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Histone H1.2 Is Translocated to Mitochondria
and Associates With Bak in Bleomycin-Induced
Apoptotic Cells

Hirohiko Okamura,* Kaya Yoshida, Bruna Rabelo Amorim, and Tatsuji Haneji
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Graduate School, Kuramoto, Tokushima 770-8504, Japan

Abstract Bleomycin induces single- and double-stranded breaks in DNA, with consequent mitochondrial
membrane aberrations that lead to the apoptotic cell death. It is poorly understood how DNA damage-inducing apoptotic
signals are transmitted to mitochondria, from which apoptotic factors are released into the cytoplasm. Here, we
investigated the localization of histone H1.2 in the bleomycin-treated human squamous carcinoma SCCTF cells. The
presence of DNA double-strand breaks in the bleomycin-treated cells was examined by Western analysis using antibody
against phosphorylated histone H2AX (y-H2AX). Incubation of SCCTF cells for 48 h with 10 uM bleomycin induced
apoptosis, as determined by cleavage of lamin B1 to 28 kDa fragment and DNA ladder formation. The mitochondrial
permeabilization causing apoptotic feature was also detected with MitoCapture in the bleomycin-treated cells. Histone
H1.2 was translocated from the nucleus to the mitochondria after treatment with bleomycin and co-localized with Bak in
mitochondria. Our present results suggest that histone H1.2 plays an important role in transmitting apoptotic signals from
the nucleus to the mitochondria following double-stranded breaks of DNA by bleomycin. J. Cell. Biochem. 103: 1488—
1496, 2008. © 2007 Wiley-Liss, Inc.
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Histone H1 binds to the linker DNA between
nucleosomes, sealing off two turns of DNA
around a histone octamer, and is involved in
the formation of higher-ordered chromatin
structures and in the inhibition of transcription
[Vignali and Workman, 1998]. To date, at least 8
subtypes of histone H1 have been identified.
Among them, all of the somatic Hls (H1.1-
H1.5) are ubiquitously expressed in all body
tissues throughout development [Franke et al.,
1998]. It was reported that in response to some
apoptosis-inducing stimuli histone H1.2, a
specific isoform of the linker histone, was
translocated from the nucleus into the cyto-
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plasm, where it induced the release of cyto-
chrome c from the mitochondria and subsequent
apoptosis [Konishi et al., 2003; Yan and Shi,
2003]. Recombinant H1.2 is able to induce
conformational changes and activation of Bak
in a concentration-dependent manner. Histone
H1.2-deficient mice also exhibited increased
cellular resistance in thymocytes and small
intestine to X-ray-induced apoptosis [Konishi
et al., 2003]. These findings showed that histone
H1.2 plays an important role in transmitting
apoptotic signals from the nucleus to the
mitochondria following DNA double-strand
breaks.

Mitochondria play a key role in anticancer
drug-induced apoptosis, because deficiency of
apoptosis-related proteins in mitochondria
decreases the sensitivity of cancer cells to anti-
cancer drugs [Kim et al., 2006; Wallach-Dayan
et al., 2006]. The involvement of the mitochon-
dria in apoptosis is manifested by the release of
cytochrome ¢, a resident protein in mitochon-
drial intermembrane space. Members of the Bcl-
2 protein family are critical death regulators
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that reside upstream of mitochondria and might
have proapoptotic or antiapoptotic functions.
Bcl-2 and Bcl-xLl are potent inhibitors of
apoptosis, whereas other family members, such
as Bak and Bax, promote apoptosis [Adams and
Cory, 2007]. In response to the proapoptotic
stimuli, Bak or Bax causes the permeabilization
of the outer mitochondrial membrane, allowing
cytochrome ¢ in the mitochondrial intermem-
brane space to escape into the cytoplasm.
Released cytochrome c¢ triggers apoptosome
assembly from apoptotic protease-activating
factor-1 (Apaf-1), ATP, and procaspase-9, which
activates effecter caspase-3 and caspase-7
[Baliga and Kumar, 2003].

