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Background: Protein phosphatase 2A (PP2A) has been implicated in radiation-induced activation of cellular
responses, likely by its ability to regulate the autophosphorylation of the ataxia telangiectasia mutated (ATM)
protein, a key molecule involved in the DNA damage response initiated by double-stranded DNA breaks.
Interestingly, a hereditary defect in the PPP2R2B gene, which encodes the beta isoform of PP2A regulatory
subunit B, causes autosomal dominant spinocerebellar ataxia 12, a clinical condition resembling that of ataxia
telangiectasia patients. Moreover, PPP2R2B is significantly downregulated in many human cancers, including
head and neck squamous cell carcinomas (HNSCCs).
Objective: Examine whether PPP2R2B regulates ATM function, thereby contributing to tumor progression due to
the resulting defective DNA repair.
Methods: The roles of PPP2R2B were evaluated in irradiated HNSCC cell lines, siRNAPPP2R2B cells and okadaic acid
treated cells. Expression of PPP2R2B was measured by microarray, Western blot analysis and real time quantitative
rtPCR. ATM quantity and localization, ATM phosphorylation and γ-H2AX were determined by Western blot
analysis and/or immunofluorescence assay. Clonogenic cell survival assay was performed to determine ionizing
radiation sensitivity.
Results: PPP2R2B expression is reduced in multiple tumor types, including HNSCCs. Indeed, HNSCC cell lines
that have lower PPP2R2B mRNA expression and siRNAPPP2R2B cells lower basal and radiation-induced levels of
phosphorylated ATM and the consequent reduction in the levels of phosphorylation of the downstream ATM
target, γ-H2AX. Depletion of PPP2R2B and inhibition of PP2A with okadaic acid resulted in limited ATM nuclear
localization. Finally, siRNAPPP2R2B cells displayed enhanced sensitivity to death after radiation.
Conclusion: In HNSCCs, ATM nuclear localization is PPP2R2B dependent, and decreased PPP2R2B expression
may result in limited ATM activation by preventing its nuclear accumulation and ATM-chromatin interaction.
Therefore, decreased PPP2R2B expression in HNSCCs may contribute to genomic instability, cancer development
and radiation sensitivity by limiting ATM functions.
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Protein phosphatase 2A (PP2A) is a member of
the Ser/Thr protein phosphatase family, which plays
a role in several cellular processes, including gene
expression, cell development, cell division and cell

signal transduction [1-3]. The core PP2A complex is
composed of a 65 kDa scaffold structural subunit [4],
and a 36 kDa catalytic subunit (PP2AC or C subunit).
The free catalytic C subunit has high activity but low
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specificity [5]. Thus, this substrate-indiscriminate or
non-specific activity of the C subunit must be regulated
to prevent general dephosphorylation. The third PP2A
subunit, the B subunit (PP2AB), fills this need [1], and
the PP2AB, or B regulatory, family is the most variable
group among the different subunit families. In theory,
the multiple members of each subunit family can
combine to form more than 72 distinct ABC trimeric
complexes [6]. Thus far, four major classes of B
subunits have been identified: B, B’, B’’ and B’’’ [2,
7]. Each of these four sub-classes has been described
to have tissue-specific expression. The B family has
been shown to be enriched in brain, whereas the B’
and B’’ families are found in heart, skeletal muscle
and brain. The fourth family, B’’’, is thought to be
localized to neuronal dendrites [8].

Recently, PP2A was shown to reverse
phosphorylation of the ataxia telangiectasia mutated
(ATM) protein [9]. It was found that ATM interacted
constitutively with the A and C subunits of PP2A in
undamaged lymphoblastoid cells. However, when cells
were exposed to ionizing radiation (IR), the ATM and
PP2A separated from each other and, consequently,
ATM autophosphorylation occurred. Interestingly, Guo
et al. [10] proposed a model in which IR activated
ATM through a signaling pathway involving the
dissociation of the regulatory B subunit alpha isoform
(PPP2R2A) from heterotrimeric PP2A. Interestingly,
spinocerebellar ataxia type 12 (SCA12), which is
caused by the expansion of CAG triplet repeats within
the promoter region of the PPP2R2B gene, shares
characteristics with ataxia telangiectasia (A-T)
syndrome, which is characterized by progressive
neuronal degeneration and cerebellar ataxia [11-13].
The protein product of PPP2R2B, a PP2A regulatory
B subunit beta isoform, PPP2R2B, is 70% homologous
to PPP2R2A, and both subunits are found in the same
sub-populations of neurons [14]. The similarity in the
phenotypic manifestations of PPP2R2B and ATM
genetic deficiencies prompted us to examine the
possibility that PPP2R2B may regulate ATM function,
therefore contributing to human malignancies
characterized by genomic instability resulting from
defective DNA repair.

