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Abstract
The search for diagnostic and prognostic markers in 
Alzheimer’s disease (AD) has been an area of active 
research in the last decades. Biochemical markers are 
correlates of intracerebral changes that can be identi-
fied in biological fluids, namely: peripheral blood (total 
blood, red and white blood cells, platelets, plasma and 
serum), saliva, urine and cerebrospinal fluid. An impor-
tant feature of a biomarker is that it can be measured 
objectively and evaluated as (1) an indicator of disease 
mechanisms (markers of core pathogenic processes 
or the expression of downstream effects of these pro-
cesses), or (2) biochemical responses to pharmacologi-
cal or therapeutic intervention, which can be indicative 
of disease modification. Platelets have been used in 
neuropharmacological models since the mid-fifties, as 
they share several homeostatic functions with neurons, 
such as accumulation and release of neurotransmit-
ters, responsiveness to variations in calcium concentra-
tion, and expression of membrane-bound compounds. 
Recent studies have shown that platelets also express 
several components related to the pathogenesis of AD, 

in particular to the amyloid cascade and the regulation 
of oxidative stress: thus they can be used in the search 
for biomarkers of the disease process. For instance, 
platelets are the most important source of circulating 
forms of the amyloid precursor protein and other im-
portant proteins such as Tau and glycogen synthase ki-
nase-3B. Moreover, platelets express enzymes involved 
in membrane homeostasis (e.g., phospholipase A2), 
and markers of the inflammatory process and oxidative 
stress. In this review we summarize the available litera-
ture and discuss evidence concerning the potential use 
of platelet markers in AD.
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INTRODUCTION
The search for diagnostic and prognostic markers in 
Alzheimer’s disease (AD) has been an area of  active re-
search in the last two decades. The pathological changes 
in AD are the result of  several biological processes re-
lated to the abnormal metabolism of  amyloid precursor 
protein (APP), regulation of  Tau phosphorylation, induc-
tion of  oxidative stress and inflammatory cascades, and 
deregulation of  lipid metabolism affecting membrane 
homeostasis. Biochemical markers are correlates of  in-
tracerebral changes that can be identified in biological 
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fluids. An important feature of  a biomarker is is that it 
can be objectively measured and evaluated as an indicator 
of  pathophysiological mechanisms, or of  biochemical re-
sponses to pharmacological or therapeutic intervention[1]. 
A good biomarker should be a sensitive diagnostic tool to 
detect early changes of  the disease, and specific enough 
to differentiate AD from conditions that may clinically 
overlap, such as cognitive changes in normal aging, cog-
nitive and behavioral syndromes secondary to affective 
disorders, dementia due to other etiologies and pseudo-
dementia. Ideally, the diagnostic accuracy of  biomarkers 
should be confirmed by neuropathological studies. In 
addition, to be clinically useful as diagnostic aid, the bio-
logical samples in which the biomarker is to be measured 
should easy to obtain in a safe and tolerable procedure, 
and the laboratory methods must be reliable, stable, and 
cost-effective[2]. 

Significant advances have been made in the recent 
past with the development of  technologies addressing ce-
rebrospinal fluid (CSF) biomarkers in AD. The identifica-
tion of  an ‘AD signature’ in the CSF has proven accurate 
for the early diagnosis of  AD[3]. However, the specificity 
of  this finding still requires additional confirmation, and 
there are important variations in measurements between 
and within laboratories that prevent the immediate use of  
CSF biomarkers in clinical practice[4]. Preferentially, bio-
markers to be used in the clinical setting and in epidemio-
logical studies should be obtainable in the periphery, i.e., 
in samples of  blood or urine. In spite of  the considerable 
amount of  research invested worldwide in the search 
for good peripheral biomarkers of  AD, to date no such 
markers have proved accurate enough to safely differenti-
ate cases of  AD from non-cases[5,6]. On the other hand, 
many candidate peripheral markers for AD have been 
shown to be correlated with core clinical aspects of  the 
disease, providing complementary information on dis-
tinct aspects of  its pathophysiology and natural history.

The prospect of  using platelets in neuropharmaco-
logical models began in the mid-fifties with the discovery 
that platelets accumulate the neurotransmitter serotonin[7]. 
Thereafter, several other neurotransmitters have been 
isolated in platelets, namely GABA, glutamate, aspartate, 
and glycine, along with their transporters and receptors. 
Since then, platelets have been extensively used in phar-
macological studies addressing the mechanism of  action 
of  centrally active drugs. Platelets and neurons share sev-
eral homeostatic functions, such as the accumulation and 
release of  neurotransmitters, responsiveness to variations 
in calcium concentration, and expression of  membrane-
bound compounds (e.g., receptors and enzymes)[8]. The 
platelet membrane contains several types of  surface re-
ceptors that respond to external stimuli yielding activating 
or inhibitory responses[9] and thus modulating the main 
homeostatic function of  thrombocytes, which is to halt 
the loss of  blood from injured vessels. Platelets contain 
three types of  granules: dense granules, α-granules and 
lysosomes. The granules and their contents are released 
upon platelet activation, which occurs in response to 

physiological stimuli, e.g., thrombin, collagen, ADP, epi-
nephrine, vasopressin and serotonin. There are also non-
physiological stimuli such as divalent cationic substances 
and phorbol esters. Therefore, platelets require careful 
handling because of  the possibility of  activation through 
experimentation. The potential for interference must be 
controlled during preparation of  aliquots, by using prote-
ase and phosphatase inhibitors and preserving membrane 
integrity, depending on the type of  determination that is 
intended, in order to preserve the resting state of  these 
molecules[10].

