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Abstract
Tau hyperphosphorylation is thought to play an important role in the etiology of Alzheimer’s
disease by facilitating the formation of neurofibrillary tangles. Reducing phosphorylation through
kinase inhibition has therefore emerged as a target for drug development, but despite considerable
efforts to develop therapeutic kinase inhibitors, success has been limited. An alternative approach
is to develop pharmaceuticals to enhance the activity of the principal phospho-tau phosphatase,
phosphoprotein phosphatase 2A (PP2A). In this article we review evidence that this mechanism is
pharmacologically achievable and has promise for delivering the next generation of Alzheimer’s
disease therapeutics. A number of different chemotypes have been reported to lead to enhanced
PP2A activity through a range of proposed mechanisms. Some of these compounds appear to act
directly as allosteric activators of PP2A, while others act indirectly by inhibiting the binding of
PP2A inhibitors or by altering post-translational modifications that act in turn to regulate PP2A
activity towards phospho-tau. These results indicate that PP2A may provide a useful target that
can be safely, selectively and effectively modulated through pharmaceutical intervention to treat
Alzheimer’s disease.

The identification of disease-modifying agents for neurodegenerative disorders, particularly
Alzheimer’s disease (AD), is an area of active pursuit that remains an elusive goal for the
scientific and drug-discovery communities. Recent clinical disappointments have led to a re-
evaluation of the amyloid cascade hypothesis and engendered considerable interest in novel
targets for AD therapeutics [1-3], with a clear shift towards addressing tau rather than β-
amyloid pathology [4-8]. It has been shown that hyperphosphorylation of tau leads to
aggregation, formation of neurofibrillary tangles (NFTs), microtubule disruption and
neurodegeneration [9,10]. NFTs are a cardinal pathological hallmark of AD that have been
observed to be composed of hyperphosphorylated tau [11]. NFT formation is promoted by
tau hyperphosphorylation [12,13]. This strong disease-relevant tau biology has provided a
new therapeutic paradigm that focuses on developing small molecules targeted at this aspect
of AD pathology, either by inhibiting tau phosphorylation [14], blocking tau aggregation
[15-18] or otherwise rescuing tau-associated microtubule dysfunction [19,20]. An alternative
approach involves activation of phosphoprotein phosphatase 2A (PP2A), the key tau
phosphatase. This could be a viable alternative to kinase inhibition for developing novel
therapeutics for Alzheimer disease [21,22]. Recent results suggest that this is a
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pharmacologically tractable approach. In contrast with inhibiting tau kinases, upregulating
PP2A may prove to be a more practical approach for developing a single therapeutic agent:
multiple distinct protein kinases (e.g., GSK-3, MAPK, cdk5, CK-1, PKA, CaMKII and
MARK) have been implicated in tau hyperphosphorylation [23-25], while PP2A alone
accounts for over 70% of tau dephosphorylation [26]. Furthermore, PP2A activation would
be expected to have beneficial effects that extend beyond simply reducing the level of tau
phosphorylation [27], impacting a number of faulty signaling pathways that underlie
neurodegeneration, thus providing superior therapeutic efficacy. The design of phosphatase
inhibitors is well established in medicinal chemistry [28-30], but mechanisms of activation
are only beginning to be explored.

