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Abstract
Protein phosphatase 2B (PP2B) is one of the major brain phosphatases and can dephosphorylate
tau at several phosphorylation sites in vitro. Previous studies that measured PP2B activity in
human brain crude extracts showed that PP2B activity was either unchanged or decreased in AD
brain. These results led to the speculation that PP2B might regulate tau phosphorylation and that a
down-regulation of PP2B might contribute to abnormal hyperphosphorylation of tau. In this study,
we immunoprecipitated PP2B from brains of six AD subjects and seven postmortem- and age-
matched controls and then measured the phosphatase activity. We found a three-fold increase in
PP2B activity in AD brain as compared with control brains. The activation was due to the partial
cleavage of PP2B by calpain I that was activated in AD brain. The truncation of PP2B appeared to
alter its intracellular distribution in the brain. In human brains, PP2B activity correlated positively,
rather than negatively, to the levels of tau phosphorylation at several sites that can be
dephosphorylated by PP2B in vitro. Truncation of PP2B in the frontal cortex was more than in the
temporal cortex, and tau phosphorylation was also more in the frontal cortex. Taken together,
these results indicate that truncation of PP2B by calpain I elevates its activity but does not
counteract the abnormal hyperphosphorylation tau in AD brain.
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INTRODUCTION
Neurofibrillary degeneration characterized by the intracellular deposition of abnormally
hyperphosphorylated tau as neurofibrillary tangles (NFTs) correlates directly to the severity
of dementia symptoms [1,2] and therefore is crucial to the pathogenesis of Alzheimer's
disease (AD). The abnormal hyperphosphorylation of tau appears to be responsible for the
loss of its biological activity, gain of its toxicity, and aggregation into NFTs [3,4]. In order
to understand the mechanism by which tau becomes abnormally hyperphosphorylated in AD
brain, many studies have focused on identification of tau phosphatases, which regulate tau
phosphorylation level, and their dysregulation. Among the major brain protein phosphatases
(PP), PP1, PP2A, PP2B, and PP5, but not PP2C, have been shown to dephosphorylate the
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abnormal hyperphosphorylated tau in vitro [5-13]. PP2A and PP5 have also been found to be
down-regulated in AD brain [14-19], which probably partially contributes to the abnormal
hyperphosphorylation of tau. Studies of whether PP2B is dysregulated in AD brain yielded
inconsistent results. When using 32p-labelled phosphorylase kinase as a protein substrate for
measuring PP2B activity in brain extracts, we previously found no difference in the activity
between AD and control brains [14]. However, by using p-nitrophenyl phosphate (pNPP) as
a substrate for assaying brain extract PP activity, it was reported that the nickel- and
manganese-stimulated PP activity (that mainly represents PP2B activity) is decreased in
some areas of AD brain as compared with controls [20,21]. Therefore, whether PP2B is
dysregulated and whether the dysregulation contributes to the abnormal
hyperphosphorylation of tau require further investigation.

PP2B, also known as calcineurin in the brain, is a Ca2+/calmodulin-dependent protein
phosphatase. The holoenzyme is a heterodimer, consisting of a 60-kDa catalytic subunit (A
subunit) and an 18-kDa regulatory subunit (B subunit) [22]. The catalytic subunit has a
calmodulin-binding domain and an autoinhibitory domain in the C-terminal part, which
normally mask the catalytic domain and keep the enzyme inactive. PP2B is activated by
binding of Ca2+/calmodulin to the calmodulin-binding domain, which triggers the release of
the autoinhibitory domain from the catalytic site [23,24]. PP2B can also be activated by
proteolytic cleavage of the autoinhibitory domains, resulting in a Ca2+/calmodulin-
independent, active phosphatase [23,25,26]. It has been reported that calpain I, a major
Ca2+-activated protease in the brain, cleaves and activates PP2B [24,26,27].

To elucidate whether dysregulated PP2B has an impact on the abnormal
hyperphosphorylation of tau in AD brain, and if so, how, we immunoprecipitated the
catalytic subunit of PP2B from AD and control brains and then measured the phosphatase
activity toward phospho-tau. We found that PP2B was activated due to cleavage by
activated calpain I in AD brain. The truncated PP2B was more active than the full-length
PP2B. Truncation of PP2B did not correlate to tau phosphorylation at any phosphorylation
sites studied in human brains.