Studies have shown that platelets may be used as pe-
ripheral models for the analysis of  metabolic pathways 
related to the pathogenesis of  AD, in particular to the 
amyloid cascade and the regulation of  oxidative stress. 
Platelets are the most important source of  circulating 
forms of  APP[5] and other important pathophysiological 
components of  AD, such as microtubule-associated pro-
tein Tau[11] and glycogen synthase kinase-3B (GSK3B)[10]. 
In addition, platelets contain APP-cleaving enzymes, 
which are biologically active and responsive to systemic 
stimuli., Using platelets to address the systemic regula-
tion of  APP metabolism, offers many possibilities in the 
search for surrogate markers of  intracerebral pathology 
and effects of  pharmacological interventions. 

AMYLOID-RELATED MARKERS IN 
PLATELETS
Amyloid-β (Aβ) peptides originate from the proteolytic 
cleavage of  APP, an integral membrane protein with a 
large extracellular domain, a membrane-spanning frag-
ment, and a short intracellular, C-terminal tail. APP me-
tabolism can follow different routes resulting either in 
an amyloidogenic or a non-amyloidogenic processing, in 
which three different proteolytic enzymes take part (APP 
secretases α, β and γ). The first (α-secretase) cleaves APP 
in the extracellular domain and determines the release 
of  its N-terminal peptide (secreted APP, or sAPPα) into 
the extracellular space. Two enzymes belonging to the 
ADAM family (disintegrins and metalloproteases) have 
α-secretase activity: ADAM 10 and ADAM 17 (or TACE, 
for tumor necrosis factor α converting enzyme)[12,13]. This 
proteolytic cleavage occurs within the sequence of  ami-
noacids corresponding to Aβ, and therefore precludes 
the formation of  amyloid fragments. This constitutes the 
secretory or non-amyloidogenic pathway of  APP pro-
cessing. Conversely, enzymes with β-secretase activity (e.g., 
BACE-1) cleave APP at the amino terminus of  the Aβ 
domain, yielding intact Aβ sequences within the C-termi-
nal residue of  APP. A subsequent cleavage of  APP at the 
carboxyl terminus of  Aβ sequence by γ-secretase releases 
Aβ peptides of  40 (Aβ40) or 42 amino acids (Aβ42).

Tang et al[14] provided evidence that the amyloidogenic 
pathway is up-regulated in platelets of  patients with AD, 
having found increased levels of  Aβ, increased immuno-
reactivity of  BACE1, and decreased immunoreactivity of  
ADAM10. Therefore, the modifications of  the expres-
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sion of  APP-cleaving enzymes affecting the Aβ content 
in platelets are similar to those observed in the AD brain. 
The extent to which this metabolic pathway is related to 
platelet function is unknown. Anyway, the activation of  
platelets by thrombin, collagen, or calcium ionophores 
releases Aβ40[15], suggesting that the amyloidogenic cleav-
age of  APP from platelet membranes is subsequent to 
the secretion of  α-granules.

It is likely that secreted Aβ40 peptides contribute to 
the amyloid burden in the vascular walls of  the AD brain. 
In fact, a recent study indicated that soluble Aβ can be in-
ternalized into lysosomes by the cerebrovascular smooth 
muscle cells, yielding Aβ deposits within the extracellular 
space of  the vessel wall upon degeneration of  smooth 
muscle cells. This is supposedly an important mechanism 
leading to cerebral amyloid angiopathy in AD[16]. 

Early studies by Di Luca et al[17] and Rosenberg et al[18] 
showed a reduction in the ratio between larger (120 to 
130 kDa) and smaller (110 kDa) specimens of  sAPP in 
platelets of  patients with AD. The so-called APP ratio was 
proposed as a method to ascertain the metabolic cleav-
age of  APP in platelets, larger fragments corresponding 
to sAPP-α and smaller ones to sAPP-β. Therefore, a 
reduced APP ratio would be indicative of  the abnormal 
APP metabolism in patients with AD, as a consequence 
of  predominant β-secretase activity. Further studies from 
these groups and others have found interesting correla-
tions between the APP ratio and other biological and clin-
ical features of  the disease. For instance, the presence of  
the APOE*4 allele is associated with a greater reduction 
in the APP ratio[18]. Positive correlations were observed 
between the APP ratio and cognitive performance[19], both 
in clinical[20] and preclinical AD[21]. More recently, Zainaghi 
et al[22] also showed a positive correlation between the APP 
ratio and scores on cognitive tests.

GLYCOGEN SYNTHASE KINASE AND 
TAU
GSK3B is a serine-threonine kinase[23,24] involved in the 
regulation of  important intracellular signaling pathways, 
including cell cycle, gene expression and apoptosis[25-27]. 
In neurons, GSK3B is a major Tau kinase, critically in-
volved in the maintenance of  the stability of  microtu-
bules and, therefore, in the preservation of  the structure 
and function of  the neuronal cytoskeleton[28]. Studies 
have shown that GSK3B is overactive in AD, playing a 
major role in the hyperphosphorylation of  Tau[24,29-31]. In 
experimental models of  AD, GSK3B has been shown to 
hyperphosphorylate Tau, leading to microtubule disas-
sembly and loss of  function[28]. Therefore, the deregula-
tion of  GSK3B homeostasis has a major impact on the 
formation of  paired helicoidal filaments and neurofibril-
lary tangles, which are key pathological features of  AD. 
The activation of  GSK3B also favors the amyloidogenic 
cleavage of  APP, leading to the overproduction of  the 
Aβ peptide[32]. According to the ‘GSK hypothesis of  
AD’, the abnormal activation of  GSK3B is associated 

both with the overproduction of  Aβ and may be impli-
cated in the early and primary event in the physiopathol-
ogy of  AD[33]. In animal models, overactive GSK3B has 
been associated with memory impairment[34]. The phos-
phorylation of  GSK3B at Serine 9 leads to its inactiva-
tion[35,36], which may prevent Tau hyperphosphorylation 
and also have potential neuroprotective effects against 
Aβ toxicity[37,39].