Materials and methods
Cell culture

Head and neck squamous cell cancer (HNSCC)
cells (WSU-HN) [15] were cultured in Dulbecco’s

modified Eagle’s medium (DMEM; Gibco BRL, Life
Technologies, Pairly, UK) supplemented with 10%
heat-inactivated fetal bovine serum (Sigma, St.
Louis,MO, USA). Cells were incubated at 37°C
in 5% CO2. To inhibit PP2A function by okadaic
acid (OA), WSU-HN13 cells were treated with
either 0.5 μM OA or 0.1% DMSO for 30 minutes.
For the radiation treatment, cells were incubated
in an ice-cold medium before exposure to 2.0 Gy
γ-ray at a rate of 6.22 cGy/min with a 60Co source
(Eldorado 78).

Gene expression microarray
Gene expression microarray was performed to

examine the mRNA expression profile of various
B subunits of PP2A. Labeled cDNA targeted for
hybridizations was synthesized by the Quick Amp kit
(Agilent Technologies, Palo Alto, USA) from 800 ng
of universal human reference and samples in
the presence of CyTM3 and CyTM5 reactive dye,
respectively. The labeled probes were hybridized with
oligonucleotide microarrays (Agilent Technology, Palo
Alto, USA) for 17 hours at 65°C. Hybridized slides
were scanned by an Agilent Microarray scanner. The
acquired image was analyzed and the intensity ratio
of CyTM3 and CyTM5 was calculated by Feature
Extraction software (Agilent Technologies, Palo Alto,
USA).

Real-time reverse transcription polymerase chain
reaction assay

Total RNA was extracted from WSU-HN cell lines
using TRIzol ®LS Reagent (Invitrogen, CA, USA), and
first strand cDNA templates were prepared with
the RevertAidTM first strand cDNA synthesis
kit (Fermentas, Vilnius, Lithuania), as described by the
manufacturer. The expression of PPP2R2B and
glyceraldehyde-3-phosphate dehydrogenase (G3PDH)
mRNA was detected by real-time PCR using a
QuantiTect SYBR Green PCR Kit (Qiagen, Basel,
Switzerland) and specific primers (PPP2R2B forward:
5’-GGACATTAAGCCAGCCAACA-3’, PPP2R2B
reverse: 5’-TCCCTGGTCATGATATACCTCC-3’;
G3PDH forward: 5’-GTGGGCAAGGTCATCCCTG-
3’, G3PDH reverse: 5’-GATTCAGTGTGGTGGGG
GAC-3’). All reactions were run on a Lightcycler�
instrument (Roche Applied Science). To control for
cell background effects, the expression of PPP2R2B
was normalized to the expression of G3PDH.
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Stable small interfering RNA (siRNA) transfection
WSU-HN4 cells were stably transfected with

siRNA against PPP2R2B mRNA. The oligonucleotide
sequences of the siRNA targeting PPP2R2B were
as follows: sense strand: 5- GATCCGCGTGATGT
GACCCTAGGCTTCAAGAGAGCCTAGGGTCACA
TCACGCTTTTTTGGAAA-3 and antisense strand:
5AGCTTTTCCAAAAAAGCGTGATGTGACCCT
AGGCTCTCTTGAAGCCTAGGGTCACATCACG
CG-3. The oligonucleotide was subcloned into the
PsilencerTM 3.1 vector (Ambion, Austin, Texas,
USA). The siRNA-containing expression vector and
empty vector were then transfected into WSU-HN4
cells using siPORTTM XP-1 (Ambion, Austin, USA).
Selection with 250 μg/ml hygromycin B (Roche) was
initiated 24 hours after transfection. Stably transfected
WSU-HN4 cells were obtained by three to four weeks
after transfection. The siRNAPPP2R2B and siRNAneg
cells were seeded for 24 hours in DMEM with 10%
FBS at 37°C and 5% CO2 before IR.

