Int. J. Pharm. Investigation, 2023; 13(4):711-720.
https://www.jpionline.org

Review Article

Protein Phosphatase 2A Activation for the Treatment of
Alzheimer Disease-Promises and Challenges

Prasenjit Mondal’, Saptarshi Samajdar’*, Suman Acharyya?, Sumanta Mondal®

Department of Pharmaceutical Technology, Brainware University, Ramkrishnapur Road, Kolkata, West Bengal, INDIA.
’Department of Pharmaceutical Chemistry, Netaji Subhas Chandra Bose Institute of Pharmacy, Tatla, Roypara, Chakdaha, Nadia,

West Bengal, INDIA.

3Department of Pharmaceutical Chemistry, GITAM School of Pharmacy, GITAM University, Gandhinagar, Rushikonda,

Vishakhapatnam, Andhra Pradesh, INDIA.

ABSTRACT

Alzheimer's disease is a progressive brain condition. It is characterized by alterations in the brain
that result in the deposition of certain proteins. The brain shrinks and finally dies as a result of
Alzheimer's disease. Over the years there has been very concerned efforts to control Alzheimer's
disease with strategies like vaccinations but all off them failed in phase three trial. This leads
to exploration of new strategy like activation of Protein Phosphatase 2A (PP2A) to control the
tau phosphorylation in Alzheimer’s. In this review, a comprehensive review regarding activation
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of PP2A using drugs like metformin, sphingosides, ceramides, folate and xylulose 5 phosphate,

Sodium selenate, Adamantane derivatives, phenolic derivatives, Isoquinolones and Tetralones.
Therefore, this approach can offer a fresh glimmer of hope for the treatment of Alzheimer's

disease.
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INTRODUCTION

Alzheimer's Disease (AD) is the highly prevalent type of
dementia, according to medical literature. The condition,
which gets worse over time and eventually results in death, has
no known total cure. Alois Alzheimer, a German psychiatric
and neuropathologist, first described it in 1906, and he is the
inspiration for its name. There are a number of theories as to what
causes this condition, one of the oldest of which is the cholinergic
hypothesis,' according to which the development of AD is sped
up by a deficiency in cholinergic signalling. The isoprenoid
hypothesis demonstrated isoprenoid changes in AD,? which are
distinct from the symptoms seen in normal ageing, which is why
it is referred to as premature ageing. The amyloid hypothesis**
describes the formation of aggregated amyloid fibrils, which are
one of the toxic forms of protein. The tau hypothesis is one of the
most recent hypotheses in which amyloid plaques are formed that
have no relation to neuronloss,’ and tau is the main causative factor
of this hypothesis. The loss of microtubule-stabilizing tau protein,
which leads to cytoskeleton degradation, has been proposed as
a mechanism for neurotoxicity. Current treatments only address
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the disease's symptoms. There are no treatments available that
can stop or reverse the progression of the disease. The number of
people who will have the condition by 2050 will be astonishing-100
million. As of 2022, more than 1,000 clinical studies testing
various drugs for Alzheimer's disease have been completed or
are ongoing. In both mild and moderate Alzheimer's disease,
acetyl cholinesterase inhibitors like donepezil, rivastigmine,
and galantamine offer momentary relief, while memantine,
a low-affinity N-methyl D-aspartate receptor antagonist, is
permitted for use in moderate-to-severe Alzheimer's disease.®
Huperzine A has also attracted the attention of US medical
researchers. It can also be used to treat diseases characterised
by neurodegeneration. As a result, Huperzine A has been
discovered to be an inhibitor of the enzyme acetylcholinesterase.”
Though some of them are currently undergoing clinical trials
for Alzheimer's disease, one strategy has been used to develop
vaccination therapies, and the field of Alzheimer's research has
recently been shaken by three phase failures. Phase 3 clinical
trials for vaccine development and grounds for their rejection
included: a) Semagecestat (LY450139), a gamma secretase
inhibitor that prevents the generation of the A Beta peptide,
failed to meet its key end goals in 2011. Bapineuzumab (Pfizer/
Janssen Alzheimer Immunotherapy) and solanezumab, two
anti-Abeta monoclonal antibodies that were being investigated in
phase 3 studies, failed to achieve their key end goals, which were
an improvement in cognition and daily living activities. c¢) The
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failures of Tarenflurbil Phase 3 in 2008 and Tramiprosate Phase
3 in 2007.® The development of above amyloidcentric vaccines
based on the amyloid cascade hypothesis failed in phase three
trials. This failure of vaccination therapy suggests that we might
be able to treat Alzheimer's disease by activating PP2A. (Protein
Phosphatase 2A enzyme). Because a very low level of this enzyme
was sufficient to cause Alzheimer's disease, researchers focused
on activating this enzyme or inhibiting the generation of PP2A
inhibitors by new chemical entities, which became the new trends
in Alzheimer's drug discovery.