Bleomycin (BLM) is a water-soluble antibiotic
used in the chemotherapy of carcinomas and
lymphomas. This antibiotic is internalized by a
receptor-mediated endocytosis. BLM is required
to bind to its membrane receptor and then the
complex is transferred into endocytotic vesicles
[Pron et al., 1999; Yamamoto, 2006]. BLM is
known as one of the most famous anti-cancer
drugs that induce DNA fragmentation [Kauf-
mann and Earnshaw, 2000]. BLM and peplo-
mycin, a BLM derivative antibiotic, induce
apoptosis in oral squamous carcinoma cells
[Urade et al., 1994; Okamura et al., 2001].
Cytotoxicity of BLM toward mammalian cells is
considered to be due to its ability to induce DNA
damage and the sequential release of cyto-
chrome c and proapoptotic small molecules from
the mitochondrial membrane [Kim et al., 2006;
Wallach-Dayan et al., 2006]. Although some
previous reports showed the function and the
translocation to mitochondria of histone H1.2 in
genotoxic regents-induced apoptosis [Konishi
et al., 2003; Yan and Shi, 2003], cytochemical
and biochemical analysis about histone H1.2
and Bak has not been done in the BLM-induced
apoptotic cells. In the present study, we inves-
tigated the localization and association of H1.2
and Bak together with other apoptotic events
in the BLM-treated SCCTF cells by utilizing
Western blot and immunohistochemistry.

MATERIALS AND METHODS
Materials

Dulbecco’s minimal essential medium (D-
MEM) was purchased from GIBCO BRL (Gai-
thersburg, MD). Fetal bovine serum (FBS) was
obtained from JRH Biosciences (Lenexa, KS).
Bleomycin hydrochloride was purchased from

Nippon-kayaku (Tokyo, Japan). Stock solution
(10 mM) was prepared in phosphate-buffered
saline (PBS) and diluted to the appropriate
concentrations with medium. Anti-histone H1.2
antibody was purchased from Abcam (Cam-
bridge, UK). Anti-Bak monoclonal antibody was
from Merck (Darmstadt, Germany). Anti-phos-
pho-H2AX antibody was from Cell Signaling
(Danvers, MA). Anti-lamin B1 monoclonal anti-
body was from ZyMED (South San Francisco,
CA). MitoCapture mitochondrial apoptosis
detection kit was obtained from BioVision
(Mountain View, CA). Alexa Fluor-labeled
second antibodies were from Invitrogen (Carls-
bad, CA). Plastic dishes were from Iwaki (Chiba,
Japan). DNase-free RNase and proteinase K
were purchased from Sigma (St. Louis MO).
Other materials used were of the highest grade
commercially available.

Cells and Culture Conditions

Human squamous carcinoma cell line,
SCCTF cells, was purchased from Riken Cell
Bank (Tsukuba, Japan). These cells have
minimal sensitivity to BLM and peplomycin
[Urade et al., 1994; Okamura et al.,, 2001].
SCCTF cells were cultured in plastic dishes
containing D-MEM. Each medium contained
10% (v/v) FBS, 100 U/ml penicillin, and 100 pg/
ml streptomycin. The cells were cultured at
37°C in a humidified atmosphere of 5% CO4 and
95% air. For cytochemistry, the cells were
plated on 18-mm round coverslips placed in
60-mm plastic dishes and cultured. Cell modi-
fication was monitored with the use of an
Olympus IMT-2 phase-contrast microscope and
microphotographs were recorded on a computer
(Olympus, DP70-WPCXP).

