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Abstract

Aging is associated with accumulation of genomic rearrangements consistent with aberrant repair of
DNA breaks. We have shown previously that DNA repair by nonhomologous end joining (NHEJ)
becomes less efficient and more error-prone in senescent cells. Here we show that the levels of Ku70
and Ku80 drop approximately two fold in replicatively senescent cells. Intracellular distribution of
Ku also changes. In the young cells roughly half of Ku is located in the nucleus and half in the
cytoplasm. In senescent cells the nuclear levels of Ku do not change, while the cytoplasmic Ku
fraction disappears. Upon treatment with gamma-irradiation, in the young cells cytoplasmic Ku
moved into the nuclear and membrane fractions, while no change in the Ku distribution occurred in
senescent cells. Upon treatment with UVC Ku moved out of the nucleus in the young cells, while
most Ku remained nuclear in senescent cells. This suggests that the nuclear Ku in senescent cells is
unable to respond to DNA damage. We hypothesize that overall decline in Ku levels, changes in Ku
intracellular distribution, and the loss of appropriate response of Ku to DNA damage in senescent
cells contribute to the decline of NHEJ and to age-related genomic instability.
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1. Introduction

The frequency of genomic rearrangements increases with age (reviewed in [1]). The best
example of age-related genomic instability is exponential increase in cancer incidence with
age [2], as genomic rearrangements are a hallmark of most tumors [3]. Increased frequency of
chromosomal aberrations in non-malignant tissues has also been detected in humans and in
mice [4-8]. Studies of transgenic mice carrying lacZ reporter gene show that genomic
rearrangements such as deletions, inversions and translocations are a characteristic component
of mutation spectra in aged animals [9,10]. Sequence analysis of these rearrangements
suggested that they arose as a result of aberrant repair of DNA double strand breaks (DSBs)
via NHEJ pathway [9].

Human somatic cells have limited replicative lifespan in culture, and after approximately 60
population doublings (PDs) enter irreversible cell cycle arrest called replicative senescence
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[11,12]. Senescent cells accumulate in aging tissues and may contribute to the functional
decline of organ systems [13-17]. The number of replicatively senescent cells that accumulate
in aging tissues and whether this number is sufficient to contribute to organismal aging has
been controversial. This skepticism arose due to the low frequency of replicatively senescent
cells detected in aged tissues using senescence associated B-galactosidase biomarker [18].
Contribution of replicative senescence to organismal aging has recently been reinvestigated
using newly discovered biomarkers of senescence — DNA-damage induced foci on telomeres
[17]. This analysis revealed that senescent cells account for more than 15% of the cell
population in aged animals [17]. The presence of senescent cells at such high frequencies
confirms that cellular senescence may contribute significantly to organismal aging.

We have used a replicative senescence model to study whether changes in the efficiency and
fidelity of NHEJ process could account for age-related genomic instability. We found that
NHEJ became less efficient and more error-prone in senescent human fibroblasts [19]. The
efficiency of rejoining of linear DNA substrate was reduced up to 4.5 fold in senescent cells
relative to young cells [19]. Furthermore, sequence analysis of end junctions showed that end
joining in senescent cells was associated with extended deletions [19].

The goal of the present study was to identify the molecular factors that contribute to the decline
of NHEJ during cellular senescence. To this end, we have analyzed the status of Ku protein in
young and senescent cells. Ku is an essential component of NHEJ machinery (reviewed in
[20-22]). Ku is a heterodimer composed of 70 and 86 kDa subunits (Ku70 and Ku80
respectively). The X-ray crystal structure of Ku shows that the two subunits form a ring that
encircles duplex DNA [23]. When DSB occurs, Ku binds to DNA ends and recruits DNA-
dependent protein kinase catalytic subunit, which is thought to phosphorylate and activate
downstream targets such as Artemis [21,24-26]. The members of DNA-PK complex are unique
among other DNA repair proteins in that they not only localize in the nucleus but also in the
membrane and cytoplasm [27,28]. Cytoplasmic Ku70 subunit acts as antiapoptotic protein by
sequestering Bax and preventing its translocation to mitochondria [29]. The function of the
cytoplasmic Ku80 is unknown. Ku70 and Ku80 were also found on cell surface of some cell
types where they have been implicated in cell adhesion and cell/microenvironment interactions
(reviewed in [30]). The members of DNA-PK complex have also been found in the lipid rafts
[28]. Thus, Ku is a protein with multiple functions and interaction between these functions is
unclear. The role of Ku in aging has been established through mouse knockout studies. Ku80
knockout mice display multiple symptoms of premature aging and cells isolated from these
mice undergo premature senescence in culture [31-33]. Ku70 knock out mice develop tumors
[34,35], and cells from these mice show premature senescence associated with accumulation
of nondividing cells [34].