GSK3B is also expressed in human platelets in higher 
amounts than in other blood cells. The precise physiologi-
cal role of  platelet GSK3B is uncertain, but there is evi-
dence of  its involvement in the regulation of  platelet acti-
vation, since platelet agonists inhibit both isoforms of  the 
enzyme by phosphorylation at Ser-21 (GSK3A) or Ser-9 
(GSK3B)[10]. Platelet GSK is subject to similar regulatory 
mechanisms as those observed in the brain, such as phos-
phoinositide 3-kinase and PKB signaling. The expression 
of  total- and Ser-9 phosphorylated platelet GSK3B can 
be readily determined by Western-blot or ELISA meth-
ods, and enzymatic activity can be indirectly estimated by 
calculating the ratio between active and inactive forms. 
In a recent study by our group, platelet GSK3B activ-
ity was shown to be increased in pre-dementia stages of  
AD[39,40], in accordance with the findings of  Hye et al[41] 
of  a marked increase in GSK3B activity in leukocytes of  
patients with AD and mild cognitive impairment (MCI). 
We have additionally shown that the expression of  
Ser-9 phospho-GSK3B, in addition to the GSK3B ratio 
(i.e., the proportion between phosphorylated and total 
GSK3B), bears a positive correlation with performance in 
cognitive tests on patients with amnestic MCI[39,40]. 

Li et al[42] first characterized the expression of  the Tau 
protein in platelets, and further showed that the phospho-
epitope thr-212 is dephosphorylated as a consequence 
of  the inhibition of  GSK3B in platelet homogenates. A 
recent study from Neumann et al[11] showed that several 
molecular species of  Tau are present in platelets, and AD 
patients have a different proportion of  the various forms 
of  Tau as compared to controls. In fact they found sever-
al immunoreactive fractions ranging from approximately 
60 to 240 kDa and, notably, that high molecular weight 
fractions of  Tau (110-130 kDa) are increased in AD pa-
tients as compared with controls. In addition, the ratio 
between high molecular weight and low molecular weight 
(ranging from 66 to 68 kDa) fractions seems to be sig-
nificantly increased in AD subjects. The oligomers of  the 
high molecular weight form of  Tau may correspond to 
aggregates of  the nearly 60 kDa monomer forms which 
subsequently decrease since they are consumed when 
higher order oligomers are being formed in AD[11].

INFLAMATORY FACTORS
Cumulative evidence indicates that AD is associated with 
a chronic inflammatory response in the central nervous 
system. Activated microglial cells participate in the forma-
tion of  senile plaques, with increased expression of  many 
inflammatory markers[43]. Aβ deposits contain proteins of  
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the complement pathway and the interaction between ag-
gregated Aβ42 with C1q is thought to initiate microglial 
activation. In addition, activated microglial cells synthesize 
inflammatory mediators by means of  the activation of  
cyclo-oxygenases (COX) 1 and 2. Both activated microglia 
and reactive astrocytes that surround the senile plaques 
produce acute-phase proteins, complement components, 
prostaglandis and cytokines[44].

Given that brain inflammation triggers signaling path-
ways involving sympathetic and neuroendocrine systems[44], 
most of  the parameters indicative of  this response can 
be found in peripheral blood, including platelets. Platelet 
granules contain nucleotides, amines, coagulation factors, 
enzymes and inflammatory mediators. Chemokines, inter-
leukins and adhesive proteins are among the most potent 
inflammatory signaling molecules secreted by platelets, 
which also synthesize and secrete prostaglandins produced 
by the enzymes COX-1 and 2[44]. In addition, secreted 
phospholipase A2 (PLA2) and other subtypes are highly 
expressed in platelets[41], and play a critical role in the regu-
lation of  the inflammatory response[45]. 

PLA2 abnormalities have been consistently found in 
AD[46], with important implications in membrane homeo-
stasis and the inflammatory response. The involvement 
of  platelet PLA2 in AD will be discussed in detail in a 
following section of  this article. Other important platelet 
markers of  the inflammatory response that have been 
associated with AD are COX enzymes, adhesion mol-
ecules and chemokines. A study conducted by Bermejo 
et al[47] showed elevated expression of  COX-2 in platelets 
of  patients with MCI and AD as compared to controls. 
Platelet endothelial cell adhesion molecule-1 and intracel-
lular adhesion molecule-1 are involved in the inflamma-
tory process associated with endothelium dysfunction; 
these proteins are present both in plasma and platelets, 
and were found to be increased in AD. The chemokines 
Regulated on Activation, Normal T Cells Expressed and 
Secreted and MIP-1α, present in α-granules, were found 
to be increased in AD patients. Clusterin, a complement-
related protein, is also over-expressed in the hippo-
campus and CSF of  AD patients, and is present on the 
platelet surface[44]. Clusterin mediates the transport of  Aβ 
across the blood brain barrier, co-localizes with several 
complement factors in cerebrovascular amyloid deposits, 
and also binds Aβ and prevents its fibrillization[48]. 