DNA Isolation and Agarose Gel Electrophoresis

Cultured cells were washed twice in PBS
followed by lysis in cold 10 mM Tris-HCI buffer
(pH 7.5), 10 mM EDTA, and 0.5% Triton X-100.
After cell lysis, debris was removed by centrifu-
gation at 15,000g for 20 min. DNase-free RNase
was added to the lysates at a final concentration
of 20 pg/ml, and incubated for 1 h at 37°C with
gentle shaking. Then proteinase K was added to
the samples at a final concentration of 20 ug/ml
for another 1 h at 37°C. DNA was precipitated
with 50% 2-propanol and 0.5 M NaCl overnight
at —20°C. After centrifugation and drying, the
DNA was dissolved in TE-buffer (10 mM Tris-
HCI, pH 8.0, containing 1 mM EDTA). Agarose
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gel electrophoresis of DNA was performed
through a 2.0% agarose gel. One hundred bp
DNA markers (New England BioLabs, Beverly,
MA) were run in the same gels. The gels were
stained for 10 min with 10 pg/ml ethidium
bromide. To visualize apoptotic alterations to
DNA integrity, we observed the DNA bands on
an UV transilluminator (Vilber Lourmat, Mar-
nela Vallee, France). Photographs were taken
with a Polaroid DS-300 camera.

Cytochemistry

After having been cultivated for various
periods, living cells were labeled for 45 min
with 100 nM Mito-tracker. For immunocyto-
chemistry, the cells on coverslips were washed
three times with PBS and fixed with 3.7%
formaldehyde for 10 min at ambient temper-
ature followed by methanol-permeabilization
for an additional 20 min at —20°C. Subsequent
procedures were conducted at ambient temper-
ature. Nonspecific binding sites were blocked
with 4% BSA and 5% normal goat serum or
rabbit serum in PBS for 10 min in a humidified
atmosphere. After having been rinsed with cold
PBS, the coverslips were incubated with 5 pg/ml
of the IgG fraction of anti-histone H1.2 antibody
and/or anti-Bak antibody in 4% BSA for 45 min.
After 3 washes with 0.05% Tween-20 in PBS
(PBS-Tween) over a 15-min period, they were
next incubated for another 45 min with Alexa
Fluor-labeled second antibodies diluted 1:300 in
4% BSA in PBS. Finally, the cells were incu-
bated with Hoechst 33342 (10 pg/ml) for 10 min
to stain the nuclei, washed as described above,
and mounted with Gel/Mount aqueous mount-
ing medium (Biomeda, Foster City, CA). For
detection of mitochondrial permeabilization,
cells were treated for 48 h with or without
BLM at the final concentration of 10 uM
followed by incubation with MitoCapture for
45 min at 37°C. The samples were examined
under an Olympus BX50 microscope equip-
ped with epifluorescence illumination with a
U-MNIBA filter for green fluorescence and a
U-MWIB filter for red fluorescence. Photomicro-
graphs were recorded on a computer (Olympus,
DP70-WPCXP).

SDS-PAGE and Immunoblotting

After appropriate periods of cultivation, cells
were washed twice with PBS and scraped into
lysate buffer containing 1 mM dithiothreitol
(DTT), 1 mM phenylmethylsulfonyl fluoride

(PMSF), 1 pg/ml leupeptin, 2 ug/ml aprotinin,
and 5 mM EGTA in PBS. The cells were
sonicated for 10 s with a sonifier cell disrupter,
and the sonicated samples were then centri-
fuged for 10 min at 10,000g. The supernatants
were denatured in sample buffer and heated in
boiling water for 5 min. Equal amounts of
proteins estimated with the protein assay kit
(Bio-Rad, Richmond, CA, USA) and prestained
molecular weight markers (GIBCO BRL) were
separated by SDS—PAGE and transferred elec-
trophoretically from the gels to polyvinylidene
difluoride (PVDF) membranes (Immobilon-P,
Millipore, Bedford, MA). The membranes were
incubated in a blocking solution consisting of 5%
skim milk in PBS-Tween and incubated for 2 h
at ambient temperature. The membranes were
washed briefly in PBS-Tween and incubated at
4°C overnight with each antibody diluted
(1:100—1:500). Subsequent procedures were
conducted at ambient temperature. The mem-
branes were washed four times within 30 min in
PBS-Tween by using a rotary shaker. The
washed membranes were incubated for 1 h with
horseradish peroxidase (HRP)-conjugated anti-
rabbit or -mouse IgG (diluted 1:5,000) in PBS-
Tween. The membranes were washed as
described above and the proteins recognized by
the antibodies were visualized by using an ECL
detection kit (Amersham Pharmacia Biotech,
Uppsala, Sweden) according to the manufac-
turer’s directions.