In this study, we show that the total levels of Ku decrease in senescent cells. Ku also changes
its intracellular localization from nuclear/cytoplasmic in the young cells to strictly nuclear in
senescent cells. Furthermore, we found that in the young cells Ku responds to DNA damage

by changing its intracellular localization while this response is impaired in senescent cells. We
hypothesize that these changes contribute to the decline of NHEJ during cellular senescence.

2. Materials and Methods
2.1 Cell culture

HCAZ neonatal foreskin fibroblasts were a kind gift of O.M. Pereira-Smith (University of
Texas Health Sciences Center). IMR-90 embryonic lung fibroblasts were from Coriel Institute
for Medical Research. Cells were cultured in minimal essential medium with Earle's salts
(Invitrogen), L-glutamine, 0.1 mM nonessential amino acids and 1 mM Na pyruvate, 15% FBS
(Invitrogen), and 1x penicillin-streptomycin (Invitrogen) at 37°C, 95% humidity, 5% CO2,
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and 3% O2. Subconfluent cells were passaged by using 0.25% trypsin in PBS, pH 7.4
(Invitrogen). Cells were passaged until senescence. HCA2 cells became senescent at population
doubling (PD) 70, and IMR-90 cells became senescent at PD78.

2.2 DNA damage treatments

For Gamma-irradiation treatment cells were irradiated using Gammacell 1000 (Atomic energy
of Canada LTD), at the dose of 50 Gy or 5 Gy at 2.8 Gy/min. The culture medium was changed
immediately after irradiation. For UVC treatment cells were washed once with phosphate
buffer saline (PBS) and irradiated in PBS at the dose of 400x100pJ/cm? or 40x100pJ/cm?
using a UVC source (Stratalinker, Stratagene). Immediately after irradiation, PBS was replaced
with fresh culture medium.

2.3 Subcellular fractionation

Cells were harvested, washed in PBS, and 3-5x10° cells were used for subcellular fractionation.
Subcellular fractionation was performed using ProteoExtract Subcellular Fractionation kit
(Calbiochem). Protein concentration in the fractions was determined by modified Lowry
method (RC DC protein assay, BioRad).

2.4 Western blot

For analysis of total proteins, cells were harvested and 106 cells were resuspended in 40 pl of
PBS with complete protease inhibitor cocktail (Roche), and lysed by addition of 40 ul Laemmli
sample buffer with B-mercaptoethanol (BioRad) and boiled for 10 min with vortex every 5
min. Protein concentration was determined by modified Lowry method (RC DC protein assay,
BioRad), that allows measuring proteins in Laemmli sample buffer. Proteins were separated
on SDS-PAGE and transferred to nitrocellulose membrane. Membranes were hybridized with
the following antibodies: Ku70 polyclonal antibody (Abcam, ab2629), Ku70 monoclonal
antibody (Abcam, ab87), Ku80 polyclonal antibody (Abcam, ab10879), Ku80 monoclonal
antibody (Abcam, ab3715), Lactate Dehydrogenase (LDH) monoclonal antibody (Sigma-
Aldrich, L7016), Na*/K* ATPase monoclonal antibody (Abcam, ab7671), histone H3
polyclonal antibody (Cell Signaling, 9715), GAPDH polyclonal antibody (Abcam, ab9485),
LaminB1 polyclonal antibody (Santa Cruz, sc-20682), and Actin (C-2) HRP-conjugated
monoclonal antibody (Santa Cruz, sc-8432).

2.5 Immunohistochemistry

3. Results

Cells were seeded on fibronectin pretreated culture slides (BD Falcon) at 2x10* cells/slide.
Two days after plating cells were fixed with 80% acetone for 4 min at room temperature, and
air-dried. Cells were washed three times for 10 min with PBS at room temperature and blocked
with goat serum (1:100) at room temperature for 1 hour. Then the cells were incubated with
Ku80 monoclonal antibody (Abcam, ab3715) overnight at 4°C, washed three times for 10 min
with PBS and incubated with FITC conjugated anti-mouse secondary antibody (1:200) for 1
hour at room temperature in the dark. Cells were washed for 10 min three times, stained with
1 pg/ml DAPI for 2 min at room temperature in the dark, washed briefly 3 times with PBS,
and the slides were covered with Vectashield mounting media (Vector Laboratories). The
images were taken using Leica confocal microscope TCS SP.