PP2A as Emerging Target

While the pharmaceutical industry has invested a lot of time
and energy in the search for and development of anti-amyloid
agents, little has been done to pinpoint candidates that could be
turned into drugs to inhibit tau protein phosphorylation. Due to
the drawbacks of AChEI (Acetyl Choline Esterase Inhibitor) and
vaccine therapy in the course of illness, a novel and appealing
strategy was developed by boosting PP2A activity. By boosting
and inhibiting the enzymes that controlled the phosphorylation
and dephosphorylation of the tau protein, phosphorylation of
the tau protein could be decreased. As a result, a new strategy
for developing PP2A agonists to control tau phosphorylation in
Alzheimer's disease has been discovered.’

STRUCTURE OF PP2A

Protein Phosphatase 2 (PP2), sometimes referred to as PP2A, is
an enzyme that is produced in humans by the PPP2CA gene.'’ A
commonly present and conserved serine/threonine phosphatase
with a wide range of biological uses is the PP2A heterotrimeric
protein phosphatase (Figure 1). The structural A subunit, the
regulatory B subunit, and the catalytic C subunit are the three
subunits that make up the dimeric core enzyme PP2A. There
are multiple different kinds of holoenzymes with unique roles
and characteristics that are created when the PP2A catalytic
C subunit connects with the A and B subunits. The A subunit
(Huntington-elongation-A subunit-TOR), a founding member of
the HEAT repeat protein family, serves as the scaffold necessary
for the assembly of the heterotrimeric complex (Table 1)."! Even
if the B subunit is absent, the enzymatic activity of the catalytic
subunit is completely altered when the A subunit binds. Even
though the C and A subunits are in order, there is a remarkable
amount of variation between eukaryotes. The more varied
regulatory B subunits have been found to be essential in regulating
the location and particular activity of different holoenzymes."

REGULATIONS OF PP2A IN CONTROLLING
ALZHEIMER’S DISEASE

The treatment of Alzheimer's disease and related studies clearly
linked PP2A to various levels of Alzheimer's disease (Figure
2). We can control Alzheimer's disease by lowering mRNA
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expression and encoding the PP2A catalytic subunit. A protein
called Inhibitors 2 (I2) that binds to and inhibits PP2A is highly
expressed in Alzheimer's brain.*'* According to a number of
biochemical studies, the abilities of various PP2As preparations
immunoprecipitated from human brain, which were used
to dephosphorylate the hyperphosphorylated tau, and thus
phosphoprotein tau phosphatase appears to play a significant
role.'® As a result, decreased PP2A activity is a major contributor
to increased tau phosphorylation and NFT (Neurofibrillary
Tangles) pathology."”

