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Abstract: In the past decade, enormous efforts have been devoted to understand the genetics and molecular pathogenesis of Alzheimer’s 
disease (AD), which has been transferred into extensive experimental approaches aimed at reversing disease progression. The trend in fu-

ture AD therapy has been shifted from traditional anti-acetylcholinesterase treatment to multiple mechanisms-based therapy targeting 
amyloid plaques formation and amyloid peptides (A )-mediated cytotoxicity, and neurofibrillary tangles generation. This review will 

cover current experimental studies with the focus on secretases-based drug development, immunotherapy, and anti-neurofibrillary tangles 
intervention. The outcome of these on-going studies may provide high hope that AD can be cured in the future. 
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INTRODUCTION 

 Alzheimer’s disease (AD) is the most common cause of demen-
tia characterized by progressive cognitive impairment in the elderly 
people. According to the World Health Organization, it is estimated 
that 50% of people older than age 85 years are afflicted with AD. 
Neurofibrillary tangles comprising hyperphosphorylated tau pro-
teins and neuritic amyloid plaques represent the core neuropa-
thologic features of AD [20]. Although cholinesterase inhibitors 
including tacrine, donepezil and galantamine have been used for 
symptomatic treatment of patients with AD, these conventional 
treatments fail to postpone the progression of the disease [30, 65, 
70]. The ideal therapies for AD should be not only effectively im-
proving the dementia symptoms but also fundamentally reducing 
the burden of senile plaques and neurofibrillary tangles and thus 
protect the neurons from degeneration. Currently several drugs and 
agents that either affect secretory amyloid precursor degradation, or 
inhibit amyloid peptides aggregation or block hyperphosphorylated 
tau protein formation are under investigation in preclinical trials. 
While the perspective of other therapies such as immunotherapy, 
anti-apoptotic therapy and anti-inflammatory therapy remain blurred 
for the uncertainty of whether they can be used in human beings as 
safely and effectively as in animals. These new approaches are 
representatives of current therapeutic development for the treatment 
of AD.  

APPROACHES AIMED AT A  GENERATION AND DEG-

RADATION 

 In normal process, amyloid precursor protein (APP) is cleaved 
by -secretase to release a large, soluble ectodomain fragment 
(soluble APP [s APP , leaving a C-terminal fragment of 83 
amino acids (C83) which can undergo secondary cleavage by the -
secretase to generate a small peptide that makes up the latter two 
thirds of the -amyloid protein region (p3). APP can also undergo 
abnormal cleavage processing at the amino terminus of A  by a 
membrane-bound aspartyl protease ( -secretase), generating a large 
secreted derivative (soluble APP  [sAPP ]) and a membrane-bound 

-cleaved carboxy terminal fragment (CTF ; also known as C99). 
Cleavage of CTF  by -secretase results in the production of the 
A 40 and A 42 species, the latter of which is prone to aggregation 
[20, 81]. Two genes in which mutations are associated with early 
onset familial AD have been identified as Presenilin 1 (PS1) on 
chromosome 14 and Presenilin 2 (PS2) on chromosome 1 [17]. 
Mutations in PS1 and PS2 lead to an excessive A 42 peptide depo-
sition in the neurons [90]. Intracellular A 42 peptide accumulation 
is demonstrated to initiate A -peptide cascades causing free radical 
generation, inflammatory response, calcium homeostasis alteration, 
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and mitochondrial dysfunction, all of which are responsible for 
neuron injury and death [16, 66, 81]. Therefore, attempt to enhance 

-secretase activity or to inhibit -secretase and -secretase activity 
seems to be a promising strategy. Furthermore, immunotherapies 
using vaccine or A  specific antibodies to degrade amyloid plaques 
have been shown effective in animal models of AD (Fig. 1). 