3.1 Total levels of Ku decrease in senescent cells

To study whether total levels of Ku change in replicatively senescent cells we used two lines
of primary human fibroblasts: embryonic lung fibroblasts IMR-90 and neonatal foreskin
fibroblasts HCA2. Cells were passaged to senescence and the levels of Ku70 and Ku80 proteins
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in whole cell extract were compared using Western blot in the young cells (PD38-44 for HCA2
cells, and PD34-40 for IMR-90 cells) and in senescent cells (PD>70 for HCA2 cells, and PD>78
for IMR-90 cells) (Figure 1A). Equal loading of samples was verified by hybridization with
Actin, GAPDH, and Lamin B1 antibodies. The amounts of both Ku subunits, Ku70 and Ku80
decreased at least two fold in senescent IMR-90 and HCAZ cells relative to the young cells
(Figure 1B). Each Ku subunit was detected with two different antibodies (polyclonal and
monoclonal) to confirm that the observed reduction in Ku is not caused by conformational
change and the use of conformation-specific antibody. In summary, Ku protein levels decline
in senescent fibroblasts. The observed effect was consistent in two fibroblast cell lines of
different tissue origin and affected both subunits of Ku.

3.2 Subcellular distribution of Ku in young and senescent cells

Ku is found in the nucleus, cytoplasm and membrane, therefore we aimed to test which
subcellular fraction of Ku was reduced in senescent cells. Young and senescent IMR-90 and
HCAZ2 fibroblasts were grown as described above, harvested and immediately subjected to
fractionation. The fractionation procedure was based on differential solubility of cellular
compartments in four sequentially applied extraction buffers. The first extraction buffer
releases cytosolic proteins, the second buffer solubilizes membranes and organelles, nuclear
proteins are released with the third buffer, and cytoskeleton is solubilized with the fourth buffer.
The advantage of this fractionation method is that all the fractions are being extracted from a
single cell sample and no protein material is discarded. Therefore, the proteins in the fractions
are present in the same proportion as they are found within cells.

Following fractionation the amount of protein in each fraction and its proportion to the total
protein in all four fractions was calculated. The fractions were loaded on a gel according to the
proportion of total cellular protein they represent. For example, if 30 pg of total protein was
loaded in all four fractions, and cytoplasm/membrane/nuclear/cytoskeleton fractions
contributed 50%/19%/24%/6% of protein respectively, then 15 ug of cytoplasmic fraction, 5.7
ng of membrane fraction, 7.2 ug of nuclear fraction, and 1.8 pg of cytoskeletal fraction was
loaded. Such loading shows the distribution of a given protein between subcellular fractions,
keeping the same ratio between the different fractions as they are present within the cell.

Subcellular fractions were verified by hybridizing with LDH (cytoplasmic protein), Na*/K*
ATPase (membrane protein), and histone H3 (nuclear protein) (Figure 2A). Hybridization with
the antibodies to the marker proteins shows that the fractionation procedure was very efficient,
and there was virtually no cross-contamination between the fractions.

Ku70 and Ku80 were localized predominantly in the cytoplasm and the nucleus in young cells
(Figure 2). In senescent cells Ku was localized in the nucleus, and almost disappeared from
the cytoplasmic fraction (Figure 2). A small amount of Ku was present in the membrane/
organelle fraction. The results were consistent for the two cell lines HCA2 and IMR-90.

We then used immunohistochemistry to confirm Ku localization results obtained by cell
fractionation. Young and senescent IMR90 and HCAZ cells were stained with Ku80 antibodies
(Figure 3A). In young cells Ku was distributed evenly throughout the nucleus and cytoplasm,
while in senescent cells Ku was localized in the nucleus. Thus, we show by both cell
fractionation and immunohistochemical techniques that Ku is localized in the nucleus and
cytoplasm in the young cells, and changes its localization to nuclear in senescent cells.