When the activity of the PP2A enzyme is reduced, the levels
of protein phosphorylation rise. Folate deficiency worsens
Alzheimer's symptoms and increases tau phosphorylation.
The hyperphosphorylated tau in NFTs is the most visible
evidence of this. Along with tau phosphatase activity, PP2A also
dephosphorylates and inactivates kinases's that phosphorylate
tau.’ PP2A controls the formation of amyloid plaques, the main
cause of Alzheimer's disease. The production of Amyloid (A) from
Amyloid Precursor Protein (APP) via secretases is modulated by
phosphorylation at APP-Thr-668, at least in part via JNK (c-Jun
N-terminal Kinases).! Through decreased PP2A activity towards
phospho-APP or indirectly through decreased phosphatase
activity towards phospho-JNK, increased APP phosphorylation
can lead to increase Amylose (A) production and, ultimately, the
formation of amyloid plaques. Alzheimer's disease's last stages
are marked by neuronal cell loss. In neuroblastoma cell lines,
decreased PP2A methylation has been found to cause death, and
PP2A deficiency results in kinase activation, which in turn causes
tau hyperphosphorylation, which promotes NFT production
and microtubule disruption. Alzheimer's disease is brought on
by NFTs, amyloid plaques, phosphotylated tau, phosphorylated
phosphoprotein, disordered microtubules, and other factors.?>*

DRUGS USED FORTHE ACTIVATION OF PP2A IN
CONTROLLING ALZHEIMER'S

Metformin as MID1-a4 (Midline-1 Alpha Four)
protein complex inhibitor

Metformin inhibits tau phosphorylation by inhibiting the protein
phosphatase 2A enzyme. Metformin increases PP2A activity and
decreases tau phosphorylation.* Okadic acid and fostreicin, two
PP2A inhibitors, totally limit this tau dephosphorylating ability,
demonstrating that PP2A is a key mediator of the observed
effects. According to Kickstein et al., the effects of metformin on
PP2A activity and tau phosphorylation appear to be unrelated
to AMPK (5' AMP-activated protein kinase) activation. Tau
phosphorylation is unaffected by AICAR (5-aminoimidazole-4
-carboxyamide ribo nucleotide), the AMPK activator, while
metformin decreases AMPK activity while increasing PP2A
activity. Finally, research using affinity chromatography and
immunoprecipitation demonstrates that metformin prevents the
catalytic subunit of PP2A (PP2Ac) from joining the so-called
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Figure 1: Structural features of PP2A.

MID1-4 protein complex. The complex that develops controls
PP2Ac degradation and affects PP2A activity.”

CERAMIDES

This is the waxy lipid molecule family. Ceramides are made up
of sphingosine and a fatty acid. These can only be found in high
concentrations within the cell membranes.”® Dobronsky et al.
demonstrate that PP2A and CAPP (Ceramide Actived Protein
Phosphate) have similar properties in T9 glioma cells and rat
brain, leading to the hypothesis that ceramide has direct catalytic
activity on PP2A. C-2 ceramides can increase PP2A activity by up
to 3.5 times. Actually, PP2A requires a free B subunit for ceramide
activation, and ceramides containing hexanoyl, decanoyl, and
myrestoyl improve PP2A activity.”*

SPHINGOSIDES

These lipids have sphingoid bases as their backbone, a class of
aliphatic amino alcohols that also contains sphingosine. They
were named after the mythical sphinx due to their riddle after
being found in brain samples in the 1870s. Unexpectedly,
medications such FTY720 (Fingolimod), 1, 9-dideoxy-forskolin,
and forskolin activate PP2A. The Indian Coleus (Coleus forskohlii)
plant produces the labdane diterpene forskolin, often known as
coleonol.**® Forskolin displays activation and overexpression of
Protein Phosphatase-2A (PP-2A) when administered at 200mM,
according to Qing Tian et al.'s study with the supplement, and
it also shows promise in reducing the okadaic acid-induced
PP-2A inhibition.” Fingolimod was created chemically from the
Immunosuppressive natural substance myriocin (ISP-I).*>** Oaks
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J.J. et al. reported that FTY720 (2-amino-2-[2-(4-octylphenyl)
ethyl]-1,3-propanediol hydrochloride, fingolimod, Gilenya)
activated PP2A in PV model cell lines.