FREE RADICALS AND MARKERS OF 
OXIDATIVE STRESS
Free radicals are atoms, molecules or groups of  atoms 
bearing an unpaired electron occupying an outer orbit, 
such as those found in the superoxide anion, hydroxyl 
radical and nitric oxide. There are also, reactive com-
pounds that have no unpaired electron in the outer layer; 
these substances are more broadly classified as reactive 
oxygen species (ROS) or reactive nitrogen species (RNS). 
The imbalance between the production of  ROS/RNS 
and removal by antioxidant defense systems is called oxi-

dative stress. Oxidative stress is a cellular or physiological 
condition of  high concentration of  ROS/RNS causing 
irreversible cell damage and death[49]. Increasing evidence 
suggests that oxidative stress that is normally associated 
with aging is a prominent and early feature of  AD and 
plays a role in its pathogenesis. The respiratory process 
of  activated microglia is the most important source of  
oxygen free radicals in the central nervous system, where 
superoxide ions are abundantly generated. These radicals 
are translocated to the cell membrane and released from 
microglia into the extracellular space in response to cell 
injury or nociceptive stimuli. Evidence of  free radical 
production in the AD brain includes the presence of  
4-hydroxynonenal, malondialdehyde, 3-nitrotyrosine and 
oxidized proteins[50]. 

Very few investigators have addressed markers of  
oxidative stress in platelets. Marcourakis et al[51] studied 
the content of  thiobarbituric acid-reactive substances 
in platelets from AD patients, and found evidence of  
increased lipid peroxidation, NOS and Na+, K+-ATPase 
activity, as compared to controls. In addition, increased 
platelet NOS activity was higher in carriers of  the APOE 
epsilon-4 allele as compared to non-carriers.

COATED-PLATELET LEVELS
Coated platelets are a subpopulation of  platelets observed 
on dual-agonist stimulation with thrombin and collagen, 
differing from ordinary platelets that are activated by a 
single agonist. The biochemical characteristics of  coated 
platelets include a robust prothrombinase activity, the 
retention of  several procoagulant proteins on the cell sur-
face, and the release of  microparticles[52]. Coated platelets 
retain full-length APP on their surface upon activation[53]. 
In a cross-sectional study in AD, Prodan et al[54,55] reported 
that the number of  coated platelets in inversely correlated 
with the severity of  cognitive decline, i.e., higher levels 
are found at earlier stages of  the dementing process. In 
a longitudinal study of  disease progression in AD, these 
authors reported that higher counts of  coated platelets 
at baseline predicted a more severe cognitive deteriora-
tion over time. In addition, coated platelets are also over-
expressed in patients with amnestic MCI as compared to 
non-amnestic counterparts[54].

PLATELET PHOSPHOLIPASE A2 ACTIVITY
Platelet PLA2 enzymes are critically involved in the me-
tabolism of  membrane phospholipids. The PLA2 super-
family is composed of  three main groups: calcium-
dependent, cytosolic PLA2; calcium-dependent, secretory 
PLA2; and calcium-independent, intra-cellular PLA2. 
PLA2 hydrolyzes fatty-acids located at the sn-2 position 
of  phospholipids, releasing free fatty-acids and lysophos-
pholipids[56,57]. These are substrates for the synthesis of  
prostaglandins and arachidonic acid, which are impor-
tant mediators of  neuronal transmission and signaling 
processes. Moreover, PLA2 activity controls the physico-
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chemical properties of  neuronal membranes, affecting 
the function of  membrane receptors, and the release and 
reuptake of  neurotransmitters[58,59]. The hydrolysis of  
membrane phosphatidylcholine releases free choline that 
is a substrate for the synthesis of  acetylcholine, an im-
portant neurotransmitter that has been implicated in the 
pathophysiology of  AD. Changes in PLA2 activity have 
been demonstrated in various neuropsychiatric disorders 
such as temporal lobe epilepsy[60], schizophrenia[61-64], and 
AD[65,66].

Experimental models have shown that PLA2 influ-
ences APP processing and secretion. In neuronal cultures, 
PLA2 activation leads to increased release of  soluble 
forms of  APP (sAPPα) into the extracellular medium[67,68]; 
because the secretory and the amyloidogenic pathways of  
APP metabolism are mutually exclusive, it is reasonable 
to assume that such effect is accompanied by the inhibi-
tion of  the production of  Aβ. This assumption is sup-
ported by early post-mortem studies of  the AD brain[69], 
showing that intra-cerebral PLA2 activity is negatively 
correlated with the number of  senile plaques and param-
eters indicative of  the clinical severity of  dementia. 

Similar findings have been reported in platelets from 
patients with AD. Gattaz et al[69] found evidence of  de-
creased platelet PLA2 activity in patients with AD as 
compared to healthy controls and patients with other 
psychiatric disorders. In another study conducted by our 
group[70], platelet PLA2 activity was found to be decreased 
not only in AD patients, but also in patients with MCI, as 
compared to cognitively unimpaired older adults. In addi-
tion, lower PLA2 activity was found to be correlated with 
poorer cognitive performance. It is noteworthy that MCI 
patients are at higher risk of  dementia, with an estimated 
rate of  progression from MCI to AD ranging from 
10% to 30% per year[71,72]. Because MCI patients have 
values of  PLA2 activity between those observed in AD 
and normal controls, it is likely that in such patients the 
identification of  PLA2 activity in the lower range may be 
considered a risk marker for future conversion to demen-
tia[71]. This notion is supported by data from an ongoing 
longitudinal study conducted by our group addressing the 
distinct PLA2 isoforms (unpublished observation). Such 
abnormality is possibly a peripheral correlate of  the in-
tracerebral deregulation of  membrane phospholipid me-
tabolism, given the fact that in vivo spectroscopy (31P-MRS) 
studies indicated that decreased phospholipid breakdown 
in the AD brain is correlated with lower platelet PLA2 
activity[73]. In addition to being a candidate marker of  the 
disease process, PLA2 may also respond to therapeutic 
interventions. In a recent study, PLA2 activity was modu-
lated by cognitive training in healthy elders[74].