Western blot analysis and antibodies
After IR, medium was replaced with 37°C

medium, and cells were further incubated at 37°C
and 5% CO2 for 0, 30, 60, 90, 120 and 180 minutes
before harvesting. Harvested cells were lysed in lysis
buffer (0.05 M Tris, pH 7.4; 1% SDS), boiled for
5 minutes, and then immediately placed on ice. Proteins
were run on SDS-polyacrylamide gels and transferred
to either polyvinylidene difluoride or nitrocellulose
membranes. Antibodies were purchased as indicated:
PPP2R2B monoclonal antibody (ABNOVA, Taipei,
Taiwan), anti-phospho histone H2AX monoclonal
antibody (Upstate, Charlottesville, USA), anti-G3PDH
antibody (Trevigen, Gaithersburg, USA), anti-ATM
(2C1) antibody (GeneTex, San Antonia, USA),
anti-phospho ATM (Ser1981) monoclonal antibody
(Upstate, Charlottesville, USA), horseradish
peroxidase (HRP)-goat anti-rabbit IgG (H+L)
conjugated (Zymed® Laboratories, San Francisco,
USA) and goat anti-mouse IgG-HRP sc-2005 HRP
conjugated (Santa Cruz Biotechnology). Signals
were developed using the Supersignal west
chemiluminescent substrate optimization kit (Pierce,
Rockford, USA). Data were analyzed to determine
band densities of PPP2R2B and G3PDH and ATM,
ATMS1981p, γ-H2AX and G3PDH.

Transient small interfering RNA transfection
WSU-HN13 cells were transiently transfected with

siRNA against PPP2R2B mRNA (siRNAPPP2R2B),
which was designed by and purchased from Thermo
Scientific, Dhamacon. A nonsilencing siRNA with no
homology to any known mammalian genes (AllStars
negative control siRNA, QIAGEN, Basel, Switzerland)
was transiently transfected as a negative control
siRNA (siRNAneg) for each experiment. Transfected
cells were seeded at 1.5x105 cells/60 mm2 dish for 24
hours on uncoated 22x22 mm2 cover glasses. Cells
were then exposed to 2.0 Gy γ-ray and incubated
further at 37°C and 5% CO2 for 90 minutes before
immunofluorescence staining.

Immunofluorescence microscopy
Media were aspirated and cells were washed

twice with 1X PBS. Cells were fixed with 4%
paraformaldehyde in 1X PBS at room temperature
for 10 minutes and washed 3 times with 1X PBS.
Cells were then lysed with 0.05% TritonX-100 in 1X
PBS at room temperature for 10 minutes and washed
3 times with 1X PBS. To block non-specific binding
of antibodies, 3% BSA in 1X PBS was added and
incubated at room temperature for 30 minutes. Excess
BSA was removed, and primary antibody diluted in
3% BSA in 1X PBS was added and incubated for 90
min at room temperature. Anti-PPP2R2B antibody
was purchased from Upstate (Charlottesville,, USA).
After primary antibody incubation, cells were washed
3 times with 1X PBS, and either Alexa Fluor 488 goat
anti-mouse or Alexa Fluor 546 goat anti-rabbit
(Invitrogen, USA) was added. Cells were incubated
for one hour at room temperature without light and
washed three times with 1X PBS. The cover glass
was mounted with mounting medium with DAPI and
edges were sealed with clear nail polish. The
fluorescence signal was visualized and imaged using
a Zeiss AxioImager Z1 microscope coupled to an
ApoTome, using AxioVision 4.6 software.