RESULTS

Bleomycin Stimulated the Phosphorylation
of H2AX in SCCTF Cells

To examine whether treatment with BLM
could alter the status of phosphorylation of
H2AX in SCCTF cells, the cells were incubated
with 10 uM BLM for various time periods and
subjected to Western analysis. Figure 1A shows
that the anti-phospho-H2AX antibody inter-
acted with a major band having an estimated
molecular weight of 45 kDa in the proteins
prepared from the BLM-treated cells. The
phosphorylated H2AX appeared after 0.5 h of
BLM-treatment, and the level of staining
intensity remained unchanged up to 2 h. This
band was not detected in the extracts prepared
from the control cells. The immunoreaction was
not observed in the control cells with anti-
phospho-H2AX antibody (Fig. 1Ba). In contrast,
intense fluorescence for phospho-H2AX was
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Fig. 1. Phosphorylation of H2AX in BLM-treated SCCTF cells.
A: SCCTF cells were treated with 10 uM BLM for the variable time
periods indicated and cell lysates were prepared from each type
of culture. Ten microgram samples were separated on a 12.5% of
SDS-PAGE gel, transferred to a PYDF membrane, and analyzed
for phospho-H2AX by Western blotting. B: Immunostaining of
SCCTF cells with anti-phospho-H2AX antibody. Cultured SCCTF
cells were treated for 1 h without (a—c) or with 10 uM BLM (d—f).
The treated cells were fixed with 3.7% formaldehyde, and then

observed in the nucleus in the cells treated for
1 h with 10 uM BLM (Fig. 1Bd). The control and
BLM-treated cells were also stained with
Hoechst 33342 (Fig. 1Bb,Be, respectively). The
merged views of the control and BLM-treated
cells were also shown in Figure 1Bc,Bf, respec-
tively. These findings taken together with the
results of Western analysis indicate that phos-
phorylation of H2AX occurred in the nucleus in
the BLM-treated SCCTF cells.

Bleomycin Induced Apoptosis in SCCTF Cells

Lamin Bl is major component of nuclear
envelope and cleaved into 28 kDa fragment in
the apoptotic cells [Bortul et al.,, 2001].
Figure 2A shows Western analysis of lamin B1
in the cell lysates obtained from the control and
BLM-treated SCCTF cells. In the control cells, a
major immuno-positive band with an estimated
molecular weight of 60 kDa was detected.
However, the intensity of the 60-kDa band
decreased in the cells treated with BLM.
Furthermore, an additional band of 28-kDa
was detected in the cell lysate prepared from
the BLM-treated cells. This band was not
detected in the proteins prepared from the
control cells. Figure 2B shows that treatment
of SCCTF cells with BLM caused a DNA
fragmentation pattern forming a ladder of
multiples of 180 bp. This result together with
lamin B1 cleavage indicates that BLM induced
apoptosis in SCCTF cells.

B
..
!.

permeabilized with methanol. After having been washed with
PBS-Tween, the cells were incubated with anti-phospho-H2AX
antibody. Nuclei were stained with Hoechst 33342. The cells
were examined under a fluorescence microscope. a,d: Phosphor-
H2AX; (b,e), Hoechst 33342; and (c,f), merged view of phosphor-
H2AX and Hoechst 33342. White bar indicates 10 um. [Color
figure can be viewed in the online issue, which is available at
www.interscience.wiley.com.]