FOLATE AND XYLULOSE 5 PHOSPHATE

In numerous studies, E. Sontag and J.M. Sontag et al. have
demonstrated that methylation of the PP2AC catalytic subunit
directly affects the recruitments of specific B regulatory subunits
to the PP2A heterodimeric complex, and thus would be expected
to promote the dephosphorylation of its substrate.

The methylation of the c-terminal leucine 309 promotes the
assembly of the B, PP2ABC complex, which in turn promotes
tau dephosphorylation. The rate-limiting step in this process is
the regulation of the PP2AC catalytic subunit by S- Adenosine -L
Methionine (SAM) dependent methyl transferase.

Increasing the levels of SAM precursors, such as Folate and
especially methyl folate, promotes PP2AC methylation and the
formation of a B-containing PP2A complex, which leads to
increased tau dephosphorylation.’>** M.A Davare et al. described
xylulose 5 phosphate as another potential agent that enriches
PP2A activation by increasing methylation of the PP2AC catalytic
subunit. It is a glucose metabolic compound that recruits and
activates PP2A via the glycolytic and lipolytic pathways.”

SODIUM SELENATE

Sodium Selenate regulates the function of the PP2A phosphatase
protein, which is important in angiogenesis and has been linked
to Alzheimer's disease progression. Niall M. Corcoran et al.
demonstrated that sodium selanate specifically activates PP2A
phosphatase and dephosphorlates tau by demonstrating that
sodium selate acts as a specific agonist for PP2A by improved
phosphatase activity in transgenic TAU441 old mice. According
to research, sodium selenate is an ideal PP2A stimulator with
significant efficacy in inhibiting angiogenetic signalling.*®

Niall M. Corcoran et al. discovered that sodium selenate reduces
tau phosphorylation both in vitro and in vivo in their study. It has
also been shown in clinical studies to improve contextual memory
and motor performance while preventing neurodegeneration.
Sodium selenate, in particular, reduces tau pathology in the PP2A
phosphatase protein.” The aforementioned information provides
strong support for the use of sodium selenate in early clinical
trials with patients who have Mild Cognitive Impairment (MCI)
or mild Alzheimer's Disease (AD).

ADAMANTANE DERIVATIVES

Memantine is the first drug in a new class of Alzheimer's disease
treatments. Eli Lilly and Company was the first to synthesize
it in 1968. Memantine is marketed under the brand name.
Memantine (Figure 3A) has been shown to have a minor effect
in moderate-to-severe Alzheimer's disease® and Lewy body
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Gene

PPP2RI1A

PPP2R1B

PPP2R2B

PPP2R2C

PPP2R2D

PPP2R3A

PPP2R3B

PPP2R3C

PPP2R4

PPP2R5A

PPP2R5B

PPP2R5C

PPP2R5D

PPP2R5E

PPP2CA

PPP2CB

Table 1: Isoforms of PP2A.

Description

Regulatory subunit A alpha isoform
with atomic mass of 65kDa.

Regulatory subunit A beta isoform
with atomic mass of 65kDa.

regulatory subunit B beta isoform
with atomic mass of 55kDa.

regulatory subunit B gamma isoform
with atomic mass of 55kDa.

Regulatory subunit B delta isoform
with atomic mass of 55kDa.

Regulatory subunit B” subunit alpha
with 70/130 kDa.

Regulatory subunit B" subunit beta
with atomic mass 48 kDa.

Regulatory subunit B" subunit
gamma.

PP2A regulatory subunit B

Regulatory subunit alpha isoform
with atomic mass 56kDa.

Regulatory subunit beta isoform with
atomic mass 56 kDa.

Regulatory subunit gama isoform
with atomic mass 56 kDa.

Regulatory subunit delta isoform with
atomic mass 56 kDa.

Regulatory subunit epsilon isoform
with atomic mass 56kDa.

Serine/threonine-protein phosphatase
2A catalytic subunit alpha isoform.

Catalytic subunit beta isoform.

Functions

Serves as a scaffolding molecule to coordinate the assembly of
the catalytic subunit and negative control of cell growth and
division.