CONCLUSION
Platelets express several proteins and molecules that have 
been implicated in the pathophysiology of  AD, such as 
APP and its related metabolic enzymes, distinct isoforms 
of  microtubule-associated protein Tau, several kinases 

(particularly GSK3B), enzymes involved in membrane 
homeostasis (namely PLA2), and markers of  the inflam-
matory process and oxidative stress. Such properties 
render platelets a useful model to address, peripherally, 
certain pathological changes that occur in the AD brain. 
In this paper, we review the relevant literature addressing 
platelet markers in AD, in the light of  the growing need 
for biomarkers to support the diagnosis of  AD. 

REFERENCES
1	 Cummings JL. Challenges to demonstrating disease-modi-

fying effects in Alzheimer’s disease clinical trials. Alzheimers 
Dement 2006; 2: 263-271

2	 Di Luca M, Grossi E, Borroni B, Zimmermann M, Marcello 
E, Colciaghi F, Gardoni F, Intraligi M, Padovani A, Buscema 
M. Artificial neural networks allow the use of simultaneous 
measurements of Alzheimer disease markers for early detec-
tion of the disease. J Transl Med 2005; 3: 30

3	 Hansson O, Zetterberg H, Buchhave P, Londos E, Blennow 
K, Minthon L. Association between CSF biomarkers and 
incipient Alzheimer’s disease in patients with mild cognitive 
impairment: a follow-up study. Lancet Neurol 2006; 5: 228-234 

4	 Mattsson N, Andreasson U, Persson S, Arai H, Batish SD, 
Bernardini S, Bocchio-Chiavetto L, Blankenstein MA, Carril-
lo MC, Chalbot S, Coart E, Chiasserini D, Cutler N, Dahlfors 
G, Duller S, Fagan AM, Forlenza O, Frisoni GB, Galasko D, 
Galimberti D, Hampel H, Handberg A, Heneka MT, Her-
skovits AZ, Herukka SK, Holtzman DM, Humpel C, Hyman 
BT, Iqbal K, Jucker M, Kaeser SA, Kaiser E, Kapaki E, Kidd 
D, Klivenyi P, Knudsen CS, Kummer MP, Lui J, Lladó A, 
Lewczuk P, Li QX, Martins R, Masters C, McAuliffe J, Mer-
cken M, Moghekar A, Molinuevo JL, Montine TJ, Nowatzke 
W, O’Brien R, Otto M, Paraskevas GP, Parnetti L, Petersen 
RC, Prvulovic D, de Reus HP, Rissman RA, Scarpini E, Ste-
fani A, Soininen H, Schröder J, Shaw LM, Skinningsrud A, 
Skrogstad B, Spreer A, Talib L, Teunissen C, Trojanowski 
JQ, Tumani H, Umek RM, Van Broeck B, Vanderstichele H, 
Vecsei L, Verbeek MM, Windisch M, Zhang J, Zetterberg H, 
Blennow K. The Alzheimer’s Association external quality 
control program for cerebrospinal fluid biomarkers. Alzheim-
ers Dement 2011; 7: 386-395.e6

5	 Padovani A, Pastorino L, Borroni B, Colciaghi F, Rozzini 
L, Monastero R, Perez J, Pettenati C, Mussi M, Parrinello 
G, Cottini E, Lenzi GL, Trabucchi M, Cattabeni F, Di Luca 
M. Amyloid precursor protein in platelets: a peripheral 
marker for the diagnosis of sporadic AD. Neurology 2001; 57: 
2243-2248

6	 Irizarry MC. Biomarkers of Alzheimer disease in plasma. 
NeuroRx 2004; 1: 226-234

7	 Barradas MA, Mikhailidis DP. The use of platelets as models 
for neurons: possible applications to the investigation of eat-
ing disorders. Biomed Pharmacother 1993; 47: 11-18

8	 El Haouari M, Rosado JA. Platelet function in hypertension. 
Blood Cells Mol Dis 2009; 42: 38-43

9	 Holmsen H. Signal transducing mechanisms in platelets. 
Proc Natl Sci Counc Repub China B 1991; 15: 147-152

10	 Barry FA, Graham GJ, Fry MJ, Gibbins JM. Regulation of 
glycogen synthase kinase 3 in human platelets: a possible 
role in platelet function? FEBS Lett 2003; 553: 173-178 

11	 Neumann K, Farías G, Slachevsky A, Perez P, Maccioni RB. 
Human platelets tau: a potential peripheral marker for Al-
zheimer’s disease. J Alzheimers Dis 2011; 25: 103-109

12	 Buxbaum JD, Liu KN, Luo Y, Slack JL, Stocking KL, Peschon 
JJ, Johnson RS, Castner BJ, Cerretti DP, Black RA. Evidence 
that tumor necrosis factor alpha converting enzyme is 
involved in regulated alpha-secretase cleavage of the Al-
zheimer amyloid protein precursor. J Biol Chem 1998; 273: 