-Secretase Inhibitors 

-secretase is known as a membrane-bound aspartic acid (Asp) 
protease. -secretase plays an important role in converting APP into 
sAPP  and A  production. Inhibition of -secretase activity is ex-
pected to reduce the production of toxic amyloid plaques. -
secretase, containing leucine residue, acidic residues, and bulky 
hydrophobic residues, has a loose substrate specificity and its rec-
ognition site extends over several amino acids displaying poor ki-
netic to its known substrates [36]. Two -secretase inhibitors named 
as OM99-1 and OM99-2 were shown potent inhibitory effect on the 

-secretase cleavage site in APP [35, 38]. Chang et al. [19] demon-
strated that -secretase inhibitors had significant activity of A
clearance in Tg2576 transgenic AD mice model through intraperi-
toneal injection of the conjugated inhibitors of -secretase. Drugs 
developed from -secretase inhibitors are expected to possess high 
clinical efficacy and high blood brain barrier (BBB) permeability. 
Arbel et al. [7] reported that intracellular and extracellular A  pro-
duction can be inhibited by specific antibodies against the -secre-
tase cleavage site of APP. Treatment with the specific antibodies 
reduced the intracellular deposition of A 42 by 13% in 3h accom-
panied by 20% reduction of membrane-bound C-terminal fragment 
C99 compared with control group [7]. It is believed that using spe-
cific antibodies to block the activation of -secretase would be of 
interest for further investigation. 

-Secretase Inhibitors  

-secretase is a membrane-bound protease that cleaves within 
the transmembrane region of APP to generate the C-termini of the 
A  peptides. In addition, numerous evidences indicate that the cata-
lytic activity of -secretase resides in PS1/PS2 protein which is 
necessary for the intercellular signaling pathway of cell-surface 
receptor Notch and has been linked with the production of A 42 
[5]. Dozens of missense mutations in the PS genes have been iden-
tified to be associated with early onset familial AD [7, 17, 83]. Pep-
tidic inhibitors such as difluoroketone peptidomimetic 1 (MW167) 
are reported to be able to inhibit -secretase activity and amyloid 
plaques formation in APP transfected cell cultures [81]. Like other 
peptidic inhibitors, this compound can also reduce the formation of 
Notch intracellular domain (NICD) [81]. NICD can interact with 
several transcriptional factors, thus is essential for neuronal differ-
entiation, spermatogenesis, oogenesis, and myogenesis [81]. Side 
effect caused by disrupted Notch receptor signaling pathway has 
been reported in zebrafish model [33]. Two relative new orally -
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secretase inhibitors are found more effective and have fewer side 
effects [5, 10]. BMS 289948 (benzene sulfonamide hydrochloride) 
and BMS 299897, (fluorobenzenepropanoic acid) have been used in 
APP-YAC transgenic mice and in guinea pigs. At the dose of 100 
mg/kg, the reduction effects of these compounds on brain and 
plasma A  levels can be rapidly achieved within 20min [5, 10]. In 
addition, these compounds exhibit little toxicity mediated by Notch 
inhibition [5]. Several inhibitors are currently undergoing clinical 
phase I trial. Another -secretase inhibitor, LY450139, has been 
reported to inhibit A  formation in whole cell assays, in transgenic 
mice and in beagle dogs [74]. In clinical trial, LY450139 causes a 
dose-dependent A  reduction in plasma and cerebrospinal fluid. 
This drug is well tolerated and safe at a dose of 50mg per day [74]. 
Nonpeptidic inhibitors such as JLK inhibitors (JLK2, JLK6, JLK7) 
are highly specific and effective in blocking -secretase and clear-
ing A  by approximately 80% in HEK293 cells overexpressing 
wild-type -APP [62]. At a concentration of 100 M these JLK 
inhibitors do not interfere with Notch pathway. Furthermore, sev-
eral other inhibitors such as PS1 inhibitors L-685458, L-852646, 
and DAPT (WO 9822494), and a novel compound NVP-AHW700-
NX, (a derivative of L-685458), as well as the SPP inhibitors (Z-
LL)2-ketone and TBL4K have been reported in preclinical studies 
[5, 92]. Moreover, Nicastrin, a glycoprotein subunit of -secretase 
complex acting as a receptor to recruit relative substrates into -
secretase, participates in conjugation to new amino terminus and 
generates proteolysis of extracellular APP and Notch domain [78].
Artificial compounds or antibody specifically inhibiting the binding 
of the -secretase-cleaved APP to the nicastrin may have potential 
to become promising drugs for the treatment of AD. 