MATERIALS AND METHODS
Materials

The longest isoform of human tau (tau441) and cyclin-dependent kinase 5 and its activator
p25 (cdk5/p25) were cloned, expressed, and purified as described previously [28,29]. The
catalytic subunit of cAMP-dependent protein kinase (PKA) and calpain I were purchased
from Sigma (St. Louis, MO). PP2B was purified as described previously [18]. Protein G-
agarose bead was purchased from Pierce (Rockford, IL). Monoclonal antibodies against
catalytic subunit of PP2B and calpain I were from Sigma (St. Louis, MO). Polyclonal
antibody against catalytic subunit of PP2B was raised in rabbits as described previously
[30]. Peroxidase-conjugated anti-mouse and anti-rabbit IgG were from Jackson
ImmunoResearch Labratories (West Grove, PA). ECL kit was from Amersham Pharmacia
Biotech (Piscataway, NJ). N-acetyl-Leu-Leu-Nle-CHO (ALLN) was obtained from
Calbiochem (La Jolla, CA). [γ-32P]ATP was purchased from ICN Biomedicals (Costa
Mesa, CA). Bradford protein assay reagent was from Bio-Rad Laboratories, Inc. (Hercules,
CA).

Brain tissue
The medial temporal or frontal cortices of six AD and seven age-matched normal human
brains (Table 1) used for this study were obtained from the Sun Health Research Institute
Donation Program (Sun City, AZ). All brain samples were pathologically confirmed and
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stored at -70°C until used. The use of frozen human brain tissue was in accordance with the
U.S. National Institutes of Health guidelines and approved by our institutional review board.

Immunoprecipitation of PP2B catalytic subunit
Human brain tissue was homogenized with 9×vol. of buffer containing 50 mM Tris-HCl, pH
7.0, 8.5% sucrose, 10 mM β-mercaptoethanol, 2 mM EDTA, 2 mM Benzamidine, and 2.0
μg/ml each of aprotinin, leupeptin, and pepstatinin. The 16,000μg extracts were prepared
from the homogenates, and the protein concentrations were measured by the Bradford
method [31]. The extracts were then incubated with monoclonal antibody against the
catalytic subunit of PP2B, which was pre-coupled to protein G-agarose beads for 4 h at 4°C.
The negative control was prepared with protein G-agarose beads without pre-coupling with
the antibody. The immunoprecipitated complex was washed with Tris-buffered saline three
times and with 50 mM Tris-HCl (pH 7.4) twice, and then used for Western blots and PP2B
activity assays. The success of the immunoprecipitation was examined by Western blot
analyses, as described [18].

Preparation of phosphorylated tau (32P-tau)
Recombinant human brain tau441 was phosphorylated in vitro with PKA and cdk5, as
described previously [18]. Under these conditions, ~3 moles of phosphates were
incorporated to each mole of tau441, and many sites were phosphorylated.

PP2B activity assays
PP2B activity was assayed in a reaction mixture (20 μl) containing 50 mM Tris-HCl, pH
7.4, 10 mM β-mercaptoethanol, 0.1 mg/ml 32P-tau, 1.5 mM CaCl2, 1.5 μM CaM, and
immunoprecipitated PP2B complex. When crude brain extracts were used for PP2B activity
assays, 100 nM okadaic acid was included in the reaction mixture to inhibit other major
brain phosphatases, including PP1, PP2A, and PP5. After incubation at 30°C for 20 min, the
reaction was terminated, and the released 32Pi was determined by Cerenkov counting after
separation from 32P-tau by ascending paper chromatography, as described previously [32].

Immuno-dot-blot assays
The levels of PP2B catalytic subunit and tau phosphorylation at specific sites in the brain
extracts were determined by immuno-dot-blot assays using monoclonal antibody to PP2B
catalytic subunit and to phosphorylated tau at specific sites as primary antibody, as
described previously [33].

