitivity in
siRNA-transfected cells compared with the transfected

HVJ-E or the untransfected cells. We focused on the results
of 2-Gy irradiation, which is the usual dose for a single
fraction in the clinic. The increased radiation sensitivity at
2-Gy irradiation corresponded to 26 and 14% for Ku80
silencing in the A549 and H1299 cells, respectively.

Radiation sensitivity enhancement by Ku80 siRNA in several
human cancer cell lines. After controlling and suppressing
Ku80 in tumor cells alternately using siRNA, it was important
to verify if radiation sensitivity can be enhanced regardless of
the modality and radiation survival rate of a tumor. Another
five cancer cell lines, TE13, PCNA-1, MIAPaCa-2, DU-145,
and ME-180, were selected for the Ku80 siRNA experiments,
because radiation therapy is usually effective for these cancers.
Western blot analyses of Ku80 protein expression in all cell
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Figure 1. Down-regulation of Ku80 protein and radiation sensitivity in A549
and H1299 cells. Western blotting: after treatment with HVJ-E including
Ku80 siRNA for 40 h, the protein expression of Ku80 is suppressed
compared with the cell lines without siRNA or those treated with only HVJ-E.
Actin serves as a loading control. Lane 1, Ku80si/A549; lane 2, HVJ-E/A549;
lane 3, A549; lane 4, Ku80si/H1299; lane 5, HVJ-E/H1299; and lane 6,
H1299 (A). Clonogenic assay: in the cell line treated with Ku80 siRNA, the
surviving fraction of the A549 cells treated with 2-Gy irradiation is reduced
by 26%, and the surviving fraction of the H1299 cells is reduced by 14%
compared with the untreated cell line. Radiation sensitivity is enhanced by
treatment with Ku80 siRNA. All experiments were performed in triplicate.
Data are presented as the mean ± SE (B). 
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lines were performed as described previously. After transfection
of Ku80 siRNA, Ku80 protein expression was suppressed
compared with the untransfected cells (Fig. 2A). 

In the cell lines treated with siRNA, surviving fractions of
TE13 treated with 2-Gy irradiation decreased by 10% that
of PANC-1 by 11%, that of MIAPaCa-2 by 25%, that of DU-
145 by 15%, and that of ME-180 by 16% compared with
untreated cell lines (Fig. 2B). We observed enhanced
radiation sensitivity regardless of the cancer type.

Reduced reparative ability of DSBs resulting from combined
radiation and siRNA treatment. Ku80 siRNA apparently
enhanced radiation sensitivity in several human cancer cell
lines. According to the biologic mechanism, we hypothesized
that radiation therapy combined with Ku80 silencing would
reduce the DSBs reparative ability. Thus, immunofluorescence
detection of gamma-H2AX nuclear foci was performed to
detect DSBs.

Gamma-H2AX foci were detected after 2-Gy irradiation
in the A549 and H1299 cells. Gamma-H2AX foci stained

green; all cells counterstained blue with DAPI for nuclear
DNA (data not shown). When >10 gamma-H2AX foci
were seen in the cell, it was determined as positive. In both
cell lines, positive rates of gamma-H2AX foci immediately
increased and decreased over time. The two positive rates
with siRNA, at 0.5 h after irradiation in A549 cells and at 6 h
in H1299 cells, were significantly higher by 77.6% (95% CI,
70-85; p=0.033) and 76.7% (95% CI, 68-86; p=0.026)
compared with no siRNA treatment, 64.1 and 57.5%,
respectively (Fig. 3). This suggested that the ability of the
DSB repair decreased after radiation and siRNA treatment
compared with radiation alone.

Suppression of tumor growth by Ku80 siRNA in H1299
xenograft models. To examine further effects of Ku80 siRNA,
we conducted in vivo experiments with H1299 xenograft
tumors. We used the in vivo radiation dose of 4-Gy to
simplify ascertaining the effect after treatment. 