-Secretase Activators 

 The -secretase is a member of a disintegrin and metalloprote-
ase (ADAM) family. Cleavage of APP by -secretase within the A
peptide domain produces the neurotrophic and neuroprotective 
sAPP  that is essential for neuronal development [5]. This process 
can be induced by overexpression of ADAM10 family such as 
ADAM10 or ADAM17 (tumor necrosis factor-alpha converting 
enzyme) or by the activation of second messenger cascades [5]. 
Postina et al. [64] developed transgenic mice encoding with human 
mutant APP with overexpression of ADAM10 gene or catalytically 
inactive ADAM10 mutant gene. The secretion of the neurotrophic 
sAPP  was increased and the formation of A  peptides was de-
creased with the reduction of amyloid plaques deposition in ADAM 
10 overexpression models [64]. In addition, the animal models 
showed alleviation on cognitive deficit [64]. However, expression 
of mutant catalytically inactive ADAM 10 models showed an en-
hancement of the number and size of amyloid plaques in the brains 
of double-transgenic mice [64]. What is more exciting is that sev-
eral agents such as muscarinic agonists, cholesterol-lowering drugs, 
steroid hor-mones, non-steroidal anti-inflammatory drugs can 
upregulate the expression of several ADAM family members 
through the activation of second messenger cascades [29].  

 Protein kinase C (PKC) is also involved in the processing of 
APP. A central and potentially critical locus of convergence be-
tween memory acquisition and memory loss in AD is PKC activa-
tion, which can be impaired by amyloid plaques [28, 88]. PKC 
activation can induce the synthesis of proteins necessary and suffi-
cient for subsequent long-term memory consolidation [4]. Moreo-

Fig. (1). Processing of amyloid precursor protein (APP) and potential therapeutic targets. 

APP proteolysis undergo two different ways which include hydrolysis catalysed by -secretase, resulting in release of soluble -APPs, and the intra-membrane 

proteolysis catalysed by -secretase and produce peptides P3. The second pathway involves -secretase catalyse which produce -APPs and A  peptides, 
which ranging in length from 40 to 42 amino acids. A 42 peptide is prone to aggregation and formation of amyloid plaques lead to cell degeneration. Promote 

activation of -secretase (B) as well as inhibit -secretase (A) and -secretase (C) are promising targets. Immunotherapies use vaccine or A  specific antibod-
ies to promote amyloid plaques degradation (D) have been shown safe and effective in animal models. Anti-microglia activation (NSAID) (E) Anti-apoptotic 

approaches and mitochondrial dysfunciton (F), and anti-oxidative stress agents (G) are benefit in blocking degeneration process.
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ver, PKC activators benzolactam (BL) and bryostatin 1 at subnano-
molar concentrations restore the function of K+channels and en-
hance the activation of -secretase significantly in fibroblast cells 
of AD patients [28]. These activators have been tested in APP 
[V717I] transgenic mice showing effectively increasing sAPP and 
reducing both A 40 and A 42 [28]. Treatment with bryostatin 1 
attenuates the cognitive impairment and behavioral deficit in this 
animal model [28]. Since PKC activator plays a role in -secretase 
activation and regulates the metabolism of APP, it might be consid-
ered as a potential therapeutic agent for AD. 

Promotion of A  Clearance  

 A  generated from abnormal cleaves process can cause the 
oligomerization of the peptide and eventually lead to A  fibrilliza-
tion, plaques deposition and triggered amyloid cascade [5]. This 
cascade is evidently associated with inflammatory response and 
free radicals mediated oxidative injury [71]. In addition, the accu-
mulation of oligomerized A  proteins is responsible for altering 
ionic homeostasis [5]. Excessive calcium entering into neurons can 
contribute to selective neuronal dysfunction and cell death. There-
fore, approaches aiming at promoting A  clearance may have great 
potential.  

 There are numerous proteases in the brain that participate in A
degradation. Neprilysin, a type 2 membrane protein on the cell 
surface, has recently been implicated as a major extracellular A 42 
degrading enzyme in the brain. Marr et al. applied lentiviral vector 
that expresses human neprilysin (named Lenti-Nep) in APP [V717I] 
transgenic mouse [50]. Intracerebral injection of Lenti-Nep signifi-
cantly reduces amyloid deposits and neuron degeneration in this 
mouse model [50]. Analysis of dendritic integrity with mitogen-
activated protein (MAP2) antibody shows that Lenti-Nep transfec-
tion results in 16.27% more MAP2 immunoreactivity on the treated 
side compared with 3.7±11% decrease in control group [50]. Insu-
lin-Degrading Enzyme (IDE), a protease helping degrade gluca-
gons, also plays an important role in A  degradation. Recombinant 
IDE is reported to reduce A  toxicity and deposition in cortical 
neuronal cultures [44, 56].  