Determination of tau phosphorylation at various phosphorylation sites
Human brain tissue was homogenized with buffer containing 50 mM Tris-HCl, pH 7.0,
8.5% sucrose, 10 mM β-mercaptoethanol, 2 mM EDTA, 50 mM NaF, 100 mM acetyl-
glucosamine, 2 mM benzamidine, and 2.0 μg/ml each of aprotinin, leupeptin, and pepstatin.
The phosphorylation state of tau in these homogenate samples was analyzed by Western
blotting, as described previously [34].

Transfection of HEK293T cells and subcellular fractionation
HEK293T cells were cultured and transiently transfected with pCDNA3.1/PP2B60 or
pCDNA3.1/PP2B57 by using FuGENE 6 (Roche), according to the manufacturer's
instructions. The cells were harvested and lysed in SDS-PAGE sample buffer 48 h after
transfection, and the lysates were analyzed by Western blots.

For subcellular fractionation, cells after 48-h transfection were homogenized in the buffer
containing 50 mM Tris-HCl (pH 7.4), 150 mM NaCl, 2 mM EDTA, 10 mM β-
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mercaptoethanol, 50 mM NaF, 1 mM NaVO4, and 2.0 μg/ml each of aprotinin, leupeptin
and pepstatin. After being centrifuged at 900 g for 10 min, the pellet was homogenized in
the same buffer and centrifuged again. The pellets (nuclear fraction) and the combined
supernatants (cytosolic fraction) were subjected to Western blots.

Localization of PP2B and truncated PP2B
HeLa cells were transfected with pCDNA3.1/PP2B60 or pCDNA3.1/PP2B57, as described
above. After 48-h transfection, the cells were washed with PBS and fixed with 4%
paraformaldehyde in PBS for 30 min at room temperature. After washing with PBS, the
cells were blocked with 10% goat serum in 0.2% Triton X-100-PBS for 2 h at 37°C and
incubated with mouse anti-myc antibody (1:1000) overnight at 4°C. The cells were then
washed and incubated for 1 h with secondary antibodies (FITC-conjugated goat anti-mouse
IgG, 1:200), and then incubated with 5 μg/ml Hoechst for 15 min at room temperature. After
washing with PBS, the cells were mounted with Fluoromount-G and observed with a Leica
TCS-SP2 laser-scanning confocal microscope.

Immunohistochemistry
Human brain tissue was first fixed in 10% phosphate-buffered, saline-buffered formalin and
embedded in paraffin. Thin (6-μm-thick) sections were cut, and immunohistochemical
staining was carried out by using the avidin–biotin-peroxidase complex system (Vector
Labs, Inc., Burlingame, CA, USA) and visualized by diaminobenzidine staining.

RESULTS
PP2B activity is increased in AD brain

The previously reported inconsistent PP2B activity in AD brain might result from the
limited specificity of the assay, because the substrates used were not specific. To overcome
this potential weakness, we immunoprecipitated PP2B catalytic subunit from human brain
crude extracts with monoclonal anti-CaNA antibody and then determined the phosphatase
activity toward 32P-tau as a substrate. Western blots of the unbound fraction and the
immunocomplex indicated that the monoclonal antibody precipitated PP2B completely and
did not co-precipitate PP1, PP2A, or PP5 [18]. To our surprise, we found that PP2B activity
was three-fold higher in AD brain than in control brain (Fig. 1A).

To understand why the previous studies, in which crude brain extracts were used directly for
PP2B activity assays, did not observe such an increase in PP2B activity in AD brain
[14,20,21], we also assayed PP2B activity of the human brain extracts without
immunoprecipitation and found no difference in PP2B activity toward 32P -tau between AD
and control extract samples (Fig. 1A). Thus, we examined PP2B in the assay mixture after
20 min of assay reaction and found that the catalytic subunit of PP2B (PP2B A) in the
control brain extracts was partially cleaved into 57-kDa and 48-kDa truncated forms (Fig.
1B, left) after incubation with Ca2+/calmodulin that were included in the reaction mixtures
of the present and the previous studies. Removal of Ca2+/calmodulin from the reaction
mixture eliminated the partial cleavage. In AD brain, the PP2B catalytic subunit was already
partially cleared to the 57-kDa form, and no further cleavage was seen during incubation in
the assay mixture (Fig. 1B, right). These results suggest that when brain extracts were used
for assaying PP2B activity, the PP2B A in the control brains may be activated by partial
cleavage to the level seen in AD brain during activity assay incubation.