Before testing the two protocols, we first investigated the
post-irradiation effects to estimate the efficiency of Ku80
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Figure 2. Enhanced radiation sensitivity by Ku80 siRNA in several human
cancer cell lines. Western blotting: Ku80 expression of all cell lines treated
with siRNA is suppressed compared with the cell line without transfection.
Actin serves as a loading control. Lane 1, Ku80si/TE13; lane 2, TE13; lane 3,
Ku80si/PANC-1; lane 4, PANC-1; lane 5, Ku80si/MIAPaCa-2; lane 6,
MIAPaCa-2; lane 7, Ku80si/DU-145; lane 8, DU-145; lane 9, Ku80si/ME-180;
and lane 10, ME-180 (A). Clonogenic assay: in the cell lines treated with
siRNA, the fraction of the TE13 cells surviving 2-Gy irradiation is decreased
by 10%, that of PANC-1 by 11%, that of MIAPaCa-2 by 25%, that of DU-145
by 15%, and that of ME-180 by 16% compared with the untreated cell line.
All experiments were performed in triplicate. Data are presented as the
mean ± SE (B).
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siRNA. When tumor volume reached 150-200 mm3, the mice
were randomly divided into four groups: control (n=5),
radiation alone (n=4), HVJ-E vector treatment with radiation
(n=5), and Ku80 siRNA treatment with radiation (n=6). After
4-Gy radiation, most tumors decreased in volume within 6 days
and then began to increase again (Fig. 4A). Fig. 4B shows
the percentage of the minimum volumes of each group
compared with day 1 (100%). The rate of the reduction in
volume of the tumors treated with Ku80 siRNA and radiation
was the highest compared with the other groups. The scores
of the remaining tumor were 72.95% for radiation alone,
72.70% for HVJ-E with radiation, and 56.02% for Ku80
siRNA with radiation. Even if one treatment was performed,
an anti-tumor effect was expected from combination therapy
with Ku80 siRNA and irradiation. 

Delay in tumor growth by Ku80 siRNA for long-term obser-
vation. After confirming the suppression of tumor growth
by Ku80 siRNA in vivo, the next goal was to follow for a
long period the tumors treated with one fraction. When tumor
volume reached 150-200 mm3, the mice were randomly
divided into three groups: control (n=11), radiation alone
(n=6), and Ku80 siRNA treatment with radiation (n=6). The
volume of the tumors in the two groups treated with radiation
alone and combination therapy with Ku80 siRNA decreased

until day 6 and re-grew in almost parallel fashion (Fig. 5A).
By day 32, the increased volume of tumors treated with
radiation alone was 404.4±60.2 mm3 and that of combination
therapy with Ku80 siRNA was 308.5±38.2 mm3, indicating
that tumor treated with combination therapy decreased to
76% of the volume of those treated with radiation alone.

The next trial consisted of 5 days of irradiation. To irradiate
with five fractions, we waited until the tumor volume reached
750-1000 mm3, at which point the mice were randomly divided
into three groups: control (n=10), radiation alone (n=7), and
Ku80 siRNA treatment with radiation (n=8). Irradiation was
administered from days 1-5, and Ku80 siRNA was injected
into the tumors on days 2 and 4. Until day 15, there was no
difference in tumor growth in the two groups, which were
treated with radiation alone and combined Ku80 siRNA.
After day 15, combination therapy with Ku80 siRNA and
radiation resulted in delayed tumor growth (Fig. 5B). By
day 32, the increased tumor volume after treatment with five
fractions alone was 1476.4±412.5 mm3 and that of five fractions
with two Ku80 siRNA treatments was 830.9±93.8 mm3,
indicating that Ku80 siRNA led to a 56% reduction in volume
compared with radiation alone. For example, the proliferation
time for the H1299 cell tumor to increase to ~900 mm3 was
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Figure 3. Positive rate of gamma-H2AX foci of A549 and H1299 cells stained
0.5 and 6 h after 2-Gy irradiation. In the A549 cells, the positive rate with
siRNA treatment 0.5 h after irradiation is significantly higher than that with no
siRNA treatment (p=0.033) (A). In the H1299 cells, the positive rate with
siRNA treatment 6 h after irradiation is significantly higher than that with no
siRNA treatment (p=0.026). Data are presented as the mean ± SE. H, hours (B).
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Figure 4. Enhanced tumor growth suppression by Ku80 siRNA combined
with radiation therapy. Tumor growth curves for H1299 xenograft tumors
treated with irradiation alone, HVJ-E vector, or Ku80 siRNA with irradiation.
Quantification of H1299 xenograft increases (>0) or decreases (<0) tumor
volumes compared with day 1 (A). The minimum volume of each tumor after
irradiation was determined and calculated as a percentage in the various
treatment groups compared with day 1 (100%) when the tumor was irradiated.
Tumor volumes were measured two or three times weekly. Data are presented
as the mean ± SE (B).
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about 22 days for the group treated with radiation alone.
However, for the group treated with Ku80 siRNA and radiation,
it took >32 days, which indicated a 10-day delay in tumor
growth observed after using Ku80 siRNA.

Discussion

Ku80 plays an important role in repairing DNA DSBs, which
are common in the DNA damage produced by irradiation (6).
Ku was identified as an autoimmune antigen from the sera
of a Japanese patient with scleroderma polymyosis overlap
syndrome (28). An X-ray-sensitive mutant 5, xrs-5, was
isolated from Chinese hamster ovary cell line (CHO K1)
which was wild-type of Ku80 and extremely sensitive to
irradiation (29). However, after transfection of Ku80 into
xrs-5, the cells regained radiation resistance to the same level
as CHO K1 (30). Therefore, we focused on Ku80 and
hypothesized that silencing Ku80 might enhance radiation
sensitivity and be advantageous in treating cancer with
irradiation. 