Clonogenic cell survival assay
Both stable siRNAPPP2R2B and siRNAneg cells in

the exponential growth phase were seeded at 200 cells
per 100-mm tissue culture dish following IR treatment
at 0, 1, 2, 3, 4, and 5 Gy γ-ray. After the 11th passage,
cells were fixed with 10% trichloroacetic acid for
30 minutes and washed 3 times with tap water.
Cells were air dried, stained with 0.057% (w/v)
sulforhodamine B for 10 minutes, and washed three
times with 1% acetic acid. Colonies containing >50
cells were marked as survivors.
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Statistical analysis
A one-way Spearman statistical analysis was used

to assess the differences between the amounts of
PPP2R2B mRNA and ATMS1981p or γ-H2AX
(γ-H2AX and ATMS1981p band densities were
normalized to GAPDH and total ATM, respectively),
as well as the induction of ATMS1981p and γ-H2AX
or ATM and ATMS1981p. Differences were
considered significant if p <0.05. Student t test was
used to assess the differences between the amounts
of ATM or ATMS1981p between siRNAPPP2R2B and
siRNAneg cells.

Results
Expression of PPP2R2B in human cancers

We evaluated the expression status of PPP2R2B
in a variety of human cancers by computational
analysis of multiple gene array databases using
Oncomine (http://www.oncomine.org) [16].
Surprisingly, PPP2R2B is significantly downregulated
(p <0.01) in many highly prevalent human cancers,
including colon cancer, head and neck cancer,
esophageal cancer, bladder cancer, melanoma, and
brain tumors. Given that genomic instability is a
frequent event in HNSCCs [17-19], we focused
our attention on this aggressive cancer type [20]. From
studies by Ginos et al. [21] and Pyeon et al. [22],
PPP2R2B was shown to be significantly
downregulated in HNSCCs, with these studies
reporting p values of 8.8 x 10-5 and 2.1 x 10-3,
respectively. While PPP2R2B RNA levels may be
important in HNSCC development, the biological role
of this PP2A subunit has not yet been explored.

Correlations between PPP2R2B mRNA expression
and ATMS1981p

We evaluated the regulatory B subunit expression
in WSU-HN cells [15] by microarray expression
analysis (Fig. 1A). A variation in PPP2R2B mRNA
levels was observed (Fig. 1A). In order to examine
whether there was an association between PPP2R2B
mRNA expression and ATM activity, RNA and protein
from WSU-HN cell lines were collected for real time
quantitative RT-PCR and Western blot analysis,
respectively. An antibody to ATMS1981p was used
to determine the amount of phosphorylated ATM,
which represents the active form of ATM upon DNA
damage [23]. We also determined the amount of
γ-H2AX, the serine 139-phosphorylated form of
histone H2AX. γ-H2AX is a known downstream

target of ATM, hence enabling us to monitor the
functional activity of ATM [24]. Interestingly, there
were significant and direct correlations between
PPP2R2B mRNA expression and ATMS1981p
and between PPP2R2B mRNA levels and γ-H2AX
(Fig. 1B). Moreover, as expected, there was a
significant correlation between ATMS1981p and
γ-H2AX (Fig. 1B). P53 statuses of these cell lines
were reported elsewhere [25]. We found that the
correlation between PPP2R2B mRNA expression and
ATMS1981p was not dependent on P53 mutation. For
example, whereas WSU-HN 6 and WSU-HN30
express low level of PPP2R2B, only WSU-HN 6 has
P53 mutation. Therefore, we concluded that
PPP2R2B might affect ATM phosphorylation and,
consequently, its activity in vivo reflected by the
formation of γ-H2AX.

To further verify the role of PPP2R2B in ATM
phosphorylation, siRNA technology was utilized to
target PPP2R2B mRNA in WSU-HN4 cells using
control siRNA as a control for transfection. As shown
in Figure 2A, PPP2R2B protein was downregulated
in siRNAPPP2R2B cells compared to those transfected
with its control, siRNAneg cells. We examined
the levels of phosphorylated ATM and γ-H2AX in
siRNAPPP2R2B cells and siRNAneg cells after the
induction of DNA double-strand breaks (DSBs) by
IR. As shown in Fig. 2B, no ATMS1981p was
detected in either cell line under basal conditions.
However, the level of ATMS1981p in siRNAneg cells
was immediately detected after IR (0 minute) and
persisted until 180 minutes after IR, which was
the last time point that we examined. In contrast,
ATMS1981p was not detected immediately after IR
in siRNAPPP2R2B cells, but ATM phosphorylation did
increase gradually and was detectable 30 minutes after
IR. For each time point between 30 and 180 minutes
after IR, we measured the density of the ATMS1981p
bands and found that band density was lower in the
siRNAPPP2R2B cells compared to the siRNAneg cells
at every time point. Additionally, γ-H2AX was detected
to a lesser extent in siRNAPPP2R2B cells than in
siRNAneg cells at each time point. These findings
support a role of PPP2R2B in promoting ATM
phosphorylation and, consequently, γ-H2AX formation.