It has been reported that the catalytic subunit of PP2B can be cleaved and activated by
calpain I [24,26,27] and that calpain I is over-activated in AD brains [35,27]. Thus, we
examined the truncation of calpain I that is present in the control brain extracts during assay
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incubation and found that it was indeed cleaved and activated to a similar level as in AD
brain (Fig. 1B, lower panel). Exclusion of Ca2+ with EGTA from the incubation mixture
eliminated the cleavage of both PP2B and calpain I during incubation (Fig. 1B, the first lane
of the left panel).

In contrast, when the immunoprecipitated PP2B catalytic subunit was used for the activity
assay, PP2B from control brains was not truncated, because of the lack of calpain I in the
assay mixture (Fig. 1C). To confirm the partial cleavage and activation of PP2B-A by
calpain I, we studied the in vitro proteolysis and activation of PP2B with calpain I. We first
immunoprecipitated PP2B from control human brain extracts to eliminate calpain I (Fig.
1C). Incubation of the immunoprecipitated PP2B in the phosphatase assay buffer, in which
calpain I and Ca2+/calmomodulin were also added, resulted in a three-fold activation of the
phosphatase activity, and this activation was prohibited when ALLN, a calpain inhibitor,
was also included (Fig. 1D). These results suggest that when normal brain extracts were
used for PP2B assay, the addition of Ca2+ in the PP2B assay mixture activated endogenous
calpain I, which in turn, cleaved and activated PP2B to the same level as seen in AD brain
extracts. In AD brain, truncation of PP2B to 57 kDa by calpain I elevated its activity.

The truncated PP2B has more phosphatase activity than full-length PP2B in cultured cells
To confirm that the truncation of PP2B catalytic subunit increases its phosphatase activity in
live cells, we overexpressed PP2B60 or PP2B57 together with human tau441 in HEK-293T
cells. The cells were lysed 2 days after transfection, and the cell lysates were analyzed by
Western blots for tau phosphorylation. We observed that overexpression of both the full-
length and the truncated PP2B significantly decreased tau phosphorylation at all the
phosphorylation sites examined (Fig. 2). Compared with the full-length PP2B, the truncated
PP2B induced dephosphorylation of tau at Ser199, Ser202, Thr205, Thr212, and Ser404 to
larger degrees (Fig. 2B), despite the fact that expression of the truncated PP2B was similar
or even less than that of the full-length PP2B (Fig. 2A). These results suggest that the
truncated PP2B is more active in its phosphatase activity than the full-length PP2B in
cultured cells.

PP2B truncation alters its subcellular distribution
PP2B is involved in many facets of neuronal physiology via dephosphorylation of its
substrate proteins locally inside the cell. Thus, we studied the impact of the truncation on the
intracellular distribution of PP2B by immunohistochemistry. We observed that in normal
control human brains, PP2B was distributed over the cytoplasm, the nucleus, and the
processes (Fig. 3A, C). In AD brains in which PP2B was partially truncated, the
immunostaining of PP2B was stronger in the cytoplasm than in the nucleus in many neurons
(Fig. 3B, D). These observations suggest that the truncation may alter PP2B distribution.