3.3 Ku localization in growth-arrested cells

Replicatively senescent cells enter irreversible GO growth arrest. We therefore tested whether
the changes in Ku levels and intracellular distribution we observed in senescent cells would
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be found in the young growth-arrested cells. Normal human fibroblasts enter G1 arrest when
cells reach confluence and remain viable on a plate, with regular media changes, for extended
periods of time. Young IMR-90 and HCAZ2 cells were kept at confluence for 7 days and the
total levels of Ku was tested by Western blot in whole cell extracts (Figure 4A). The levels of
Ku70 and Ku80 remained unchanged in the G1 arrested cells. We then tested whether
intracellular distribution of Ku in G1-arrested cells. Young cells were kept at confluence for
48 hours or for 7 days and Ku localization was assayed by cell fractionation (Figure 4B). After
48 hours of G1 arrest subcellular distribution of Ku was similar to that of growing young cells
(Figures 2 and 4B). After extended period of arrest the distribution of Ku has changed to acquire
a unique distribution where similar levels of Ku were localized in the nucleus, membrane, and
cytoplasm. This distribution differs from both young and senescent cells. This result shows
that the reduction of Ku levels and the changes of intracellular distribution of Ku in senescent
cells are characteristic of senescent cells and not the result of the growth-arrest alone.

3.4 Subcellular distribution of Ku changes in response to DNA damage in young but not in
senescent cells

We hypothesized that nuclear translocation of Ku in senescent cells is caused by accumulation
of DNA breaks and short telomeres that require Ku binding. To test this hypothesis we
subjected young cells to DNA damage and examined the changes in Ku distribution. Young
and senescent HCA2 and IMR-90 cells were subjected to high and low doses DNA damaging
agents: 50 or 5 Gy of y-irradiation; 400 or 40x100uJ/cm? of UVC irradiation. y-irradiation
induces DSB breaks while UV induces primarily thymidine dimers that are not repaired by
NHEJ. The cells were harvested 1 h, 5 h, and 24 hours after treatment and subjected to
subcellular fractionation as described above, and subcellular fractions and whole cell extracts
were analyzed by Western blot. Total levels of Ku70 and Ku80 did not change upon treatment
(data not shown), while marked changes were observed in subcellular distribution of Ku.
Following y-irradiation of young cells both Ku70 and Ku80 translocated from cytoplasm into
the nucleus and membrane/organelles (Figure 5). Translocation was detectable as early as 1
hour after irradiation, more than 50% of Ku left the cytoplasm by 5 hours, and almost no Ku
remained in the cytoplasm by 24 hours. The high dose of y-irradiation produced a stronger
effect; only trace amounts of Ku were detectable in the cytoplasm 24 hours after treatment.
The low dose also resulted in Ku moving into the nucleus and membrane/organelles, although
more Ku remained in the cytoplasm and less Ku accumulated in the membrane/organelles
(Figure 5C). Nuclear translocation of Ku following y-irradiation has also been observed by
immunohistochemistry (Figure 3B). It is possible that in the young cells cytoplasmic fraction
of Ku serves as a reserve that is recruited to the nucleus upon DNA damage. The distribution
of Ku attained by the young cells at 24 hours after y-irradiation resembled Ku distribution in
senescent cells, except the increased level of Ku in the membrane/organelle fraction of
irradiated cells. In senescent cells, in contrast to the young cells, intracellular distribution of
Ku did not change after y—irradiation (Figure 5).

UVC-irradiation changed intracellular distribution of Ku in young cells but in a very different
manner from y-irradiation (Figure 6). In the young cells subjected to UVC-irradiation both
Ku70 and Ku80 moved out of the nucleus into the cytoplasm. The high UVC dose resulted in
all Ku being exported into the cytoplasm. The reduction in nuclear Ku was detectable as early
as 1 hour after irradiation and almost no Ku was detectable in the nucleus by 24 h post treatment
(Figure 6). Immunohistochemical staining of the UVC-irradiated young cells with Ku80
antibodies revealed “hollow” nuclei (Figure 3C), which confirms cytoplasmic translocation of
Ku observed by subcellular fractionation. The lower UVC dose induced nuclear export of Ku
1 h after treatment followed by re-entry of Ku at 5 h and 24 h (Figure 6C). In senescent cells
Ku response to UVC was greatly attenuated, with only a small fraction of Ku moving out of
the nucleus at either high or low UVC doses. In summary this set of experiments shows that
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in the young cells Ku changes intracellular distribution after DNA damage. This response is
impaired in senescent cells, where Ku may be permanently bound to existing DNA lesions in
the nucleus and unable to participate in new transactions.