99 December 22, 2012|Volume 2|Issue 6|WJP|www.wjgnet.com

Talib LL et al . Platelet biomarkers in Alzheimer’s disease



27765-27767
13	 Lammich S, Kojro E, Postina R, Gilbert S, Pfeiffer R, Jasion-

owski M, Haass C, Fahrenholz F. Constitutive and regulated 
alpha-secretase cleavage of Alzheimer’s amyloid precursor 
protein by a disintegrin metalloprotease. Proc Natl Acad Sci 
USA 1999; 96: 3922-3927

14	 Tang K, Hynan LS, Baskin F, Rosenberg RN. Platelet amy-
loid precursor protein processing: a bio-marker for Alzheim-
er’s disease. J Neurol Sci 2006; 240: 53-58

15	 Casoli T, Di Stefano G, Giorgetti B, Balietti M, Recchioni R, 
Moroni F, Marcheselli F, Bernardini G, Fattoretti P, Bertoni-
Freddari C. Platelet as a physiological model to investigate 
apoptotic mechanisms in Alzheimer beta-amyloid peptide 
production. Mech Ageing Dev 2008; 129: 154-162

16	 Casoli T, Di Stefano G, Giorgetti B, Grossi Y, Balietti M, Fat-
toretti P, Bertoni-Freddari C. Release of beta-amyloid from 
high-density platelets: implications for Alzheimer’s disease 
pathology. Ann N Y Acad Sci 2007; 1096: 170-178

17	 Di Luca M, Pastorino L, Cattabeni F, Zanardi R, Scarone S, 
Racagni G, Smeraldi E, Perez J. Abnormal pattern of platelet 
APP isoforms in Alzheimer disease and Down syndrome. 
Arch Neurol 1996; 53: 1162-1166

18	 Rosenberg RN, Baskin F, Fosmire JA, Risser R, Adams P, 
Svetlik D, Honig LS, Cullum CM, Weiner MF. Altered amy-
loid protein processing in platelets of patients with Alzheim-
er disease. Arch Neurol 1997; 54: 139-144

19	 Liu Q, Zerbinatti CV, Zhang J, Hoe HS, Wang B, Cole SL, 
Herz J, Muglia L, Bu G. Amyloid precursor protein regulates 
brain apolipoprotein E and cholesterol metabolism through 
lipoprotein receptor LRP1. Neuron 2007; 56: 66-78

20	 Baskin F, Rosenberg RN, Iyer L, Hynan L, Cullum CM. 
Platelet APP isoform ratios correlate with declining cogni-
tion in AD. Neurology 2000; 54: 1907-1909

21	 Padovani A, Borroni B, Colciaghi F, Pettenati C, Cottini E, 
Agosti C, Lenzi GL, Caltagirone C, Trabucchi M, Cattabeni F, 
Di Luca M. Abnormalities in the pattern of platelet amyloid 
precursor protein forms in patients with mild cognitive im-
pairment and Alzheimer disease. Arch Neurol 2002; 59: 71-75 

22	 Zainaghi IA, Forlenza OV, Gattaz WF. Abnormal APP pro-
cessing in platelets of patients with Alzheimer’s disease: 
correlations with membrane fluidity and cognitive decline. 
Psychopharmacology (Berl) 2007; 192: 547-553

23	 Embi N, Rylatt DB, Cohen P. Glycogen synthase kinase-2 
and phosphorylase kinase are the same enzyme. Eur J Bio-
chem 1979; 100: 339-347

24	 Balaraman Y, Limaye AR, Levey AI, Srinivasan S. Glycogen 
synthase kinase 3beta and Alzheimer’s disease: pathophysi-
ological and therapeutic significance. Cell Mol Life Sci 2006; 
63: 1226-1235

25	 Jope RS, Roh MS. Glycogen synthase kinase-3 (GSK3) in 
psychiatric diseases and therapeutic interventions. Curr 
Drug Targets 2006; 7: 1421-1434

26	 Muyllaert D, Kremer A, Jaworski T, Borghgraef P, Devijver 
H, Croes S, Dewachter I, Van Leuven F. Glycogen synthase 
kinase-3beta, or a link between amyloid and tau pathology? 
Genes Brain Behav 2008; 7 Suppl 1: 57-66

27	 Peineau S, Bradley C, Taghibiglou C, Doherty A, Bortolotto 
ZA, Wang YT, Collingridge GL. The role of GSK-3 in synap-
tic plasticity. Br J Pharmacol 2008; 153 Suppl 1: S428-S437 

28	 Lovestone S, Reynolds CH, Latimer D, Davis DR, Anderton 
BH, Gallo JM, Hanger D, Mulot S, Marquardt B, Stabel S. Al-
zheimer’s disease-like phosphorylation of the microtubule-
associated protein tau by glycogen synthase kinase-3 in 
transfected mammalian cells. Curr Biol 1994; 4: 1077-1086 

29	 Frame S, Cohen P. GSK3 takes centre stage more than 20 
years after its discovery. Biochem J 2001; 359: 1-16

30	 Lovestone S, McLoughlin DM. Protein aggregates and de-
mentia: is there a common toxicity? J Neurol Neurosurg Psy-
chiatry 2002; 72: 152-161

31	 Kar S, Slowikowski SP, Westaway D, Mount HT. Interac-

tions between beta-amyloid and central cholinergic neurons: 
implications for Alzheimer’s disease. J Psychiatry Neurosci 
2004; 29: 427-441