Significant amounts of ATM protein can be
found in both siRNAPPP2R2B and siRNAneg cells.
Even though the amounts of ATMS1981p between
siRNAPPP2R2B and siRNAneg cells were different
(p <0.01), the ATM protein was not (p=0.77)
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(Fig. 2B). Moreover, no correlation between the
amounts of ATMS1981p and ATM were observed
(r=0.01, p=0.97). Therefore, the reduced ATM
phosphorylation in siRNAPPP2R2B did not depend on
the quantity of ATM. To confirm the role of PPP2R2B

in ATM phosphorylation, immunofluorescence
microscopy was performed. As shown in Fig. 3, foci
formation of ATMS1981p and γ-H2AX were induced
after IR in siRNAneg cells but not siRNAPPP2R2B cells.

Fig. 1 The association between PPP2R2B mRNA and ATM phosphorylation levels. (A) A gene expression microarray was
performed to examine the mRNA expression profile of various B subunits of PP2A. Normalized intensity values of
PPP2R2B and PPP2CA were demonstrated. NOKs are normal oral keratinocytes and WSU-HNs are HNSCC cells.
mRNA expression of PPP2R2B and glyceraldehyde-3-phosphate dehydrogenase (G3PDH) was detected by real-time
PCR. (B) The association between PPP2R2B expression and either γ-H2AX or ATMS1981p levels, and the association
between ATMS1981 and γ-H2AX in WSU-HN cells were analyzed. Spearman statistical analysis was used and all
three associations were proven to be significant, with p<0.05.

Fig. 2 Western blot of WSU-HN4 cells stably transfected with siRNA against PPP2R2B mRNA. (A) PPP2R2B and G3PDH
and (B) ATM, ATMS1981p, γ-H2AX and G3PDH.
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PPP2R2B and ATM localization
While evaluating ATM status, we were surprised

to find that ATM of siRNAPPP2R2B cells was only
localized within the cytoplasm and that IR did not result
in ATM nuclear transport (Figure 4A). Recently, a
nuclear localization sequence (NLS) was identified
in ATM and mapped within its amino terminal [26].
Furthermore, interference of PP2A with OA, a
specific inhibitor of PP2A, was shown to have an
effect on nuclear localization of endogenous NLS-
containing proteins [4]. We therefore investigated the
role of the small molecule inhibitor of PP2A, OA, on
ATM nuclear localization. Similar to siRNAPPP2R2B
cells, ATM was found to be predominantly located
within the cytoplasm of WSU-HN13 cells exposed to
OA (Fig. 4B) in contrast to control cells, in which
ATM was found distributed within both the cytoplasm
and the nucleus (Fig. 4B). However, we found no
evidence of ATM and PPP2R2B co-localization
(Fig. 4A). Therefore, PPP2R2B may not directly
form a protein complex with ATM. Our result suggests

that PP2A plays a previously unknown function that
ultimately controls ATM nuclear localization. Taken
together, our finding reveals that PPP2R2B plays a
significant role in promoting ATM nuclear localization.
As chromatin interactions in the cell nucleus are
a prerequisite for ATM autophosphorylation [27],
either depleting PPP2R2B or its reduced expression
in cancer cells may result in the inhibition of ATM
activation by IR by preventing ATM nuclear
localization. PPP2R2B and ionizing radiation
sensitivity.