In this study, Ku80 protein was suppressed successfully
by Ku80 siRNA in vitro. Although we chose Ku80 sequences,
Ku70 protein expression also was suppressed after transfection
with Ku80 siRNA. Loss of one Ku protein was reported to
result in a significant decrease in the other Ku protein, because
heterodimerization was required to stabilize each Ku protein
(29). Furthermore, heterodimerization between Ku70 and
Ku80 is essential for DSBs repair and also important in
activation of DNA-PKs, which is a main function of Ku80
protein (3). Based on these facts, down-regulation of Ku80
protein by siRNA might have blocked heterodimerization
with Ku70, thus inhibiting DNA repair after radiation. 

We conducted an additional experiment to prove the
inhibition of DNA DSBs repair after using Ku80 siRNA.
Immunofluorescence detection of gamma-H2AX nuclear foci
is used to detect DNA DSBs. The histone H2AX protein is a
variant member of the H2A family of histones that is rapidly
phosphorylated at the ser139 residue in response to radiation-
induced DNA DSBs, resulting in the formation of nuclear
foci (31-33). The prolonged and multiple expressions of
H2AX foci after irradiation suggests decreased repair of
DNA DSBs (32). Thus, immunofluorescence detection of
gamma-H2AX nuclear foci was performed to visualize
radiation-induced DSBs after treatment with Ku80 siRNA
and to investigate why the radiation sensitivity increased. As
expected, combination therapy resulted in enhanced radiation
sensitivity. This effect correlated with gamma-H2AX staining,
suggesting that the enhanced radiation sensitivity resulted
from suppression of the Ku80 protein, which inhibited the
ability of the DNA DSBs to repair themselves.

siRNA is expected to be the new therapeutic agent for
cancer treatment (9-14). Although various procedures, for
example, intravenous and direct injection, are being considered,
the important issue is how the anti-tumor effect is acquired
efficiently. In the current study, we selected the HVJ-E vector,
which has been reported to be a new tool for the transfection
reagents and was evaluated as useful and safe in vitro and
in vivo (21-23). We also focused on injecting siRNA included
in the HVJ-E vector directly into the tumor in vivo. The HVJ-E
vector has been extremely safe to handle and efficient for
gene transfer, and it might be a powerful candidate for future
clinical use.

When cells were transfected with Ku80 siRNA by HVJ-E,
Ku80 protein suppression was observed between 18 and 96 h
after transfection (data not shown). Thus, we selected 40 h
in vitro and 20 h in vivo after transfection for initiating
treatment with radiation therapy to optimize the efficacy.
When we used five fractions in vivo, we injected siRNA on
days 2 and 4, which was 20 h before the radiation on days 3
and day 5. Ito et al reported that Rad51 siRNA suppressed
protein expression in HeLa cells between 1 and 4 days after
transfection and enhanced sensitivity to cisplatin during that
period (17). Although each siRNA and cells have their own
ability and characteristics, siRNA usually prevents protein
expression for a few days; thus, the best timing must be
considered for the combination therapy based on efficacy.

In the current study, the cells were treated with one
transfection of Ku80 siRNA and one session of irradiation
in vitro. Even if one treatment was administered, combination
therapy with Ku80 siRNA and irradiation obviously enhanced
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Figure 5. Growth delay curves of H1299 xenograft tumors treated with Ku80
siRNA and long-term irradiation. H1299 xenograft tumors were treated with
one Ku80 siRNA treatment on day 0 and one fraction on day 1 (A). Tumors
were treated with two Ku80 siRNA treatments on days 2 and 4 and five
fractions from days 1 to 5. Data are presented as the mean ± SE (B).
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radiation sensitivity in several types of cancer cell lines. In vivo,
H1299 xenograft tumors were treated twice with siRNA and
five fractions, and the tumor volume decreased compared
with radiation alone. However, most patients receive more
than 20 fractions in normal clinical practice. So, in the future,
we have to establish a regimen close to the clinical protocol,
i.e., several treatments with Ku80 siRNA and irradiation.

Since not only malignant tumor cells but also normal tissues
are exposed, there are many restrictions in the irradiation
procedures, e.g., radiation times and tumor location. If the
Ku80 expression in the tumor is inhibited by siRNA and the
treatment that enhances radiation sensitivity can be performed
for the patients, we may expect improvement in the efficiency
of radiation therapy. Furthermore, the indication also may be
extended to tumors that have not been targets of radiation
therapy.

We showed that Ku80 siRNA included in the HVJ-E
vector enhanced the radiation sensitivity of several human
cancer cell lines regardless of the cancer type and radiation
survival rate in vitro. Furthermore, radiation therapy combined
with Ku80 siRNA resulted in inhibited tumor growth in vivo.
Our results indicated that the combination of Ku80 siRNA
and irradiation may be a useful novel strategy for cancer
treatment considering the biological characteristics. 
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