PP2A & neurodegeneration in Alzheimer’s disease
Reduced PP2A mRNA [31], protein [32] and phosphatase activity [32-34] have been
observed in postmortem brains from AD patients. There have also been reports of increased
levels of endogenous inhibitors of PP2A, such as inhibitor 2 (I2), along with their cleavage
and redistribution [35], which when overexpressed in an in vivo model result in cardinal
features of AD, including amyloid-β deposition, tau hyperphosphorylation,
neurodegeneration and cognitive deficits [36]. Decreases in PP2A carboxyl methylation
have also been observed [37,38]. Together, the end result is decreased PP2A activity in AD
brains, resulting in reduced dephosphosylation of tau and other phosphoprotein substrates.
Inhibition of PP2A in rodent brains by okadaic acid [39] or calyculin A [40] recapitulates
many of the hallmarks of neurodegeneration in AD, including amyloid deposition,
development of NFTs, neurodegeneration and cognitive deficits. Decreased PP2A activity
results in increased levels of protein phosphorylation. In AD, multiple phosphorylation-
dependent signal transduction pathways go awry. The most prominent evidence of this is the
hyperphosphorylated tau in NFTs. In addition to its tau phosphatase activity [26], PP2A acts
to dephosphorylate and inactivate kinases that phosphorylate tau [41]. The principal
hallmark of AD, deposition of amyloid plaques, is also subject to PP2A regulation.
Generation of amyloid β (Aβ) from amyloid precursor protein (APP) via secretases is
modulated by phosphorylation at APP-Thr-668 [42], at least in part via JNK [43]. Increased
APP phosphorylation, either directly through decreased activity of PP2A towards phospho-
APP, or indirectly through reduced phosphatase activity towards phospho-JNK, can result in
increased Aβ production and ultimately amyloid plaque formation. Terminal stages of AD
are characterized by neuronal cell death. Decreased PP2A methylation has been shown to
trigger apoptosis in neuroblastoma cell lines, and PP2A deficiency leads to activation of
kinases, including JNKs that can lead to AD-relevant neuronal cell death [44]. PP2A can
also influence other key apoptotic proteins including Bcl2 [45]. Cell-cycle progression is
highly dependent on PP2A, particularly in the G2/M phase transition, and in postmitotic
neurons, cell cycle re-entry can be induced by PP2A activation [46]. Triggering cell cycle
entry in neurons using SV40 in a conditional murine transgenic model resulted in the three
major pathological hallmarks of AD: amyloid plaques, NFTs and neurodegeneration [47].
SV40 small t-antigen bound to PP2A and inhibited its activity [48,49]. These data suggest
that PP2A dysfunction could trigger abnormal cell cycle re-entry that contributes to AD
pathogenesis. PP2A’s additional roles in cellular signaling pathways can all be connected to
possible mechanisms underlying AD [50]. Clearly, the reduced PP2A activity observed in
AD can be a root cause of multiple abnormalities observed in patients and a means to
maintain and enhance PP2A function may provide a useful therapeutic strategy.

PP2A structure & endogenous regulation of its activity
The PP2A holoenzyme is composed of a 36-kDa catalytic C subunit, a 65-kDa scaffold A
subunit and one of a series of regulatory B subunits that serve to regulate PP2A specificity,
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selectivity and localization (Figure 1) [50,51]. PP2A also interacts with inhibitory subunits
that block phosphatase activity, most notably I2 (also known as SET) [52]. PP2A also
appears to be regulated by kinase-dependent phosphorylation of the C subunit at Thr and
Tyr side chains [53]. Tyr-307 near the C-terminus has been the most thoroughly
characterized, its phosphorylation inhibits PP2A [53]. The C-terminal residue, Leu-309, is
the site of carboxyl methylation [54]. This unusual protein-modification chemistry is
regulated by two converter enzymes that appear to be completely specific for PP2A. The
PP2A methyltransferase (PPMT, also termed leucine carboxyl methyl transferase [LCMT])
transfers a methyl group from S-adenosylmethionine (SAM) to the C-terminal α-carboxyl of
the catalytic C subunit of PP2A. The demethylating enzyme, PP2A methylesterase (PME), is
a PP2A-specific methylesterase that catalyzes the hydrolysis of the Leu-309 methylester
with the formation of unmethylated PP2A and methanol [55]. The PME active site, which
only forms when PME binds to PP2A, contains a classic Ser-His-Asp catalytic triad [56].
Methylation has been shown to regulate PP2A phosphatase-specific activities and to
facilitate the association of different B subunits with the conserved PP2A AC catalytic core
[57,58].

Three major classes of endogenous small molecules have been shown to regulate PP2A
activity: metal cations, ceramides and polyamines. PP2A has a bimetallic phosphatase
active site that accommodates Mg(II) or Mn(II). The activity and specificity of PP2A
depends on the nature of the bound metal. PP2A is one of the prime targets for ceramide
regulation, and ceramide levels have been shown to increase three- to four-fold in AD [59].
In addition, polyamines such as protamine and polylysine appear to stabilize PP2A and
stimulate its activity [60]. These multiple regulatory interactions tightly control PP2A
function. These various loci for PP2A control may provide entry points for pharmacological
modulation of PP2A activity.

PP2A pharmacology
Increasing the activity of an enzyme is typically a challenging endeavor; however, the
regulatory interactions of PP2A do provide opportunities. Broadly, there are three potential
strategies:

▪ Inhibition of an inhibitory interaction;

▪ Modulation of post-translation modification enzymes;

▪ Allosteric activation.

In considering activators, it is important to keep in mind that because of the comprehensive
role PP2A plays in cellular phosphoregulatory networks, agents that are highly potent are
likely to be toxic. In this review we have subdivided known PP2A activators by structural
features into the chemical classes sphingoids, phenolics, cations, anions and others (Figure
2).