4. Discussion

In this study we examined the levels and intracellular localization of Ku70 and Ku80 proteins
during cellular senescence. We show that the levels of both Ku70 and Ku80 in whole cell
extracts drop approximately two fold in senescent cells. This effect was observed in two normal
human fibroblast cell lines of different tissue origin. Ku70 has recently been proposed to be a
new biomarker of aging [36], as reduced Ku levels were also reported in tissues of old rats
[37] and humans [36]. We have previously shown that NHEJ in senescent cells is less efficient
and more error-prone [19]. Since Ku is a major component of DSB repair machinery the low
Ku levels may play a role in the decline of NHEJ in senescent cells.

The analysis of intracellular distribution of Ku by cell fractionation and immunofluorescence
revealed marked differences between young and senescent cells. In the young cells Ku is
present in the nucleus, cytoplasm, and a small fraction of Ku is localized to the membrane and
organelles, while in senescent cells Ku is confined to the nucleus, and a very small amount is
found in the membrane fraction. Treatment of young cells with y-irradiation induced senescent-
like changes in the intracellular distribution of Ku: both Ku70 and Ku80 translocated to the
nucleus. UVC treatment of young cells induced translocation of Ku out of the nucleus into the
cytoplasm. Senescent cells treated with either y-irradiation or UVC did not change intracellular
distribution of Ku. The lack of nuclear translocation in response to y-irradiation may be less
surprising since in senescent cells all Ku is already in the nucleus, while the absence of
cytoplasmic translocation in response to UVC suggests that Ku protein in senescent cells is
unable to appropriately respond to DNA damage. The differences in Ku dynamics between
young and senescent cells are summarized in Figure 7.

Our results suggest that Ku is regulated through its transport in and out of the nucleus. How
exactly this happens and what factors and signaling pathways are involved in Ku shuttling
remains to be determined. We hypothesize that the cytoplasm of young cells contains Ku that
serves as a reserve that is recruited to the nucleus upon DNA damage. Senescent cells, in
contrast, lack this reserve, so no additional Ku can be brought into the nucleus to repair DNA
damage. Furthermore, Ku is unable to move out of the nucleus in senescent cells in response
to UVC, which suggests that it is present in a bound form, possibly permanently bound to DNA
breaks. It was demonstrated that senescent cells accumulate unrepairable DNA damage foci
[38,39] thus Ku may be trapped by such structures. Ku heterodimer forms a ring that is loaded
on DNA strand [23], and it is unknown what takes Ku off the DNA. The release of Ku from
DNA may be impaired in senescent cells. Alternatively, Ku may remain at the damage sites
and shortened telomeres, which cannot be repaired by DNA repair machinery in senescent
cells. In summary, we show that the level of Ku is reduced in senescent cells, senescent cells
lack the cytoplasmic fraction of Ku that in the young cells is recruited to the nucleus after DNA
damage, and the nuclear Ku in senescent cells is unavailable for new transactions. All these
changes in Ku may contribute to the reduced efficiency and fidelity of NHEJ in senescent cells.
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Ku levels in young and senescent cells. (A) Young and senescent IMR-90 and HCA2 cells
were harvested and 30 pg of whole cell protein extract was analyzed by Western blot with
Ku70 or Ku80 antibodies. Equal loading was confirmed by hybridization with actin, GAPDH,
and Lamin B1 antibodies. Y, young cells; S, senescent cells. (B) The Western blots were
quantified using ImageQuant software. Protein levels in senescent cells were normalized to
the young cells, which were taken as 100%. Black bars represent young cells; white bars
represent senescent cells. The experiments were repeated four times, and error bars show

standard deviations.
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Figure 2.

Subcellular distribution of Ku70 and Ku80 in young and senescent cells. (A) Western blot
analysis of Ku in subcellullar fractions. Young and senescent IMR-90 and HCA2 cells were
fractionated into cytoplasmic (C), membrane/organelle (M), nuclear (N), and cytoskeletal (S)
fractions. The fractions were loaded according to the percent of total cellular protein
represented by each fraction. Fractions were verified by hybridizing with LDH, Na*/K*
ATPase, and histone H3 antibodies. (B) The Western blots were quantified using ImageQuant
software. The fractions were plotted according to the percent of total cellular protein
represented by each fraction. The sum of the three fractions in the young cells was taken as
100%; the sum of the three fractions in senescent cells was reduced according to the data in
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Figure 1. Black bars represent young cells; white bars represent senescent cells. Experiments
were repeated four times, and error bars show standard deviations.
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Figure 3.