-sheet breaker that could degrade A  is another potential target 
for AD. Soto et al. [79] designed a peptide (i A11) containing N-
terminal domain of A  that mainly contributes to A  fibrillogene-
sis. This breaker can bind to A  and block the interaction between 
monomers, oligomers and prevent the formation of amyloid fibrils. 
Soto et al. [80] reported another shorter -sheet breaker peptide 
iA 5, which inhibits amyloid formation in vitro and reduces A -
induced toxicity in human neuroblastoma cells. A new -sheet 
breaker iA 5p has been tested in animal models of AD [18, 61]. 
Double transgenic mouse model overexpressing human APP Lon-
don mutation (V717I) and human PS1 A246E mutation was used.
Intra-cerebroventricular injection of 2.5 mg of iA 5p for 8 weeks 
shows a 67.3% reduction of amyloid burden as compared to con-
trols; while injection of 1 mg iA 5p three times a week for 8 week 
reveals a 46.5% reduction of amyloid load [61]. iA 5p treated 
mice also demonstrate an increase in neuronal survival [61]. Intra 
hippocampal injection of iA 5p showes a reduction of the amyloid 
deposit and decreased astrocytic response associated with im-
provement in behavioral deficit after 1 month treatment [18]. iA 5p
is protected by acetylation in the amino terminus and amidation in 
the carboxyl terminus to provide high stability and BBB permeabil-
ity in human plasma compared with other breakers [20, 18, 61]. 

 Low molecular weight heparin is a traditional drug used as anti-
coagulation agent for the treatment of cerebral infarction and other 
thrombogenesis disorders. This traditional drug has come into sight 
because of its interfering metabolism of amyloid plaques and reduc-
ing accumulation of -amyloid [11]. One research reported that 
long-term treatment with enoxaparin, a low molecular weight hepa-
rin, in APP751 transgenic mice can significantly reduce the deposi-
tion of amyloid plaques and A  aggregation [11]. Chronic treat-

ment with enoxaparin is well tolerated and does not increase side 
effects such as hemorrhage in the brain. Although the mechanism is 
not clear yet, reducing ability of A  to activate the complement 
systems and its classical pathway may play a role. 

 Recent study also suggests that exercise may affect disease 
progression. It has been reported that 5 months voluntary exercise 
in TgCRND8 mice can lead to a decrease in extracellular A
plaques deposition in the frontal cortex by 38% and 40% in hippo-
campus associated with 22% reduction in A 42 level [2]. This ef-
fect is independent of neprilysin and IDE but related to the change 
in neuronal metabolism [51]. 

 Several high lipophilicity small compounds such as Pittsburgh 
Compound-B (PIB) and 2-Dialkylamino-6- acylmalo-nonitrile sub-
stituted naphthalenes (FDDNP) have now been used as early bio-
markers of AD [3, 42]. They are highly specific and sensitive in 
detecting A  deposition by [18F] PET imaging. These compounds 
have been found to be able to cross the BBB and specifically bind 
to senile amyloid plaques and NFTs in vivo in the human brain [3, 
42]. Furthermore, the discovery of a new binding site of FDDNP 
and PIB to amyloid plaques also helps in the optimization of the A
degradation potency of experimental drugs and opens a new avenue 
for the early treatment of AD [68]. 