Bleomycin Caused Alteration of Mitochondrial
Membrane Stability

The loss of mitochondrial membrane poten-
tial is a hallmark for apoptosis. Mitochondrial
transmembrane potential can be determined by
using JC-1 dye known as MitoCapture. In the
cells with intact mitochondria this dye accumu-
lates and aggregates inside the mitochondria,
giving a red fluorescence. Whereas in the cells
with damaged mitochondria or altered mito-
chondrial transmembrane potential, the dye
cannot aggregate and remains in the cytoplasm
in its monomeric form, giving a green fluores-
cence [Reers et al., 1995]. After treatment with
BLM for 48 h, cell rounding and shrinking were
obvious in SCCTF cells and these cells easily
detached from the culture dishes (data not
shown). In shrinking cells, we can hardly
distinguish mitochondria from nucleus and
other intracellular organelles. To detect clearly
the changes in mitochondrial membrane poten-
tial in the BLM-treated SCCTF cells, we
observed the cells that received the damage
but did not shrink absolutely. The cells were
treated for 45 min with MitoCapture at the end
of BLM treatment. Figure 3 shows the repre-
sentative images of the mitochondria labeled
with MitoCapture. MitoCapture aggregated in
the mitochondria, giving a bright red fluores-
cence in the control cells (Fig. 3b) however, only
weak green fluorescence was observed in these
cells (Fig. 3c). In the BLM-treated cells (lower
panel), no red fluorescence was observed
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Fig. 2. Cleavageof lamin BT and DNA fragmentation in SCCTF cells treated with BLM. A: Proteins prepared
from SCCTF cells incubated for 48 h with 10 uM BLM were loaded on a 12.5% of SDS—PAGE gel, transferred
to a PVDF membrane, and analyzed lamin B1 expression by Western blotting. Arrowhead indicates
fragmented form of lamin B1. B: DNA ladder formation in the BLM-treated SCCTF cells. SCCTF cells were
exposed to 10 uM BLM for 24 and 48 h. DNA was extracted and analyzed on a 2% agarose gel. Lane M,

standard DNA markers; Arrow indicates 500 bp.

(Fig. 3e) whereas intense green fluorescence
was detected in the cytoplasm (Fig. 3f). These
results indicate that BLM increased mitochon-
drial permeability in SCCTF cells. The phase
contrast microphotographs of the same fields
were also shown (Fig. 3a,d).

Translocation of Histone H1.2 in
BLM-Treated SCCTF Cells

After treatment for 48 h with 10 uM BLM, we
labeled SCCTF cells with Mito-tracker for
45 min, fixed, permeabilized, and stained with

Fig. 3. Alteration of mitochondrial membrane in BLM-treated
SCCTF cells. SCCTF cells were treated for 48 h without (a—c) or
with 10 uM BLM (d—f). After BLM treatment, SCCTF cells were
exposed to MitoCapture for mitochondria staining. Phase-
contrast microphotographs of control SCCTF cells (a) or SCCTF
cells treated with 10 uM BLM (d) are shown. Red fluorescence
(healthy) is detected by using a U-MWIG filter (b,e). Green
fluorescence (apoptotic) is detected by a U-MNIBA filter (c,f). Bar
represents 10 um. [Color figure can be viewed in the online issue,
which is available at www.interscience.wiley.com.]

anti-histone H1.2 antibody and Alexa Fluor
488-conjugated goat anti-rabbit IgG as a second
antibody. Histone H1.2 was detected in the
nucleus in the control cells, whereas no staining
was observed in the cytoplasm (Fig. 4a). Histone
H1.2 was distributed in the nucleus and
cytoplasm as dot-like bodies in the BLM-treated
cells (Fig. 4d). In the cells that had been labeled
with Mito-tracker, numerous dot-like particles
with red fluorescence were observed in the
cytoplasm both in the control and BLM-treated
cells (Fig. 4b,e). The merged view confirmed