32	 Rockenstein E, Torrance M, Adame A, Mante M, Bar-on 
P, Rose JB, Crews L, Masliah E. Neuroprotective effects of 
regulators of the glycogen synthase kinase-3beta signaling 
pathway in a transgenic model of Alzheimer’s disease are 
associated with reduced amyloid precursor protein phos-
phorylation. J Neurosci 2007; 27: 1981-1991

33	 Hooper C, Killick R, Lovestone S. The GSK3 hypothesis of 
Alzheimer’s disease. J Neurochem 2008; 104: 1433-1439

34	 Grimes CA, Jope RS. The multifaceted roles of glycogen syn-
thase kinase 3beta in cellular signaling. Prog Neurobiol 2001; 
65: 391-426

35	 Klein PS, Melton DA. A molecular mechanism for the effect 
of lithium on development. Proc Natl Acad Sci USA 1996; 93: 
8455-8459

36	 Doble BW, Woodgett JR. GSK-3: tricks of the trade for a 
multi-tasking kinase. J Cell Sci 2003; 116: 1175-1186

37	 Koh SH, Noh MY, Kim SH. Amyloid-beta-induced neuro-
toxicity is reduced by inhibition of glycogen synthase ki-
nase-3. Brain Res 2008; 1188: 254-262

38	 Noble W, Planel E, Zehr C, Olm V, Meyerson J, Suleman 
F, Gaynor K, Wang L, LaFrancois J, Feinstein B, Burns M, 
Krishnamurthy P, Wen Y, Bhat R, Lewis J, Dickson D, Duff 
K. Inhibition of glycogen synthase kinase-3 by lithium corre-
lates with reduced tauopathy and degeneration in vivo. Proc 
Natl Acad Sci USA 2005; 102: 6990-6995

39	 Forlenza OV, Diniz BS, Talib LL, Radanovic M, Yassuda MS, 
Ojopi EB, Gattaz WF. Clinical and biological predictors of 
Alzheimer’s disease in patients with amnestic mild cognitive 
impairment. Rev Bras Psiquiatr 2010; 32: 216-222

40	 Forlenza OV, Torres CA, Talib LL, de Paula VJ, Joaquim HP, 
Diniz BS, Gattaz WF. Increased platelet GSK3B activity in 
patients with mild cognitive impairment and Alzheimer’s 
disease. J Psychiatr Res 2011; 45: 220-224

41	 Hye A, Kerr F, Archer N, Foy C, Poppe M, Brown R, Hamil-
ton G, Powell J, Anderton B, Lovestone S. Glycogen synthase 
kinase-3 is increased in white cells early in Alzheimer’s dis-
ease. Neurosci Lett 2005; 373: 1-4

42	 Li D, August S, Woulfe DS. GSK3beta is a negative regula-
tor of platelet function and thrombosis. Blood 2008; 111: 
3522-3530

43	 Akiyama H, Barger S, Barnum S, Bradt B, Bauer J, Cole GM, 
Cooper NR, Eikelenboom P, Emmerling M, Fiebich BL, Finch 
CE, Frautschy S, Griffin WS, Hampel H, Hull M, Landreth 
G, Lue L, Mrak R, Mackenzie IR, McGeer PL, O’Banion MK, 
Pachter J, Pasinetti G, Plata-Salaman C, Rogers J, Rydel R, 
Shen Y, Streit W, Strohmeyer R, Tooyoma I, Van Muiswinkel 
FL, Veerhuis R, Walker D, Webster S, Wegrzyniak B, Wenk 
G, Wyss-Coray T. Inflammation and Alzheimer’s disease. 
Neurobiol Aging 2000; 21: 383-421

44	 Casoli T, Di Stefano G, Balietti M, Solazzi M, Giorgetti B, 
Fattoretti P. Peripheral inflammatory biomarkers of Al-
zheimer’s disease: the role of platelets. Biogerontology 2010; 
11: 627-633

45	 Medina M, Avila J. Glycogen synthase kinase-3 (GSK-3) in-
hibitors for the treatment of Alzheimer’s disease. Curr Pharm 
Des 2010; 16: 2790-2798

46	 Schaeffer EL, Gattaz WF. Cholinergic and glutamatergic al-
terations beginning at the early stages of Alzheimer disease: 
participation of the phospholipase A2 enzyme. Psychophar-
macology (Berl) 2008; 198: 1-27

47	 Bermejo P, Martín-Aragón S, Benedí J, Susín C, Felici E, Gil 
P, Ribera JM, Villar AM. Differences of peripheral inflam-
matory markers between mild cognitive impairment and 
Alzheimer’s disease. Immunol Lett 2008; 117: 198-202

48	 Nuutinen T, Suuronen T, Kauppinen A, Salminen A. Clus-
terin: a forgotten player in Alzheimer’s disease. Brain Res Rev 
2009; 61: 89-104

100 December 22, 2012|Volume 2|Issue 6|WJP|www.wjgnet.com

Talib LL et al . Platelet biomarkers in Alzheimer’s disease



101 December 22, 2012|Volume 2|Issue 6|WJP|www.wjgnet.com

49	 Dröge W. Free radicals in the physiological control of cell 
function. Physiol Rev 2002; 82: 47-95

50	 Halliday G, Robinson SR, Shepherd C, Kril J. Alzheimer’s 
disease and inflammation: a review of cellular and therapeu-
tic mechanisms. Clin Exp Pharmacol Physiol 2000; 27: 1-8 

51	 Marcourakis T, Bahia VS, Kawamoto EM, Munhoz CD, Gor-
jão R, Artes R, Kok F, Caramelli P, Nitrini R, Curi R, Scavone 
C. Apolipoprotein E genotype is related to nitric oxide pro-
duction in platelets. Cell Biochem Funct 2008; 26: 852-858 