IMMUNOTHERAPY FOR THE TREATMENT OF AD 

 Immunotherapy has been demonstrated effectively in removal 
of proteins which accumulate abnormally in animal models of AD 
and other dementias [14]. Several immunotherapies for AD have 
been tried in mouse models with transgenic Swedish mutant APP 
gene [94]. These models develop diffuse deposits of amyloid 
plaques in the brain at the middle age. Schenk and his colleagues 
[73] reported that once the transgenic mice were injected with hu-
man A 1–42 (AN-1792) these mice produce high titer antibodies 
against the peptide. Bard et al. [9] reported that antibodies adminis-
trated systematically could enter the CNS and bind to A , followed 
by recruitment and activation of microglia, indicating that micro-
glia-triggered phagocytose may play a role in the clearance of amy-
loid plaques. Other research suggested that long-term systematical 
administration of specific monoclonal (m266) antibodies disrupts 
the A  equilibrium between the CNS and plasma and leads to an 
increasing of A  efflux out of the brain into the periphery where it 
is degraded [23]. Resent studies demonstrated that antibodies could 
direct against A 42 and inhibit both fibrillogenesis and cytotoxicity 
[32]. Weiner et al. [93] used oral or nasally administered A 40 to 
immunize the PDAPP mice and find a 60% reduction in amyloid
burden. In another mice model (Tg2576), immunization with a non-
toxic and nonfibrillar  amyloid homologous peptide has been 
shown to reduce AD associated pathology [76]. Nonfibrillogenic 
A  derivative K6A beta1-30 has been reported equally benefit for 
amyloid burden reduction and cognitive improvement with fewer 
side effects in the mouse model [75]. Furthermore, the reduction of 
A level linked to behavioral improvement is observed in TgCRND8 
model [52]. Clinical trials using A 42 (AN-1792) started in 2001 
after preclinical tests in several species of animal models. The clini-
cal trial results seem promising after phase I trials but stopped 1 
years later in clinical phase  because of 18 of 298 (6%) patients 
treated with AN1792 eventually suffered from encephalitis com-
pared with 0 of 74 on placebo [59]. Neurophathological examina-
tion of the brain in the patients reveals CD4+ T and CD8+ T cells 
infiltration in neocortex and macrophages infiltration in white mat-
ter [58]. For most patients, A 42 immunization provides effective 
immune response and promotes amyloid plaques degradation. In 
addition, Hock et al. [37] demonstrated that patients who receive 
active immunization show slower rate decline in cognitive function 
and the treatment is well tolerated. Immunization with the full-
length A 42 peptide, containing both B and T cell epitopes, can be 
more effective in enhancing T cell activation to A  clearance [32]. 
It is desired to have Th2 immune response to promote antibody 
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production and inhibit proinflammatory Th1 response that could 
activate imbroglio-induced cytokine release and neurotoxicity [32]. 
DNA vaccination may open up a new avenue for treatment of AD. 
Ghochikyan et al. [34] constructed a DNA minigene with A 42
fused to mouse interleukin-4 as a molecular adjuvant to generate 
anti-A  antibodies. This compound successfully enhances the Th2 
immune responses and induces the generation of IgG1 and IgG2b 
A  antibodies recognize plaques [34]. Qu et al. [67] vaccinated 
mice with plasmid encoding A 42. The mice elicit humoral im-
mune responses against A  peptides without Th1-cell-mediated 
cytotoxic T lymphocyte response, suggesting that gene vaccination 
is relatively safe [67]. Nasal vaccination with a proteosome-based 
adjuvant (IVX-908) plus glatiramer acetate (GA), a synthetic co-
polymer used to treat multiple sclerosis is effective in reducing A
plaques deposition in an AD mouse model [31]. GA plus IVX-908 
treated group shows 84% reduction in A  accumulation compared 
with 50% reduction in the A  vaccination group in APP-Tg mice 
[31]. Such treatment does not require the presence of antibody but 
the microglia-mediated A  clearance. 

 Passive immunotherapy includes administration of specific 
amyloid peptide antibodies that would bypass immune response and 
would not lead to T cell-mediated encephalitis -amyloid peptide 
antibodies (10D5) not only inhibit aggregation of A  but also re-
duce plaque-induced neuritic alterations and cytotoxicity in APP 
[V717I] transgenic mouse model [48]. Clinical study indicates that 
intravenous administration of immunoglobulin (IVIg) containing 
amyloid peptide antibodies to 6 elderly patients with sporadic AD 
show significant cognitive improvement after the 6 months of ther-
apy [25]. Although no meningoencephalitis case is reported so far, 
cerebral hemorrhage has been observed in mouse model [63]. In 
addition, to maintain stable levels of antibodies in serum requires 
repeated administration [63]. 