H1.2 Mito
control
L
BLM
f

Fig. 4. Localization of H1.2in SCCTF cells. Cultured cells were
treated for 48 h without (a—c) or with 10 pM BLM (d—f) followed
by incubation for 45 min with 100 nM Mito-tracker. The treated
cells were fixed with 3.7% formaldehyde, and then permeabi-
lized with methanol. After having been washed with PBS-Tween,
the cells were incubated with anti-H1.2 antibody. The cells were
examined under a fluorescence microscope. a,d: H1.2; (b,e),
Mito-tracker; and (c,f), merged view of H1.2 and Mito-tracker.
[Color figure can be viewed inthe online issue, which is available
at www.interscience.wiley.com.]

Merge
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that histone H1.2 was localized in mitochondria
in the BLM-treated cells (Fig. 4f), because the
reaction was visible as yellow fluorescence.
However, histone H1.2 was not stained in
Mito-tracker positive sites in the control cells
(Fig. 4c), indicating that histone H1.2 did not
locate in mitochondria.

Bak is Located in Mitochondria in SCCTF Cells

With the anti-Bak antibody, mitochondria-
like bodies were intensely stained in the control
and BLM-treated cells. These positive staining
was visible as green fluorescence because an
Alexa fluor 488-labeled second antibody was
used (Fig. 5a,d). Mito-tracker stained the same
sites of the Bak-positive regions in the
untreated (Fig. 5b) or BLM-treated cells
(Fig. 5e), which gave a red fluorescence. The
merged view confirmed that Bak and Mito-
tracker were localized in the same sites in the
control or BLM-treated cells, because the
reaction was visible as yellow fluorescence
(Fig. 5c,f). Because Mito-tracker stains mito-
chondria, these results indicate that Bak is
located in mitochondria in SCCTF cells regard-
less of BLM-treatment. Nuclei were also stained
with Hoechst 33342.

Association of Histone H1.2 and Bak in
BLM-Treated SCCTF Cells

To confirm the mitochondrial localization of
histone H1.2 in the BLM-treated cells, we
labeled SCCTF cells with anti-histone H1.2

Mito Merge

Fig. 5. Localization of Bak in SCCTF cells. Cultured cells were
treated for 48 h without (a—c) or with 10 pM BLM (d—f) followed
by incubation for 45 min with 100 nM Mito-tracker. The treated
cells were fixed with 3.7% formaldehyde, permeabilized, and
immunostained with anti-Bak antibody. The cells were exam-
ined under a fluorescence microscope. a,d:, Bak; (b,e), Mito-
tracker; and (c,f), merged view of Bak and Mito-tracker. [Color
figure can be viewed in the online issue, which is available at
www.interscience.wiley.com.]

conirol

and anti-Bak antibodies. Figure 6 shows the
immunostaining of histone H1.2 and Bak in the
control (upper panel) and BLM-treated (lower
panel) cells. The distribution of red fluorescence
(histone H1.2) was observed only in the nucleus
in the control cells (Fig. 6a), whereas dot-like
green fluorescence (Bak) was detected in mito-
chondria in the control cells (Fig. 6b). The
merged view shows that histone H1.2 and Bak
distributed in different sites in the control cells
because no yellow fluorescence was detected in
these cells (Fig. 6¢). In contrast, in addition to
the nucleus, red fluorescence of histone H1.2
was detected in the cytoplasm as dot-like bodies
in the BLM-treated cells (Fig. 6d). The dot-like
green fluorescence of Bak was observed in the
cytoplasm in the BLM-treated cells (Fig. 6e).
The merged view of histone H1.2 and Bak
revealed that these proteins were co-localized
in cytoplasm in the BLM-treated cells (Fig. 61),
indicating mitochondrial distribution of histone
H1.2 and Bak. Cell fractionation and Western
analysis also showed that histone H1.2 was
translocated from the nucleus to the mitochon-
dria and associated with Bak in the BLM-
treated cells (data not shown).