This gene encodes a beta isoform of the constant regulatory

subunit A. Defects in this gene could be the cause of some lung
and colon cancers.

It modulates substrate selectivity and catalytic activity. Defects
in the 5' UTR of this gene may cause a rare form of autosomal
dominant spinocerebellar ataxia.

It may modulate the catalytic activity and substrate selectivity. It
is also implicated in the negative control of cell growth.

The activity of PP2A complexes containing PPP2R2D
(PR55-delta) fluctuate during the cell cycle: the activity is high
in interphase and low in mitosis.

The regulatory subunit is encoded by a diverse set of genes
that have been grouped into the B/PR55, B'/PR61, and B"/
PR72 families. Alternative splicing results in multiple transcript
variants encoding different isoforms.

The product of this gene belongs to the beta subfamily of
regulatory subunit B". Alternative splicing results in multiple
transcript variants encoding different isoforms.

that catalyze the removal of phosphate groups from serine and/
or threonine residues by the hydrolysis of phosphoric acid
monoesters. They directly oppose the actions of kinases and
phosphorylases and therefore play an integral role in many
signal transduction pathways.

The regulatory subunit is encoded by set of genes that have
been grouped into the B/PR55, B'/PR61, and B/PR72 families.
it shows distinct enzymatic specificities and intracellular
localizations to the holozenzyme.

The regulatory subunit might modulate substrate selectivity
and catalytic activity. This gene encodes an alpha isoform of the
regulatory subunit B56 subfamily.

The B regulatory subunit improve substrate selectivity and
catalytic activity. This gene encodes a beta isoform of the
regulatory subunit B56 subfamily.

This gene encodes a gamma isoform of the regulatory subunit
B56 subfamily. The B regulatory subunit modulate substrate
selectivity and catalytic activity.

It is involved in the negative control of cell growth and division
and improve substrate selectivity.

This gene encodes an epsilon isoform of the regulatory subunit
B56 subfamily and it modulates catalytic activity.
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Figure 2: Schematic representation of PP2A’s control over Alzheimer’s disease.

dementia.*** Despite years of study, there is little evidence of a

benefit in mild Alzheimer's disease.”

According to the study by Chan, S.E. et al., memantine, a low to
moderate potency, noncompetitive inhibitor of glutamate gated
NMDA receptor channels, is effective in improving functional

outcomes in AD patients.

It has been demonstrated that the NMDA receptor and PP2A
are in a complex, and activation of this receptor results in PP2A

dissociation and a subsequent drop in PP2A activity.”

In another study, Muhammad Omar Chohan et al. discovered
a novel mechanism in which intracellular PP2A activity is
regulated by I, PP2A, which also regulates tau phosphorylation
and memantine modulates PP2A expression and inhibits

neurodegeneration.”

According to Parsons CG et al., charged amino containing

substitutions at R6 in aminoalkyl cyclohexane (Figure 3B) with

International Journal of Pharmaceutical Investigation, Vol 13, Issue 4, Oct-Dec, 2023

methyl substitutions at R1, R2, and R5, at least one methyl or
ethyl substitution at R3 and R4, and substitutions at R3 and R4
could be helpful therapeutics in a variety of CNS disorders linked

to disruptions of glutamatergic neurotransmission.™

Adamantane group

NH,*CI-

CHj

(A)

Figure 3: A. Structure of Memantine Hydrochloride B. Basic structure of
aminoalkyl cyclohexane.
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Table 2: Structure and mechanism of action of the PP2A activator.

Drugs Structure MOA

Metformin b Interferes with the
association of the

TRTTOTHT TR
| H catalytic subunit of PP2A

(PP2Ac) to the so-called
MID1-a4 protein
complex.”

D erythro C-18 ceramide, on Interact with

B C6 ceramide, ho I Nk I2PP2A to iflhil‘)“i)t its

C6 Pyridinium ceramide, HM.__O OGP0,

C16-C18 endogeneous ceramide. I

R= Alkyl portion of fatty acids.