AGENTS INHIBIT NEUROFIBRILLARY TANGLES (NFTS) 

IN AD 

 Another pathologically hallmark of AD is NFTs, which are 
composed of intracellular filamentous aggregates of hyperphos-
phorylated microtubule (MT)-associated tau protein, self-conversion 
into paired helical filaments (PHF-tau). Numerous mutations of tau 
gene have been detected in chromosome 17 that is linked to several 
forms of frontotemporal dementias [21]. Dysfunction of tau pro-
teins is responsible for the failure of the self-assembling tau to regu-
late the MT dynamics that is essential for cell survival. Drugs tar-
geting tau hyperphosphorylation and NFTs may benefit for slowing 
AD progression (Fig. 2). Formation of NFTs and PHF-tau in AD is 
not due to mutations in the tau gene but rather to some cellular cas-
cade including A  activation that leads to abnormal hyperphos-
phorylation of tau proteins [54]. Tau can be phosphorylated by 
several kinases including glycogen synthase kinase-3  (GSK3 )
and cyclin-dependent kinase 5 (CDK5) that can be regulated by A
deposition [47]. Inhibition of cellular GSK3  by lithium or GSK
antisense reduced A  aggregation [47]. However, Ryder et al. [72] 
reported that inhibition of CDK5 activity by CDK5 inhibitor rosco-
vitine or CDK5 antisense could enhance A  production. In addi-
tion, CDK5 activity can be regulated by a 25-kDa protein P25, 
which is generated from a myristoylated membrane-attached pro-
tein P35 to undergo calpain-mediated cleavage. The CDK5/P25 
complex could be delocalized from the plasma membrane and may 
result in phosphorylation of substrates such as tau [54]. Based on 
structural insight into diversity ATP-binding site of different 
kinases through crystallizing technology, specific and selective 
kina-ses inhibitors become more achievable [54]. AR-A014418 is a 
specific and selective GSK3  inhibitor without interfering with 
CDK5 and CDK2 pathway [12]. This compound inhibits tau phos-
phorylation at a GSK3-specific site (Ser-396) in an ATP-competitive 
manner in cells and provides neuroprotection by block GSK3 -
mediated pathway activated by A  [12]. In addition, AR-A014418 

protected N2A neuroblastoma cells against cell death mediated by 
inhibition of the phosphatidylinositol 3-kinase and protein kinase B 
survival pathway [12]. MT-stabilizing drugs have now been caught 
a lot of attention because these agents could enhance neuron sur-
vival and reduce A -induced apoptosis [54]. MT-stabi-lizing agents 
such as paclitaxel that not only enhance neuron survival by block-
ing A -mediated cytotoxicity but also inhibit both CDK5-induced 
phosphorylation and calpain-mediated cleavage of P35 to P25 [45, 
53]. Paclitaxel does not directly inhibit CDK5 rather blocks A -
induced calpain activation and decrease the formation of CDK5 
activator P25 [45, 53]. Resent research highlights the androgens in 
preventing tau hyperphosphorylation [60]. Papasozomenos et al.
[60] showed that testosterone provides protection through inhibiting 
heat shock protein mediated activation of GSK3  in rat models 
[60]. This result suggests that hormone replacement therapy might 
be useful in AD prevention.  

SMALL INTERFERING RNA FOR THE TREATMENT OF 

AD

 Approaches targeting mRNA recognition and its down-regu-

lation of specific genes are based on the antisense action of small 
inhibitory nucleic acids such as small interfering RNA (siRNA). 
siRNA recognizes the target molecule via sequence- specific Wat-
son–Crick base- pairing then leading to the formation of a comple-
mentary siRNA/mRNA duplex that initiates inhibition of translation 
of target mRNA. Design specific siRNA targeting to -secretase 
and -secretase that affects leavage of APP may be a potential 

Fig (2). Tau phosphorylation procedures and related target site. Deposi-

tion of extracellular A  may lead to activation of GSK3  pathway and cal-
pain-mediated pathway includes generation of P25 from P35 that results in 

formation of P25 and CDK5 complex. However, the complex plays an im-
portant role in transforming tau to hyperphosphorylated tau. Develop specific 

GSK3  inhibitor, CD5K inhibitor and MT-stabilizing drugs may attenuate 

the formation of hyperphosphorylated tau that would benefit for AD. 
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therapeutic approach for the treatment of AD [57]. Luo et al. [49] 
used three siRNAs that recognize specific sequence of PS1 in Chi-
nese hamster ovary (CHO) cell line transfected with mutant PS1 
gene and APP gene of AD patients (CHO/PS1/ APP). The expres-
sion of PS1 and generation of A 42 is significantly reduced after 
siRNA interference in a time-depen-dent and dose-dependent man-
ner [49]. Miller et al. [55] constructed siRNAs that are specific 
against a tau mutation (V337M) and APP mutation (APPsw). These 
allele-specific siRNAs successfully silence the mutant tau and APP 
expression [55]. Silence the expression of -secretase by siRNA is 
found effectively blocking the formation of amyloid plaques [77]. 
Lentiviral vectors expressing siRNAs targeting -secretase1 can 
reduce amyloid production and improve behavioral deficits in APP 
transgenic mice [77]. Furthermore, -secretase silence also provides 
neuroprotection by reducing formation of free radical, oxidative 
stress and neurotoxicity [41]. It is believed that selectively silencing 
mutant genes which cause AD represents a novel therapeutic alter-
native for the treatment of AD and related dementias.  