To confirm the effects of the PP2B truncation on its intracellular localization, we over-
expressed the full-length (60 kDa) and the truncated (57 kDa) PP2B tagged with myc in
HEK-293T cells and then determined the level of PP2B in the nuclear and cytosal fractions
separately, 48 h after transfection. We observed that both the full-length and the truncated
PP2B were mostly present in the cytosal fraction in HEK-293T cells (Fig. 4A). However,
the ratio of the truncated PP2B in the cytosal over the nucleus was larger than that of the
full-length PP2B (Fig. 4B), suggesting that the truncated PP2B is distributed more in the
cytoplasm than the full-length PP2B. In HeLa cells, localization of the truncated PP2B (57
kDa) was almost exclusively in the cytoplasm (Fig. 4C), but significant amounts of the full-
length PP2B were also localized in the nucleus (Fig. 4C). These results confirmed that
truncation of PP2B leads to an increased localization to the cytoplasm.
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Activation of PP2B cannot counteract hyperphosphorylation of tau in AD brain
As PP2B dephosphorylated tau at multiple sites in vitro [18] and in cultured cells, its
activation due to truncation would have led to hypophosphorylation, rather than
hyperphosphorylation, of tau in AD brain, if PP2B were the major tau phosphatase in the
brain. The fact that tau is abnormally hyperphosphorylated in AD brain suggests that PP2B
may not be a major tau phosphatase in vivo, and its activation does not counteract the
hyperphosphorylation of tau resulting from other mechanisms. To investigate whether PP2B
activation has any role in counteracting tau hyperphosphorylation in AD, we measured tau
phosphorylation levels at individual phosphorylation sites by immuno-dot blots and
analyzed the correlation between PP2B truncation and tau phosphorylation in 13 human
brains, including both AD and controls. We found no negative correlation between PP2B
truncation/activation and tau phosphorylation (Fig. 5), which would be otherwise expected if
PP2B dephosphorylated tau in the human brain. Instead, tau phosphorylation at all of these
sites except Ser202 correlated positively or had a tendency to correlate positively to PP2B
truncation. These results suggest that PP2B is not a major phosphatase regulating tau
phosphorylation in the brain, and thus, the increased PP2B truncation/activity cannot
counteract tau hyperphosphorylation in AD brain.

In addition to the temporal cortices, we also analyzed the truncation of the PP2B catalytic
subunit and the level of tau phosphorylation in the frontal cortices. Western blots indicated
that the PP2B catalytic subunit was truncated into 57 kDa in the frontal cortices, and the
degree of the truncation was larger than that in the temporal cortices, although the total level
of PP2B was unchanged in both areas of the brain (Fig. 6A, 6B). Phosphorylation of tau at
12E8 sites (Ser262/Ser356) and PHF-1 (Ser396/Ser404) in the frontal cortices was also
found to be more, rather than less, than in the temporal cortices (Fig. 6C, 6D). These results
further suggest that increased PP2B activation due to truncation cannot counteract the
hyperphosphorylation of tau in AD brain.

DISCUSSION
PP2B activity was previously measured in human brain extracts by using selective PP2B
inhibitors or activators and found to be the same or slightly decreased in AD brain as
compared to controls [14,20,21]. On the basis of these observations and the studies showing
efficient dephosphorylation of tau at multiple sites by PP2B in vitro and in cultured cells, it
was hypothesized that PP2B might regulate tau phosphorylation in the brain. In the present
study, we determined PP2B activity in AD and control brains after immunoprecipitation of
PP2B from brain extracts. To our surprise, we found a three-fold higher PP2B activity in AD
brain than in controls. Further investigations demonstrated that the increased activity was
due to partial cleavage of PP2B by calpain I, which activates PP2B, in AD brain. The
present study also explains the reason why previous studies using brain extracts for PP2B
assay failed to observe the elevated PP2B activity in AD brain. That was most likely
because Ca2+/calmodulin included in the assay mixture activated endogenous calpain I of
the brain extracts, which in turn cleaved and activated PP2B activity to an extent similar to
that seen in AD brain. Calcium homeostasis is disturbed and calpain I is over-activated in
AD brain [35,36,27], which appears to cleave and activate the PP2B already in AD brain,
and therefore, there is no further activation of PP2B during PP2B assay incubation. When
we compared PP2B activity between AD and control brains by measuring the activity of
PP2B immunoprecipitated from brain extracts, because the assay mixture did not
contaminate calpain I and, hence, PP2B from control brains was not activated during assay
incubation, we were able to observe activated PP2B in AD brain as compared to controls
brains.
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Tau is abnormally hyperphosphorylated rather than hypophosphorylated in AD brain at
multiple phosphorylation sites, including those that can be dephosphorylated by PP2B in
vitro [37]. Truncated PP2B A was more active in the dephosphorylation of tau at multiple
sites in cultured cells. These data suggest that the activated PP2B could not override the
hyperphosphorylation of tau in AD brain. Otherwise, the elevated PP2B activity in AD brain
might have resulted in decreased phosphorylation, rather than hyperphosphorylation, of tau
at PP2B-relevant phosphorylation sites. Our conclusion is consistent with previous studies in
which inhibition of PP2A, a major tau phosphatase [10,12,38,39,18], induced a marked
increase in tau phosphorylation in animal brains [40], whereas inhibition of PP2B did not
induce a significant increase in tau phosphorylation in animal brains, except for a mild
increase in tau phosphorylation restricted to the mossy fibers of the hippocampus [39,41].