Immunohistochemical analysis of Ku localization in young and senescent human fibroblasts.
Young and senescent IMR-90 and HCAZ2 cells were fixed and incubated with Ku80 antibodies
as described in Materials and Methods. Green color is immunofluorescent staining of Ku80;
blue color is DNA stained with DAPI. (A) Untreated young and senescent cells. (B) Young
cells 24 hours after y-irradiation. (C) Young cells 24 hours after UVC treatment.
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Ku levels and intracellular localization in young arrested cells. (A) Young IMR-90 and HCA2
cells were kept at confluence for 7 days. The total levels of Ku were analyzed by Western blot
in whole cell extracts. (B) Cells were kept at confluence for 48 hours or for 7 days and
subcellular distribution of Ku was analyzed by cell fractionation as in Figure 2. C, cytoplasmic
fraction; M, membrane/organelle fraction, N, nuclear fraction; and S, cytoskeletal fraction.
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Figure 5.

Subcellular distribution of Ku70 and Ku80 in young and senescent cells following exposure
to y-irradiation. IMR-90 and HCA2 cells were irradiated with 5 or 50 Gy of y-irradiation, and
fractionated. (A) Representative Western blots showing changes in subcellular localization of
Ku70 or Ku80 after 50 Gy of y-irradiation. The fractions were loaded according to the percent
of total cellular protein represented by each fraction. C, cytoplasm; M, membranes/organelles,
N, nucleus; S, cytoskeleton. (B) Quantification of the Western blots obtained after 50 Gy of
y-irradiation. Quantification was done using ImageQuant software. The results for IMR-90 and
HCAZ2 cells were pooled. The fractions were plotted according to the percent of total cellular
protein represented by each fraction. The sum of the three fractions in the young cells was
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taken as 100%; the sum of the three fractions in senescent cells was reduced according to the
data in Figure 1. (C) Quantification of the Western blots obtained after 5 Gy of y-irradiation.
Bar's shading represent different time points after irradiation: black bars, 0 time point; dark
grey bars, 1 hour after irradiation; light grey bars, 5 hours after irradiation; and white bars, 24
hours after irradiation. The experiments were repeated twice for each cell line and standard
deviations are shown.
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Figure 6.

Subcellular distribution of Ku70 and Ku80 in young and senescent cells following UVC
irradiation. IMR-90 and HCA2 cells were irradiated with 40x100 or 400x100 pJ/cm? of UVC
and fractionated. (A) Representative Western blots showing changes in subcellular localization
of Ku70 or Ku80 after 400x100uJ/cm?2 of UVC. The fractions were loaded according to the
percent of the total cellular protein represented by each fraction. C, cytoplasm; M, membranes/
organelles, N, nucleus; S, cytoskeleton. (B) Quantification of the Western blots obtained after
the high dose (400x100pJ/cm?2) of UVC. Quantification was done using ImageQuant software.
The results for IMR-90 and HCAZ2 cells were pooled. The fractions were plotted according to
the percent of total cellular protein represented by each fraction. The sum of the three fractions
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in the young cells was taken as 100%; the sum of the three fractions in senescent cells was
reduced according to the data in Figure 1. (C) Quantification of the Western blots obtained
after the low dose of UVC (40x100uJ/cm?). Bar's shading represent different time points after
irradiation: black bars, 0 time point; dark grey bars, 1 hour after irradiation; light grey bars, 5
hours after irradiation; and white bars, 24 hours after irradiation. The experiments were
repeated twice for each cell line and standard deviations are shown.
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Young cell

Figure 7.

Senescence-related changes in Ku distribution and response to DNA damage. In the young
cells Ku (open circles) is present predominantly in the nucleus and cytoplasm. In response to
y-irradiation Ku moves into the nucleus and membrane/organelle fraction. In response to UVC
Ku moves out of the nucleus. In senescent cells the majority of Ku protein is localized in the
nucleus, presumably in a DNA-bound form (crossed circles). Ku in senescent cells does not
change its localization in response to y-irradiation or UVC.

DNA Repair (Amst). Author manuscript; available in PMC 2009 June 19.