 Other approaches designed to inhibit -secretase gene expres-
sion include applications of antisense oligonucleotides. A 25-nt 
antisense oligomers directly against aspartyl protease mRNA have 
been documented to significantly reduce the -secretase transcrip-
tion level and the A 40 and A 42 peptides levels by 50-80% in 
HEK293 cells overexpressing APP695 with Swedish mutation [57]. 
Antisense, ribozyme and deoxyribozyme strategies have been the 
subjects of many pre-clinical trials in recent years [43]. 

GENE AND CELL THERAPY IN AD 

 Since nerve growth factor (NGF) was discovered to rescue cho-
linergic neurons from apoptosis in 1986, gene therapy with NGF, 
glial derived neurotrophic factor (GDNF), brain derived neurotro-
phic factor (BDNF) and neprilysin for the treatment of AD and 
related neurodegenerative disorders has been undergoing various 
experimental and clinical trials [8, 87]. These therapies have been 
reported not only effective in preventing degeneration of choliner-
gic neurons but also in ameliorating behavioral deficit and memory 
impairment in animal models of AD [15]. However, it is a chal-
lenge to establish a delivery system that is safe, high efficacy and 
simple [74]. Dodart and colleagues [24] directly deliver lentiviral 
vectors expressing three common human apoE isoforms (apoE2, 
apoE3, and apoE4) into mouse cerebrum. Gene delivery of apoE2 
shows reduction of A  burden and formation of amyloid plaques 
while apoE4 gene livery displays a contrary result [24]. NGF is 
another target of gene therapy for AD [85]. A phase I clinical trial 
of NGF gene for AD has been initiated in USA. Patients received 
NGF secreting autologous fibroblasts that are implanted in the re-
gion of Meynert nucleus are well tolerated and their cognitive de-
cline is improved in correlation with an increasing in metabolic 
activity in the cortex detected by PET scan [15, 86]. 

 Stem cells are another potential resource of therapy for the 
treatment of AD because of its ability to differentiate into all kinds 
of neuronal cells. Transplantation of cholinergic neuronal stem cells 
has been reported to result in memory improvement and elevation 
in numbers of cholinergic neurons in vitro and in vivo [91]. In ani-
mal models of AD, stem cell transplantation has showed some 
promising results in preventing disease progression [39, 82]. With 
the advances in gene switch technology, the stem cells become 
more controllable in regulating target gene expression and promot-
ing the differentiation of stem cells into designed neurons. 

MULTIFUNCTIONAL NEUROPROTECTIVE AND NEU-
RORESCUE DRUGS FOR AD 

 Resent therapeutic designs are interested in multi-targets drugs 
which may provide different and diverse neuroprotective effects 
aimed at increasing the expression of sAPP , decreasing the levels 
of A , protecting mitochondrial function and providing anti-
apoptosis [95,96]. These agents with various CNS targets are poten-

tial to become therapeutic drugs for the treatment of AD and other 
neurodegenerative disorders. Several of these drugs are undergoing 
clinical trials [89], including ladostigil (TV3326) [(N-propargyl-
(3R) aminoindan-5yl)-ethyl methyl carbamate], which combine 
rasagiline, a selective monoamine oxidase (MAO)-B inhibitor, with 
cholinesterase (ChE) inhibiter rivastigmine or iron chelator M30 
[96]. It has been reported that ladostigil is effective in stimulating 
the expression of anti-apoptotic genes Bcl-2 and pPKC, and inhibit-
ing apoptotic-induced genes Bax, Bad and caspase 3. In addition, 
ladostigil can enhance sAPP  via protein kinase C-MAP kinase 
dependent pathway and decrease the levels of holo-APP [95, 96] 
(Fig. 3). In clinical trial, ladostigil has been shown in improving 
cognitive function and memory impairment induced by scopola-
mine in rat model through its ChE inhibitory activity [89,95,96]. 
The development of multifunctional drugs aimed at multiple thera-
peutic targets to both pathology and mechanism of disease may 
achieve a great degree of success by improving clinical manifesta-
tion and delaying disease progression in molecular and biological 
levels.  