52	 Dale GL. Coated-platelets: an emerging component of the 
procoagulant response. J Thromb Haemost 2005; 3: 2185-2192 

53	 Prodan CI, Szasz R, Vincent AS, Ross ED, Dale GL. Coated-
platelets retain amyloid precursor protein on their surface. 
Platelets 2006; 17: 56-60

54	 Prodan CI, Ross ED, Vincent AS, Dale GL. Coated-platelets 
are higher in amnestic versus nonamnestic patients with 
mild cognitive impairment. Alzheimer Dis Assoc Disord 2007; 
21: 259-261

55	 Prodan CI, Ross ED, Vincent AS, Dale GL. Rate of progres-
sion in Alzheimer’s disease correlates with coated-platelet 
levels--a longitudinal study. Transl Res 2008; 152: 99-102 

56	 Dennis EA. Diversity of group types, regulation, and func-
tion of phospholipase A2. J Biol Chem 1994; 269: 13057-13060 

57	 Dennis EA. The growing phospholipase A2 superfamily of 
signal transduction enzymes. Trends Biochem Sci 1997; 22: 1-2 

58	 Bazan NG, Zorumski CF, Clark GD. The activation of phos-
pholipase A2 and release of arachidonic acid and other lipid 
mediators at the synapse: the role of platelet-activating fac-
tor. J Lipid Mediat 1993; 6: 421-427

59	 Piomelli D. Arachidonic acid in cell signaling. Curr Opin Cell 
Biol 1993; 5: 274-280

60	 Simonato M. A pathogenetic hypothesis of temporal lobe 
epilepsy. Pharmacol Res 1993; 27: 217-225

61	 Gattaz WF, Köllisch M, Thuren T, Virtanen JA, Kinnunen 
PK. Increased plasma phospholipase-A2 activity in schizo-
phrenic patients: reduction after neuroleptic therapy. Biol 
Psychiatry 1987; 22: 421-426

62	 Gattaz WF, Schmitt A, Maras A. Increased platelet phospho-
lipase A2 activity in schizophrenia. Schizophr Res 1995; 16: 1-6 

63	 Ross BM, Turenne S, Moszczynska A, Warsh JJ, Kish SJ. Dif-
ferential alteration of phospholipase A2 activities in brain of 
patients with schizophrenia. Brain Res 1999; 821: 407-413 

64	 Tavares H, Yacubian J, Talib LL, Barbosa NR, Gattaz WF. 

Increased phospholipase A2 activity in schizophrenia with 
absent response to niacin. Schizophr Res 2003; 61: 1-6

65	 Ross BM, Moszczynska A, Erlich J, Kish SJ. Phospholipid-
metabolizing enzymes in Alzheimer’s disease: increased 
lysophospholipid acyltransferase activity and decreased 
phospholipase A2 activity. J Neurochem 1998; 70: 786-793

66	 Gattaz WF, Maras A, Cairns NJ, Levy R, Förstl H. Decreased 
phospholipase A2 activity in Alzheimer brains. Biol Psychia-
try 1995; 37: 13-17

67	 Emmerling MR, Moore CJ, Doyle PD, Carroll RT, Davis RE. 
Phospholipase A2 activation influences the processing and 
secretion of the amyloid precursor protein. Biochem Biophys 
Res Commun 1993; 197: 292-297

68	 Cho HW, Kim JH, Choi S, Kim HJ. Phospholipase A2 is in-
volved in muscarinic receptor-mediated sAPPalpha release 
independently of cyclooxygenase or lypoxygenase activity in 
SH-SY5Y cells. Neurosci Lett 2006; 397: 214-218

69	 Gattaz WF, Cairns NJ, Levy R, Förstl H, Braus DF, Maras 
A. Decreased phospholipase A2 activity in the brain and in 
platelets of patients with Alzheimer’s disease. Eur Arch Psy-
chiatry Clin Neurosci 1996; 246: 129-131

70	 Gattaz WF, Forlenza OV, Talib LL, Barbosa NR, Bottino CM. 
Platelet phospholipase A(2) activity in Alzheimer’s disease 
and mild cognitive impairment. J Neural Transm 2004; 111: 
591-601

71	 Forlenza OV, Wacker P, Nunes PV, Yacubian J, Castro CC, 
Otaduy MC, Gattaz WF. Reduced phospholipid breakdown 
in Alzheimer’s brains: a 31P spectroscopy study. Psychophar-
macology (Berl) 2005; 180: 359-365

72	 Petersen RC, Doody R, Kurz A, Mohs RC, Morris JC, Rabins 
PV, Ritchie K, Rossor M, Thal L, Winblad B. Current con-
cepts in mild cognitive impairment. Arch Neurol 2001; 58: 
1985-1992

73	 Petersen RC, Stevens JC, Ganguli M, Tangalos EG, Cum-
mings JL, DeKosky ST. Practice parameter: early detection 
of dementia: mild cognitive impairment (an evidence-based 
review). Report of the Quality Standards Subcommittee of 
the American Academy of Neurology. Neurology 2001; 56: 
1133-1142

74	 Talib LL, Yassuda MS, Diniz BS, Forlenza OV, Gattaz WF. 
Cognitive training increases platelet PLA2 activity in healthy 
elderly subjects. Prostaglandins Leukot Essent Fatty Acids 2008; 
78: 265-269

S- Editor  Wang JL    L- Editor  Hughes D    E- Editor  Zheng XM

Talib LL et al . Platelet biomarkers in Alzheimer’s disease