Xylulose-5 phosphates. (1) Boosting the level
Levomefolic acid (2). . " of SAM precursors
s and enhancing the
T RhA e methylation of PP2A
catalytic subunit.”!

(2)

Sodium Selenate. Stimulation of PP2A
that shows significant
effectiveness is inhibiting

ey angiogenetic signaling.*?
0"";' . o g10g g g

FTY 720 (Fingolimod) (1) Activate PP2A
Forskolin (2) 4 phosphate activity
Lo e towards phosphorylase
» A, with selectivity over
i1 PP1 and inhibit PP2A
demethylation.®

Memantine Improving PP2A
NH- activity acts through the
inhibition of glutamate
gated NMDA receptor
channels.**
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Class Drugs Structure MOA
Isoquinolones 1,3 -bis (3,5 dimethoxy benzyl)-6,7 The ability of the
dimethoxy dihydroquinazolin -4 ,_.:{’ compounds to stabilize
one. . Il_‘ix -y the interaction of
“'[fn\'f T e e ceramide with the
nee” Y ﬂ multimeric
Ty PP2A enzyme.*
Tetralones 2-(3,5 dimethoxybenzylidine)- Ability of the compounds
6,7-dimethoxy 3,4 B o to stabilize the
dihydronaphthalene-1-one. ) ~..n~;[-v---]"<c.. L interaction of ceramide
- a with the multimeric
PP2A enzyme.*
Phenolic Dihydroxy phenyl ethanol (1) Inhibition of PKCa
antioxidents Alpha Tocopherol (2). das that involved in
' L phosphorylation of Tau.’
(1)
H:I"r:\lv" -
A T A N
2)
that SAR studies on isoquinolones (Figure 4A) and tetralones
Rio (Figure 4B) show that when the bicyclic hydroxyl groups are
RO
7 methylated, the compounds appear to increase PP2A activity in
RL0 N\Ra . NP N ™ the presence of C-2 ceramides.”” Based on the substituents of R1
A and R2 positions, some compounds neither enhance nor inhibit
° ’ appear to be neutral, and some compounds act as inhibitors of
(&) (B) the enzyme under study.
Figure 4: A. Isoquinolones and B. Tetralones. In detail, in this class of compounds, when R1 and R2 are both
PHENOLIC ANTIOXIDANTS substituted with '-H' in both isoquinolones and tertalones, there

According to Roberta Ricciarelli et al., alpha tocopherol, a phenolic
antioxidant, activates the enzyme PP2A via autophosphorylation
of Protein Kinase C (PKC) inhibition. Because the inhibition of
PKC by -tocopherol has been linked to its dephosphorylation, the
in vitro activation of protein kinase 2A by -tocopherol suggests
that this enzyme may be responsible for PKC dephosphorylation
and subsequent deactivation.”

According to Guichard C et al., dihydroxyphenyl ethanol, a
phenolic antioxidant derived from olive oil, has a promising role
in activating Ser/Thr Phosphatase 2A. (PP2A). The structural
features required for selective PP2A activation are the fewest in
diydroxyphenyl ethanol.*

PP2A MODULATORS ISOQUINOLONES AND
TETRALONES

Lorenzo M et al. demonstrate PP2A modulation activity by some
isoquinoline and tetralone derivatives, which exhibit variable
activity in the presence of 20 M C-2 ceramides. They also show

International Journal of Pharmaceutical Investigation, Vol 13, Issue 4, Oct-Dec, 2023

is an inhibitor of PP2A in the presence of ceramides. However,
substituting a methyl group for R1 and R2 increases PP2A
activity. In the case of isoquinolones, the quinazoline ring with R1
and R2 as methyl substitutions and 3,5 di methoxy benzyl as R3
substitution had the highest increasing PP2A activity. The same
inhibitor activity was discovered in the tetralone class with the
substitution of 'hydrogen' at R1 and R2 positions. As we increase
the substitution with methyl in both R1 and R2 position, and 2,6
2,5 3,5 di methoxy at R3 PP2A increasing activity was discovered,
and the highest increasing activity of this class was discovered
with 4- Pyridine N-oxide at R3 and methyl group at R1 and R2
position® the different substitution and their PP2A modulation
activity as shown by Lorenzo M et al. in Tables 2, 3 and 4.