Phosphorylated ATM plays a key role in the
regulation of cellular responses to IR and helps to
rescue damaged cells [28]. Therefore, we were
interested in investigating cell survival rates in both
siRNAPPP2R2B and siRNAneg cells after IR exposure.
For these studies, we used clonogenic cell survival
assays, which can enable determination of the ability
of cells to form colonies after exposure to IR or agents
that lead to DSB induction. Specifically, we performed
a clonogenic cell survival assay to compare the

Fig. 3 The association between PPP2R2B mRNA and ATM phosphorylation levels by immunofluorescence. ATMS1981p
and its downstream phosphorylation target, γ-H2AX, were investigated in WSUHN-13 cells transiently transfected
with either siRNA against PPP2R2B mRNA or nonsilencing siRNA.
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radiation sensitivity of siRNAPPP2R2B and siRNAneg
cells using a dose range of 1 to 5 Gy of radiation to
provoke DSBs. As shown in Fig. 5, siRNAPPP2R2B
cells, which lacked PPP2R2B, demonstrated a
significant decrease in survival when compared to the

survival of siRNAneg cells. These results demonstrate
that cells without PPP2R2B are more sensitive to IR
than cells with PPP2R2B expression, likely due to their
inability to respond to DSBs and initiate the process
of DNA repair.

Fig. 4 Lack of PPP2R2B prevents ATM nuclear import. (A) WSUHN-13 cells were transiently transfected with either siRNA
against PPP2R2B mRNA or nonsilencing siRNA, and immunofluorescence microscopy against PPP2R2B and ATM
was performed. (B) Inhibiting PP2A by okadaic acid interferes with ATM nuclear import. WSU-HN13 cells were
treated with either 0.5 μM OA or 0.1% DMSO. Cells were then harvested, and immunofluorescence microscopy
against PPP2R2B and ATM was performed.
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Discussion
Expression of PPP2R2B was found to be

downregulated in many cancers, including HNSCC.
Our experiments demonstrated that HNSCC cell lines
that had lower PPP2R2B mRNA expression and
siRNAPPP2R2B cells exhibited lower basal and
radiation-induced levels of ATMS1981p, as well as
its downstream phosphorylation target, γ-H2AX.
Interestingly, siRNAPPP2R2B cells and HNSCC cells
treated with OA in order to inhibit PP2A activity
showed limited ATM nuclear localization. Finally,
siRNAPPP2R2B cells showed a lower percentage of
cell survival after radiation treatment than siRNAneg
cells. Therefore, in HNSCCs, ATM nuclear
localization has been shown to be PPP2R2B
dependent, and the decrease in PPP2R2B expression
appears to limit ATM activation by preventing ATM-
chromatin interaction.
PPP2R2B and genomic instability

ATM plays an important role in maintaining
genomic integrity [29]. Particularly in HNSCCs, ATM
kinase is important in delta Np63 alpha
phosphorylation/degradation after DNA damage [30].
Loss of ATM function has been shown to not only
promote both inherited and sporadic cancers, but also
increase radiosensitivity [31, 32]. Moreover, partial
loss of genes, including ATM, has been shown to
increase chromosomal instability after IR in HNSCCs
[33]. The ATM/p53 pathway is proposed to be
inactivated in HNSCCs by a number of distinct

mechanisms [34]. ATM promoter hypermethylation
was demonstrated in a quarter of HNSCCs [35]. Here,
we show that cells with decreased PPP2R2B
expression have reduced ATM function by inhibiting
its nuclear localization. As the PPP2R2B subunit is
significantly downregulated in HNSCCs [21, 22], it is
reasonable to hypothesize that PPP2R2B expression
is necessary for HNSCC cells to repair DSBs, hence
maintaining genomic integrity. Consequently, a
decrease in PPP2R2B expression might contribute to
HNSCC genomic instability.

PPP2R2B and radiation sensitivity
Radiation therapy failure is a significant problem

in cancer treatment. ATM promoter hypermethylation
may be a marker of several tumors, indicating high
radiosensitivity [36, 37]. Reducing ATM function by
antisense inhibition enhances the radiosensitivity of
cancer cells [38]. Here, we showed the variability of
PPP2R2B expression in HNSCCs, in which the lower
level of PPP2R2B expression may consequently limit
ATM function. It is interesting and important to  explore
further if the expression of PPP2R2B is correlated
with tumor radiosensitivity in vivo. Our experiments
proved that the downregulation of PPP2R2B by
siRNA might increase cell radiosensitivity. Similar to
antisense ATM treatment, targeting PPP2R2B may
be useful in order to improve tumor response to
radiation therapy.