Sphingoid activators
C2, C6 and C10 ceramides, pyridinium analogs of C6 and C18 ceramides, FTY720, N,N-
dimethyl sphingosine, sphingosine and phytosphingosine comprise the sphingoid class
(Table 1). PP2A has been shown to be a principal target of ceramide signaling. Since the
initial report of ceramide’s direct allosteric activation of PP2A [61], it has subsequently been
demonstrated that ceramides promote PP2A activity towards some phosphoprotein
substrates [61,62], inhibit PP2A demethylation [63] and block I2 inhibitor binding [64].
Although D-erythro-C2-ceramide activates heterotrimeric (ABC) forms of PP2A, without
affecting the activities of either PP2A AC dimers or isolated PP2A catalytic C subunits. In
contrast with D-erythro-C2-ceramide, D-erythro-C6-ceramide activates monomeric PP2A
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composed of only the C subunit [65]. The specific chemical variations within this class have
differing effects depending on the multimeric form of PP2A. While B56 (B′α)-containing
PP2A was erythro-selective, B55 (Bα)-containing isoforms could be activated by both
erythro- and threo-isomers. From a screen of various lipids and sphingosine derivatives, the
key features required for PP2A activation appear to be a trans double bond, an aliphatic
amide (C10 > C6 > C2 > C18) and an unsubstituted terminal hydroxy group. D-erythro-C18-
ceramide appears to be highly stereospecific and increased PP2A activity two- to six-fold
towards phosphorylated myelin basic protein (pMBP) at high micromolar concentrations. In
the presence of Mn2+, activation by ceramide was increased by 175%, and could be
increased further by manipulating solvent conditions. Conversely, at low micromolar
concentrations, D-erythro-C18-ceramide had an inhibitory effect on heterotrimeric PP2A
complexes and isolated catalytic C subunits [66].

The mechanism of activation of heterotrimeric PP2A by ceramides is still unclear. In vitro
studies indicate that ceramide binding may promote the dissociation of B subunits, causing a
two- to seven-fold increase in Vmax and a 1.6- to five-fold increase in Km of the resulting
AC dimers [67]. In cells, however, D-erythro-C2-ceramide inhibits PP2A demethylation,
thereby increasing the affinity of AC dimers for Bα or B′α subunits [63]. D-erythro-C6-
ceramide has been shown to specifically bind to I2, but not to inhibitor 1 (I1) [63]. The
ceramide binding site was mapped by site-directed mutagenesis and the VIK/SSS mutant of
I2, which does not bind D-erythro-C6-ceramide, also does not affect PP2A activity.
Interestingly, I2 has shown a preference for binding C6 and C18, but not C16 ceramides
[64]. There has been no biochemical evidence of rescue or activation of PP2A by C6-
ceramide in the presence of I2 [64]. On the other hand, the positively charged C6-ceramide
pyridinium analog, D-erythro-C6-pyr-ceramide, is an effective activator of PP2A [64] that
interacts with PP2A as both a direct allosteric activator and as an inhibitor of I2 inhibition.
The cationic nature of these analogs may contribute to PP2A activation [68]. The data
indicate that the D-erythro geometry as well as the double bond, amide and unprotected
terminal hydroxyl moieties are critical.

Sphingosine, sphingosine phosphate, ceramide phosphate, 1-O-methyl-C6-ceramide, or
dihydro analogs of C6-pyr-ceramide did not prevent I2 inhibition of PP2A [64]. The
compounds share structural features with ceramides and similar to ceramides, they serve as
allosteric activators of PP2A [61,65]. The observed range of PP2A activation was from 1.2-
to 3.5-fold in biochemical assays [64], and cellular assays indicate as much as tenfold
activation towards some phosphoprotein targets [63]. FTY720, a sphingosine analog that
was developed as an immunosuppressive agent, was found to activate PP2A phosphatase
activity towards phosphorylase a, with selectivity over PP1 [69]. The substrate specificity of
FTY720-activated PP2A in cellular assays indicates reduced phosphorylation of ERK, but
no effect on the phosphorylation status of Akt and STAT3 [70]. This selectivity depends on
cell type, since in Jurkat cells Akt and p70(S6k) were dephosphorylated in response to
treatment with FTY720 [69]. Treatment with 10 μM FTY720 failed to dephosphorylate
pBcl-2 in cells [70], contrasting with effects of D-erythro-C2-ceramide [63]. Another
mechanism of relevance to this class of compounds is through binding to ANP32A (acidic
nuclear phosphoprotein 32 family member A), a protein inhibitor of PP2A. N,N-
dimethylsphingosine (DSM) binds with high affinity to ANP32A [71]. This mechanism is
similar to ceramide binding to I2; however, there is selectivity since DSM, sphingosine and
phytosphingosine bind to ANP32A, while ceramide does not. DSM effectively rescues
PP2A activity when incubated with PP2A AC dimers in the presence of ANP32A using
phosphorylated histone as a substrate. Limited SAR data suggests that a terminal
unprotected hydroxyl group is important as sphingosine-1-phosphate does not bind to
ANP32A. The importance of a double bond is somewhat unclear since dihydrosphingosine
does not bind to ANP32A but phytosphingosine, which also lacks this moiety, does. This
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may provide an explanation for the activation of PP2A by sphingosine and phytosphingosine
previously observed in cells [72].