PP2B is highly expressed in the central nervous system [23,42] and dephosphorylates tau in
vitro at several phosphorylation sites [9,11,18]. The reason why such a phosphatase does not
regulate tau phosphorylation in the brain may be explained by our findings that PP2B has a
five-fold larger Km (~50 μM) than do PP1, PP2A, and PP5 (~10 μM) toward tau [18],
suggesting that PP2B has much less affinity to tau than do other major brain PPs. The
intraneuronal tau concentration is estimated to be 5–10 μM on the basis of its concentration
as measured in brain homogenates [43]. The much larger Km of PP2B than the intraneuronal
tau concentration also suggests that PP2B is unlikely to act on tau in vivo. Indeed, when we
compared the relative contributions of major brain PPs to dephosphorylation of tau in the
total human brain crude extract, we found that PP2B only accounts for 7% of the total tau
phosphatase activity in human brain [18]. It is not clear at present what is the
pathophysiological significance of the partial cleavage and activation of PP2B in the
pathogenesis of AD. Altered calcium homeostasis in AD brain has been well documented
[44,45]. We found that the Ca2+-activated calpain I is cleaved and activated in AD brain
[27]. Hence, the cleavage and activation of PP2B and the resulting downstream cascade may
underlie the role of calcium dysregulation and calpain activation in the molecular
mechanism of AD. A recent study in cultured hippocampal neurons has shown that calpain-
catalyzed cleavage and activation of PP2B catalytic subunit mediate glutamate- and kainite-
induced excitotoxicity of the cells [26,46]. Another recent study reported that Aβ secreted
from cultured neurons of Tg2576 mouse causes the elevation of intracellular calcium and
activation PP2B, which in turn activates the transcriptional factor NFAT4 (nuclear factor of
activated T cells 4) and leads to dystrophic neurites, dendritic simplification, and dendritic
spine loss [47].