ANTI-OXIDATIVE, ANTI-INFLAMMATORY AND ANTI-

APOPTOTIC AGENTS FOR AD 

 Accumulating evidences indicate that oxidative stress, micro-
glia-mediated inflammatory response and caspase-mediated apopto-
sis increase neuron damage and exacerbate AD pathogenesis [6, 26, 
40]. The expression of apoptotic genes caspase 3, caspase 8 and 
caspase 9 has been reported elevated in the brains of patients with 
AD [5]. Whether this process is triggered by A  deposition still 
remains a further investigation. Troy et al. [84] reported that A
cytotoxicity is related to c-Jun NH2-terminal kinase (JNK) and 
caspases, both of which can be potential target sites for drug devel-
opment. Several anti-oxidative agents or free radical scavengers 
such as Vitamin E and Idebenone have been shown valuable in 
attenuating disease progression by reducing A -induced oxidative 
damage in clinical trials [5]. Because of well tolerance and relative 
safe, these anti-oxidants and radical scavengers are believed useful 
in AD prevention. Long-term use of non-steroidal anti-inflamma-
tory drugs (NSAIDs) is found to reduce risk for the development of 
AD [27]. NSAIDs are effective in blocking microglia activation and 
lowering the levels of A 42 through interfering -secretase function 
[27]. In addition, NSAIDs such as aspirin have been reported not 
only inhibiting iNOS production by interfering its synthesis and 
catalysis but also providing neuroproteciton by abolishing NO2

_

+NO3
_ accumulation in cell-free media [5]. Other experimental 

therapies for the treatment of AD include metal chelators and exci-
tatory toxic amino acid (EAA) blockers as summarized in (Table 1).  

 Epigallocatechin gallate (EGCG), a major monomer of green 
tea polyphenol, has been demonstrated to block microglia-induced 
neuronal damage through inhibition of NO and TNF-  secretion 
from activated microglia [46]. A recent study reported that EGCG 
can reduce amyloid plaques deposition and promote -secretase 
proteolytic pathway, which may suggest that EGCG dietary sup-
plementation may be a prophylaxis therapeutic choice for AD [69]. 

ADENOSINE RECEPTOR ANTAGONIST 

 Currently, the greatest interest of adenosine A2A receptor an-
tagonist is associated with its neuroprotective effect against neu-
rodegenerative disorders such as AD and Parkinson’s disease (PD). 
Selective A2A receptor antagonist can inhibit the neuronal degen-
eration caused by exposure of rat cultured cerebellar granule neu-
rons to fragment 25-35 of A- , suggesting this agent may be effec-
tive in anti-neuronal toxicity and oxidative stress [22]. 

CONCLUSION AND OUTLOOK 

 The advances in understanding molecular and genetic mecha-
nisms of AD lead to discovery of various potential therapeutic tar-
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gets and provide us hope that new drugs acting on these targets 
could delay disease progression. Several of these therapies are now 
under clinical investigation and evaluation. Immunotherapy, which 
shows optimism in reducing AD pathology in transgenic mice, 
confronts small but significant problems resulted from abnormal 
TH1 cell activation in clinical trials. However, vaccination with 
genes encoding specific sequences may enlighten the future of im-
munotherapy. Sequence-specific downregulation of -secre-tase1 
by small inhibitory nucleic acids including siRNA and antisense 
oligonucleotides has successfully lowered A  formation in experi-
mental trials. Although neuronal stem cell transplantation and gene 
intervention are still in preclinical testing, the preliminary data sug-
gest that these therapies may have some benefits. Multifunctional 
agents such as rasagiline and ladostigil as well as EGCG have been 
demonstrated to possess both anti-amyloid deposition and anti-
apoptotic effects, which can be used as preventive therapy for AD. 
With the new knowledge and findings of the causes and pathogene-
sis of AD, we believe that many more therapeutic targets will be 
identified, through which new drugs will be discovered and tested, 
and the ultimate goals to prevent or reverse the neurodegeneration 
in AD are sure to be achieved.  
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