DISCUSSION

Various apoptotic stimuli including treat-
ment of anticancer drugs initially activate
individual stimulus-specific signaling path-
ways, which subsequently focus on mitochon-
drial dysfunction mediated by mitochondrial

membrane permeabilization [Green and
H1.2 Bak Merge
conirol 2
c
- &
€ J

Fig. 6. Immunocytochemical identification of H1.2 and Bak in
SCCTF cells. The cells were treated for 48 h without (a—c) or with
10 pM BLM (d—f). The cells were interacted with anti-H1.2 and
anti-Bak antibodies as described in the text. a,d: H1.2; (b,e), Bak;
and (c,f), merged view of H1.2 and Bak. Bar represents 10 um.
[Color figure can be viewed inthe online issue, which is available
at www.interscience.wiley.com.]
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Kroemer, 2004; Spierings et al., 2005]. In the
present study, we focused on histone H1.2 as a
signaling candidate for transmitting the infor-
mation of BLM-induced DNA double strand
brakes from nuclei to mitochondria. H2AX in
association with replication protein A contrib-
utes to both DNA damage checkpoint control
and repair in response to DNA strand breaks
[Balajee and Geard, 2004]. The phosphorylation
of histone H2AX at serine 139 is one of the
earliest responses to DNA breaks in mamma-
lian cells [Rogakou et al., 2000; Tanaka et al.,
2006]. Phosphorylation of histone H2AX was
observed within 30 min, which should be one of
the initial steps of BLM-induced apoptosis in
SCCTF cells. Lamin B1 is major component of
nuclear envelope and cleaved into 28 kDa
fragment in the apoptotic cells, whereas in the
necrotic cells lamin B1 is cleaved into 50 kDa
fragment [Bortul et al., 2001]. The cleavage of
lamin B1 to 28 kDa fragment indicates that
BLM induced apoptosis in SCCTF cells. The
BLM-induced apoptosis was also determined by
DNA ladder formation.

Because histone H1.2 is a linker protein
which interacts with DNA between the nucleo-
somes [Zong, 2004], BLM-mediated DNA
breaks are thought to allow histone H1.2 to
release from the nucleus and translocate to
cytoplasm. Disruption of the mitochondrial
transmembrane potential is one of the intra-
cellular events that occur following induction of
apoptosis. MitoCapture utilizes a cationic dye
whose fluoresces is differently stained in the
healthy (red) or apoptotic (green) cells [Reers
et al., 1995]. In agreement with other report
[Kobayashi et al., 2004], alteration of mitochon-
drial membrane permeabilization was detected
in SCCTF cells treated with BLM. Mitochondria
undergo major changes in membrane integrity
before classical signs of apoptosis become
manifest [Loeffler and Kroemer, 2000]. Mito-
chondrial membrane permeabilization induces
the membrane transition pore to release small
molecules including cytochrome c¢ from the
intermembrane space [Reed, 2006]. Members
of the Bcl-2 family are major regulators of
mitochondrial apoptotic events. They can be
divided into three main subclasses; (1) anti-
apoptotic members such as Bcl-2, (2) pro-
apoptotic proteins that share homology only at
the BH3 domain, such as Bid and Bim, and (3)
pro-apoptotic molecules, such as Bax and Bak,
with sequence homology at BH1, BH2, and