While data suggest that inhibiting ANP32A is the mechanism of PP2A activation for DMS,
sphingosine and phytosphingosine, so far there is no solid evidence that these compounds
could activate PP2A directly or share a binding site with other molecules from the sphingoid
class. Nevertheless, it appears that sphingoid PP2A activators share the same mode of action
by targeting protein–protein interactions between the phosphatase and its inhibitory
interacting partners - I2, ANP32A or PME. Furthermore, given obvious structural
similarities, and reported SAR, it would not be surprising if the sphingoids have a distinct
PP2A binding site that has yet to be fully characterized. Finally, these small molecules have
been shown to activate PP2A towards various pathways involved in cancer and
inflammation; however some of them also activate the B55-containing isoform of PP2A –
the major phosphatase for tau, warranting future evaluation of sphingoids in the context of
AD.

Phenolic activators
The class of phenolic activators loosely encompasses certain quinolones and tetralones [73],
methyl-3,5-diiodo-4-(4′-methoxyphenoxy) benzoate (DIME) [74], dihydroxy phenylethanol
[75], α-tocopherol [76] and eicosanoyl-5-hydroxytryptamide (Table 2) [77].

Exploration of quinolone and tetralone analogs indicate that, depending on substitution
pattern, these compounds exhibit three distinct PP2A activities [73]:

▪ Inhibition of basal PP2A activity;

▪ Inhibition of C2-ceramide activation;

▪ Amplification of C2-ceramide activation.

Inhibition of basal PP2A activity by these compounds has been suggested to be driven by a
simple switch from methylated to free phenolic moieties. It is, however, likely that other
structural features might also be important because similar polyphenols, such as quercetin
and genistein, have no inhibitory activity [73]. Remarkably, with the exception of a few
PP2A polyhydroxy inhibitors, no other reported quinolone and tetralone derivatives had any
effect on PP2A activity in the absence of C2 ceramide, with the majority of methylated
phenolic derivatives activating PP2A up to fivefold in the presence of ceramide. 2-(3,4-
dihydroxyphenyl) ethanol (DPE) has the least number of structural features required for
selective PP2A activation over PP1 [75]. Recombinant C subunit treated with DPE showed
dose-dependent activation of PP2A, while there was no effect of DPE on the catalytic
subunit of PP1. Methyl-3,5-diiodo-4-(4′-methoxyphenoxy) benzoate (DIME), but not its 4′-
propoxy analog has been reported to activate cell-derived PP2A up to 250% with
phosphorylated histone as a substrate [74].

Effects of tocopherols (vitamin E) on PP2A are intriguing and complex [76]. There appear
to be at least three ways that tocopherols influence PP2A activity:

▪ Ceramide-independent activation [76];

▪ Ceramide-dependent phosphatase activation [78];

▪ Altered states of C-subunit carboxyl methylation through inhibition of
methylating and demethylating enzymes [78].

While tocopherols may arguably be similar in molecular shape to sphingoids, and in other
structural features to phenolic activators, we include them in the phenolic class because they
exhibit cooperativity with ceramide to activate PP2A, similar to tetralones. All these effects
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of tocopherol on PP2A may have contributed to variable effects of vitamin E treatment in
clinical trials for AD [79]. Eicosanoyl-5-hydroxytryptamide (EHT) shares lipid-like and
phenol-like properties similar to tocopherols. It appears to activate phosphatase activity by
inhibiting interactions with PME1 in vitro and in vivo [77].