FUTURE PROSPECTS

The literature indicates that PP2A activation has a significant role
in Alzheimer's disease, and it is currently being used as a treatment
approach in the condition. Recently, there has been a resurgence
of interest in PP2A activation methods due to the recent failure of
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Table 3: PP2A activity by different substitution at R , R, and R, of
isoquinollines in presence of 20 uM C-2 ceramides and their modulation

of activity.
R =R, R, PP2A activity
(um/mL)
-H 6.8
OH
—H,C OH
OH
-CH, - (CH,) COOH 9.5
-H 12.1
—H,C
HO OH
-CH, -PO[N (CH,)] 40.4
OCH; 37.7
e
H4CO N b
\r]a: OCH3 oy,
HaCO “CHa
o]
OCH3

Synthesised compound PP2A activity when divided into values where 7 indicates
basal inhibition, 7-15 indicates ceramide-induced inhibition, 15 indicates no net
effect, and 25 indicates activation.

Table 4: The modulation of PP2A activity by different substitution atR ,
R, and R, of tertralones in presence of 20 uM C-2 ceramides.

R,=R, R, PP2A
activity
(pm/
mL)
-H 3,5di -OH 1.2
-CH,  35di-OH 45
-H 2,6 di- OH 6.5
-H 3,4,5 triol 11.2
-CH,  2,4di-OCH, 12.4
-CH,  3-COOH, 4-OH 16.2
-CH, Cinnamoyl 21.0
-CH,  4-OCH, 27.7
-CH,  2,5di-OCH, 30.9
-CH,  3,5di-OCH, 38.7
-CH, 4-pypiridine N Oxide 44.5

Synthesised compounds' PP2A activity is measured using the following values: 7
= basal inhibition; 7-15 = ceramide-induced inhibition; 15-25 = no net impact;
and 25 = activation.

vaccination therapy in a phase 3 clinical trial and the low activity
of other acetylcholine esterase inhibitors. In this review article,

we gathered information on the active controlling role of PP2A
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in Alzheimer's disease, the failure of vaccination therapy and its
likely cause, the available limited activity compounds, and PP2A
activating compounds in particular. We are concentrating on the
available chemical compounds with basic pharmacophores of
PP2A activating compounds, their mechanism of action to induce
enzyme activity, and their structure activity relationship, which
is how some of the synthesised low molecular weight chemical
compounds can show the greatest PP2A activating effect in the
presence of C-2 ceramide. PP2A activation is currently a hot topic
in Alzheimer's therapy research. It has been demonstrated in the
neuroscience research sector that several chemical compounds
listed in the Table 2 of this article are useful in the treatment of
Alzheimer’s disease by activating the enzyme PP2A in various
ways. This collective information may entice researchers to learn
more about the pharmacophore that is fundamentally involved
in PP2A activation and may pique their interest in synthesizing
more similar derivatives or modifications of existing compounds
that activate PP2A. Although the outcomes are difficult to predict,
researchers hope to shed new light on Alzheimer's therapy.’®*

CONCLUSION

Multiple drugs have been reported that show promise in
activating PP2A for the treatment of Alzheimer's disease,
according to the review. PP2A remains a challenging therapeutic
target despite mounting evidence that it is possible and has clear
therapeutic benefits in the treatment of Alzheimer's disease. This
is in part because of its complex structure and lack of knowledge
regarding the physiological roles and regulation of particular
PP2A holoenzymes in cells with normal vs. cells affected by
Alzheimer's disease. In the near future, this knowledge should
enable us to modulate the phosphatase activity of a specific subset
of PP2A holoenzymes, particular PP2A-regulator interactions, or
PP2A-substrate interactions, enabling us to enhance the already
promising Alzheimer's disease treatment approaches described

in this review.
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