Fig. 5 Clonogenic cell survival assay reveals radiation sensitivity in siRNAPPP2R2B cells. Both siRNAPPP2R2B and siRNAneg
cells were IR treated at 0, 1, 2, 3, 4 and 5 Gy γ-ray.
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SCA12
Our observations regarding the role of PPP2R2B

in regulating ATM function may have broader
implications. For example, SCA12 patients have a
PPP2R2B gene defect and a similar phenotype to A-
T syndrome [11-13]. Based on the emerging results,
we can speculate that the lack of PPP2R2B may
phenocopy ATM deficiency due to the inability of ATM
to be recruited to DSBs in the nucleus. Indeed, it should
be intriguing to determine the relationship between
SCA12 pathogenesis and ATM nuclear localization.

γγγγγ-H2AX
In cancer, γ-H2AX detection has been used to

determine the extent of DSB induction [39, 40].
Consequently, γ-H2AX may represent an important
marker to determine the presence of precancerous
cells and, thus, of cancer staging [40]. More commonly,
γ-H2AX is a crucial marker to detect genomic damage
and is useful to monitor cancer treatment, particularly
radiotherapy [41]. However, a decrease in expression
of PPP2R2B would indirectly reduce γ-H2AX and
the extent of DSBs would be underestimated.
Therefore, our findings suggest that the expression
level of PPP2R2B should be taken into consideration
when the presence of γ-H2AX is used to determine
the extent of DNA breaks.

Protein nuclear localization and cancer
One report demonstrated the role of PP2A on

protein nuclear localization in cancer development.
That is regulation of nuclear localization of GLI3,
which controls transcription of various genes involved
in cell growth and cell proliferation such as cyclin D1,
through PP2A, its regulatory subunit, α4 [42]. This
study shows tumor suppressor activity of PP2A and
suggested anticancerogenic effects of rapamycin.
From our study, PPP2R2B-involved PP2A was shown
to inhibit ATM nuclear localization in HNSCCs. Our
data suggests not only the role of PPP2R2B as a
marker for monitoring but also the possibility that PP2A
inhibitor enhances HNSCC radiation sensitivity.

Conclusion
PPP2R2B expression is reduced in multiple tumor

types, including HNSCC. HNSCC cells that have
lower PPP2R2B mRNA expression and HNSCC cells
in which this gene was knocked down using specific
siRNAs exhibited lower basal and radiation-induced
levels of phosphorylated ATM, and the downstream

ATM-target, γ-H2AX. Depletion of PPP2R2B and
inhibition of PP2A with okadaic acid resulted in limited
ATM nuclear localization. Finally, siRNAPPP2R2B cells
displayed enhanced sensitivity to die after radiation.
Therefore, in HNSCC, ATM nuclear localization is
PPP2R2B dependent and that decreased PPP2R2B
expression may result in limited ATM activation by
preventing its ATM-chromatin interaction. Ultimately,
these findings may suggest that decreased PPP2R2B
expression in HNSCC may contribute to genomic
instability and cancer development by limiting ATM
function.

Abbreviation
A-T: ataxia telangiectasia,
ATM: ataxia telangiectasia mutated,
DSBs: DNA double-strand breaks,
G3PDH: glyceraldehyde-3-phosphate dehydrogenase,
HNSCCs: head and neck squamous cell carcinomas,
IR: ionizing radiation,
PP2A: protein phosphatase 2A,
OA: okadaic acid,
PPP2R2A: the regulatory B subunit alpha isoform from

heterotrimeric PP2A,
PPP2R2B: the regulatory B subunit beta isoform from

heterotrimeric PP2A,
siRNA: small interfering RNA,
SCA12: spinocerebellar ataxia type 12,
WSU-HN: HNSCC cell lines.
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