Cationic activators
PP2A is activated by basic amines, including protamine (EC50 ~1 μM) and polylysine (EC50
0.2-0.3 μM) [60], which are positively charged at physiological pH (Table 3). While these
interactions could, at least to some degree, reflect dependence of PP2A activity on ionic
strength [68,66], this class can be further defined by the recent discoveries of positively
charged modulators of PP2A such as C6-pyr-ceramide [64], certain ApoE peptide
derivatives [201] and memantine [81]. These compounds activate PP2A by blocking its
interaction with I2. Memantine reduces tau hyperphosphorylation in vitro by blocking I2
inhibition of PP2A. In the absence of I2, memantine does not activate PP2A, but in the
presence of 5-nM I2, memantine restored phosphatase activity towards phosphorylated tau
[80]. Memantine’s structure does not offer many clues as to how it interacts with PP2A
other than a basic amino group that is charged at physiological pH and highly lypophilic
adamantane moiety.

Anionic activators
This class of PP2A activators encompasses xylulose-5-phosphate [81], heparine [60] and
sodium selenate (Table 4) [82].

Xylulose-5-phosphate, but not other sugar phosphates, was reported to activate PP2A
isolated from rat liver [81]. The activation of liver PP2A by xylulose-5-phosphate appears to
be part of a specific mechanism to regulate carbohydrate metabolism. Xylulose-5-phosphate
is a highly polar anionic molecule whose structural features are very different from other
PP2A activators and, therefore, it possibly has a distinct binding site. Heparine, a polymer
consisting of repeated highly anionic amino sugar sulfate units, stimulates PP2A
phosphatase activity towards phosphorylase A by PP2A [60]. Sodium selenate is another
negatively charged anionic compound that activates PP2A in vitro and in vivo [82].
Furthermore, sodium selenate reverses memory deficits and reduces tau phosphorylation in
models of AD [82,83]. Sodium selenate appears to reduce phosphorylated tau via PP2A
activation in vivo, supporting the proposed role for selenium in AD and cognitive decline
[84-86]. PP2A activation by sodium selenate appears to be selective towards phosphorylated
tau in vivo and has no apparent adverse effects that might be associated with indiscriminate
PP2A activation.

Other potential PP2A activators
More than a dozen small molecules known to activate PP2A in cellular assays have also
been identified. While some have structural similarities with the PP2A activators discussed
above, they have not been characterized in vitro, and it is unclear whether they act on PP2A
directly or indirectly. Among cell-based PP2A activators, the following have been reported:
palmitic acid [87], melatonin [88], troglitazone [89], progesterone [90], dithiolethione [91],
taurolidine [92], forskolin and related compounds [93,94], 4-hydroxynonenal [95,96],
ebelactone B [97], epigallocatechine gallate [98] and 1,8-naphthyridines [99]. The
mechanisms underlying the effects of these compounds on PP2A could be variable, for
example, thiaziolodinediones (e.g., troglitazone) may act by enhancing PP2A gene
expression [100].
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General properties & considerations of PP2A activators
Apart from tetralones and ceramides, very few SAR studies have been reported for PP2A
activators. Generalizations of structural requirements for different activator chemotypes are
based on meta-analyses of data from biochemical assays carried out by different research
groups using a range of different conditions, phosphorylated substrates and PP2A isoforms.
As PP2A is a ubiquitous regulator of many biological processes, selectivity of small-
molecule activators is critical. Studies of PP2A activation have employed a wide range of
phosphoprotein, phosphopeptide and small-molecule substrates. The most commonly used
substrates, p-nitrophenyl phosphate (pNPP) and phosphorylase A, are not physiologically
relevant to PP2A function in neurons. Despite these complications in interpretation, it is
clear that there are a number of PP2A-activating compounds and mechanisms indicating the
pharmaceutical potential of targeting PP2A for therapeutic intervention in AD.

Most activators share some structural features, such as distinctly lipophilic ridges or side
chains with H-bond donors. While it is tempting to interpret some of these properties as
defining a binding site, reports suggest that there is likely to be more than one activation site
on PP2A [73]. Furthermore, molecules that activate PP2A by blocking the effects of
inhibitors such as I2 or PME may not share the same binding sites as direct PP2A activators.
With the exception of sodium selenate and xylulose-5-phosphate, physicochemical
properties of molecules directly interacting with PP2A are generally defined by a rather
narrow range of surface area (29.5 < TPA < 74.6) and high lipophilicity (0.81 < cLogP <
10.51) (Figure 3). These properties indicate that they have reasonable expectations to be
brain–blood barrier permeable (LogBBB > -1) [101], and therefore able to reach PP2A in
the target compartment in humans.