In summary, we have demonstrated that PP2B dephosphorylated tau at many sites in vitro.
The catalytic subunit of PP2B was partially truncated into 57 kDa in AD brains. The
truncation increased its activity to dephosphorylate tau in vitro and in cultured cells. PP2B
truncation in human brains was positively, rather than negatively, correlated to the
phosphorylation of tau at multiple phosphorylation sites. Taken together, our studies
indicated that PP2B does not regulate phosphorylation of tau in the brain significantly,
although it dephosphorylates tau at several phosphorylation sites in vitro.
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Fig. 1.
Truncation and activation of PP2B by calpain I in Alzheimer's brain. (A) PP2B activity
assayed using immunoprecipitated PP2B (left) or crude extracts of the temporal cortexes
from six AD and seven control brains. The assay was carried out by using 32P-tau as a
substrate and in the presence of 1.5 mM Ca2+ and 1.5 μM calmodulin. (B) Western blots of
the PP2B assay mixtures of crude extracts after incubation in the presence or absence of
Ca2+/calmodulin (CaM) for 20 min. Control incubation was carried out in the presence of
2.0 mM EGTA to chelate endogenous Ca2+. The blots were developed with antibodies to the
catalytic subunit of PP2B (PP2B A) and calpain I, respectively. (C) PP2B A was
immunoprecipitated from control brain extracts. The original extract (Input), the unbound,
and the immunoprecipitate (IP) were then analyzed by SDS-PAGE stained with Coomassie
blue (CB) and Western blots developed with antibodies to PP2B A or calpain I. Closed
arrowhead indicates PP2B catalytic subunit. Open arrowhead indicates calpain I band.
Closed arrows indicate the heavy chain of IgG. (D) The phosphatase activity of the
immunoprecipitated PP2B from control brain extracts was also assayed in the presence of
2.14 μM calpain I alone or together with 20 μM ALLN. **, p<0.01 vs. Control; ##, p<0.01
vs. Calpain I.
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Fig. 2.
Dephosphorylation of tau by overexpression of full-length and truncated PP2B in HEK293T
cells. The full-length (60 kD) or truncated (57 kD) PP2B catalytic subunit was transfected
together with human tau441 into HEK293T cells. After 48-h transfection, cell lysates were
subjected to Western blot analysis for determination of the level of PP2B expression (A) and
tau phosphorylation at individual phosphorylation sites recognized by the indicated
phosphorylation-dependent and site-specific tau antibodies (B). Quantification of the blots is
shown in (C), where the immunoreactivities of cell lysates with the full-length PP2B
overexpression were defined as 100.
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Fig. 3.
Immunohistochemical staining of PP2B A in human mid frontal cortex. Tissue sections from
control and AD brains were immunostained with anti-PP2B A. Arrows indicate neurons
with typical PP2B localization in control brains. Arrowheads indicate neurons showing a
shift of PP2B from the nucleus into cytoplasm in AD brains.
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Fig. 4.
Localization of the full-length and truncated PP2B. (A) The full-length (60 kDa) and
truncated (57 kDa) PP2B catalytic subunits tagged with myc were transfected into
HEK293T cells. After 48-h transfection, the cells were harvested, and the nuclear and
cytosal fractions were isolated. The equal amount of proteins of the cytosal and the nuclear
fractions were subjected to Western blots with anti-myc antibody. (B) The blots shown in
(A) were quantitated densitometrically, and the relative ratio of PP2B in the cytoplasm and
the nucleus was calculated. * p <0.05 for 57-kDa vs. 60-kDa PP2B. (C) The full-length (60
kDa) and the truncated (57 kDa) PP2B catalytic subunits tagged with myc were transfected
into HeLa cells. After 48-h transfection, the cells were immunostained with anti-myc
antibody for PP2B (green) and counter-stained with Hoechst staining for nuclear staining
(blue).

Qian et al. Page 14

J Alzheimers Dis. Author manuscript; available in PMC 2012 June 18.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 5.
Correlation analyses between phosphorylation levels of tau at individual phosphorylation
sites and PP2B truncation in human brains (six AD cases and seven controls). Tau
phosphorylation levels were determined by immuno-dot blots developed with
phosphorylation-dependent and site-specific tau antibodies. PP2B truncation was determined
as in Fig. 2A. Two lines indicate statistically significant coefficient p = 0.05 or p = 0.01.
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Fig. 6.
Truncation and tau phosphorylation in the frontal and temporal cortices. (A) Western blots
of the frontal and temporal cerebral cortical homogenates from six AD and seven control
brains, which were developed with antibody to the catalytic subunit of PP2B. (B) The
protein level of PP2B catalytic subunits of the same samples was measured by immuno-dot-
blots assay. (C) The blots in panel A were quantitated densitometrically, and the relative
ratios of the truncated (57-kDa) over the full-length (60-kDa) catalytic subunits of PP2B are
presented. (D) Levels of phosphorylation of tau in frontal and temporal cerebral cortical
homogenates from six AD and seven control brains were measured by immuno-dot-blots
developed with antibodies against tau phosphorylated at Ser262/Ser356 (12E8) and Ser396/
Ser404 (PHF-1), respectively. Dot blots with antibody R134d were included to detect the
total tau levels in the samples. (E) The blots in panel D were quantitated densitometrically. *
p < 0.05 for AD vs. control; # p < 0.05 for frontal vs. temporal cortices.
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