BHS. Expression of Bel-2 and Bel-xL prevents
the redistribution of cytochrome c in response to
multiple death-inducing stimuli. However, Bid,
Bax, and Bak promote cytochrome c¢ release
from mitochondria. Bak and Bax exist as
monomers in viable cells, however, when death
signals are received, Bax is inserted into the
mitochondrial outer membrane as homo-oligo-
merized multimers [DeGiorgi et al., 2002]. Cells
deficient of both Bak and Bax were demon-
strated to be resistant to diverse intrinsic death
pathway stimuli [Wei et al., 2001]. Bak also
residesin aninactive statusin the mitochondria
and undergoes an allosteric conformational
alternation in response to death signals, leading
to its oligomerization and permeabilization of
the mitochondrial outer membrane for the
release of small molecules from the intermem-
brane space [Kim et al., 2006]. In correspond-
ence with these reports, localization of Bak in
mitochondria did not change in SCCTF cells
treated with BLM as determined by immuno-
cytochemistry and cell fractionation assay. Bak-
deficient cells have lower sensitivity for various
anti-cancer drugs including BLM, which sug-
gest that Bak plays an important role in the
release of apoptotic factors from mitochondria
in BLM-induced apoptosis [Wang et al., 2001].
A variety of proteins have been described as
molecules that transmit DNA-damage-induced
apoptotic signals, including p53, Bax, Noxa,
Puma, and Prep [Erster et al., 2004; Ihrie and
Attardi, 2004; Roos and Kaina, 2006]. Apoptosis
induced by BLM appeared to depend on the
presence of a wild-type p53 gene [Enokido et al.,
1996]. However, it was reported that induction
of apoptosis in squamous carcinoma cells by
BLM was p53-independent [Patel et al., 2000].
Furthermore, it was reported that BLM induced
apoptosis in HL-60 cells that is known to be
deficient in p53 gene [Gimonet et al., 2004] and
activated a mitochondria-dependent caspase
cascade in these cells. Cisplatin, a DNA-damag-
ing drug, induces Bak and Bax modulation and
mitochondrial depolarization in the cells har-
boring mutant p53 [Viktorsson et al., 2003].
These findings suggest that other factors except
p53 should be involved in BLM-induced apop-
tosis by transmitting DNA damage to mitochon-
dria. By searching molecules that could
stimulate cytochrome c release, histone H1.2
was identified as one of the key factors that
transmit apoptotic signals to the mitochondria
in thymocytes [Konishi et al., 2003]. Histone
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H1.2 is involved in apoptosis induced by X-ray
irradiation and etoposide-treatment. In con-
trast, histone H1.2 was not related to other
forms of apoptosis induced by TNF-o, stauro-
sporine, paclitaxel, and UV irradiation [Konishi
et al., 2003; Yan and Shi, 2003]. Both X-rays and
etoposide cause DNA damage that primarily
involves double-strand breaks. DNA double-
strand breaks trigger a megabase range of
chromatin remodeling, which leads to release
of a significant amount of Hls from the
chromatin. Thus histone H1.2 seems to be
specifically involved in apoptosis induced by
DNA double-strand breaks. These observations
support the hypothesis that histone H1.2 also
involved in apoptosis induced by BLM. In the
present study, we investigated the intracellular
localization of H1.2 and Bak during apoptosis by
using biochemical and cytochemical approaches
in BLM-treated SCCTF cells. We demonstrated
that histone H1.2 was released from the nucleus
by BLM treatment. The released histone H1.2
was translocated into the mitochondria in
which histone H1.2 associated with proapop-
totic protein Bak. Co-localization of H1.2 and
Bak in mitochondria suggests that histone H1.2
transmits DNA breaks occurred in the nucleus
to the mitochondria and that Bak in mitochon-
dria receives its information to elicit the release
of proapoptotic factors. Although further stud-
ies are necessary to elucidate the function and
regulatory mechanisms of histone H1.2 in
apoptotic cells, our results suggest that H1.2
promotes the activation of proapoptotic Bcl-2
family proteins, mitochondrial cytochrome c
release, and ultimately, apoptotic cell death in
the cells treated with BLM as well as other DNA
double-strand inducing stimulation.
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