Future perspective
Activation of PP2A by small molecules offers a new therapeutic strategy to treat AD and
other neurodegenerative disorders, including tauopathies such as frontotemporal dementias
that may provide more straightforward development paths. While the field of PP2A
activators is only beginning to be explored, and well-defined comprehensive and systematic
analyses are lacking, the currently available literature offers substantial evidence of the
drugability of this target. There are clearly defined mechanisms through which this can be
achieved, through direct interaction with PP2A, inhibition of interactions with proteins such
as I2, and modulation of post-translational modifications such as carboxyl methylation.
Therefore, traditional medicinal chemistry can be deployed to identify PP2A-enhancing
molecules. The ubiquitous distribution of PP2A and its broad range of substrates raise safety
concerns for the use of pharmaceuticals that target PP2A. Such considerations suggest that,
rather than seeking higher specificity and potency, a novel ‘systems pharmacology’
approach may be desirable, employing agents that act in more subtle ways to modulate
PP2A function. Moreover, the findings outlined in this review indicate that specificity can
be achieved by drugs that perturb the protein–protein interactions that control the balance
between different PP2A holoenzyme subtypes. This raises the possibility that selective
pharmaceutical activation of PP2A towards specific classes of phosphoprotein substrates
may provide safe and efficacious therapeutic opportunities for the prevention and treatment
of AD and related neurodegenerative diseases.
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Glossary

Alzheimer’s disease The most common neurodegenerative disorder and cause of
dementia with a prevalence of over 26 million cases worldwide

Tau Microtubule-associated protein that regulates protein
trafficking and neuronal function. Tau dysfunction through
hyperphosphorylation is a primary defect in Alzheimer’s
disease

Neurodegeneration Progressive loss of neurons in the brain through cell death that
leads to conditions such as Alzheimer’s disease

Phosphoprotein
phosphatase 2A

The major serine/threonine dephosphorylating enzyme present
in the brain

Ceramides Sphingolipids present at high concentrations in cells and
involved in cellular signaling events
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Executive summary

▪ Phosphoprotein phosphatase 2A (PP2A) is a target strongly linked through
pathological findings and mechanistic relevance to Alzheimer’s disease.
Deficiencies in PP2A’s phosphatase activity are associated with multiple
pathological hallmarks of the disorder, therefore enhancing its activity is an
attractive target for drug development.

▪ Tight regulation of PP2A occurs due to its critical roles in cellular function.
Mechanisms to modulate its function provide unique opportunities for
pharmacological intervention that can upregulate PP2A’s activity. Direct
interaction at allosteric sites, disruption of inhibitory protein–protein
interactions and modulation of post-translational modifications provide entry
points for pharmacological enhancers of PP2A function.

▪ Multiple chemical classes of PP2A enhancers have been identified, including
sphingoid, phenolic, anionic and cationic classes. Pharmacological
tractability of PP2A enhancement is demonstrated by multiple chemotypes
being efficacious and selective towards specific PP2A isoforms.

▪ Comparison of data across studies is complicated by differences in assay
systems, PP2A composition and substrates. A systematic evaluation of
chemistries across defined conditions will further illuminate the relative
value of identified PP2A modulators.

▪ Properties of identified PP2A enhancers indicate that they are generally
likely to be able to cross the blood–brain barrier and, thus, able to reach the
target compartment for CNS conditions such as Alzheimer’s disease.

▪ Demonstrating that PP2A enhancers can be safely, selectively and effectively
deployed in the clinic is the next hurdle to prove the value of this mechanism
for neurodegenerative disorders.

▪ Enhancement of PP2A function has the potential to provide the next
generation of Alzheimer’s disease therapeutics acting through a novel
mechanism to truly modify the course of disease progression.
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Figure 1. PP2A is a heterotrimeric holoenzyme that is regulated by multiple endogenous
mechanisms
Catalytic C subunit (green), scaffolding A unit (red) and regulatory B subunit (blue) form
the trimeric enzyme.
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Figure 2. Major classes of PP2A activating compounds
Exemplifying structures of compounds in each class.

Voronkov et al. Page 16

Future Med Chem. Author manuscript; available in PMC 2012 March 2.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3. Physiochemical properties of molecules interacting directly with PP2A
(A) Compound distribution according to total polar surface area, and cLogP. (B) Compound
distribution predicts BBB permeability, by LogBBB against cLogP, total polar surface area
and cLogP were calculated using JChem software. LogBBB was calculated as in [101].
BBB: Blood–brain barrier.
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