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Dual targeting nano-approaches for 
Alzheimer’s disease etiology

Alzheimer’s disease (AD) is the most common 
progressive neurodegenerative disorder of 
aging. The characteristic features of AD begin 
as mild cognitive dysfunctions, which gradually 
progress to the fatal delirium through a total 
loss of cognition and executive motor functions 
(Pimplikar et al., 2010). Three decades later 
from now, more than 100 million people 
will suffer from AD worldwide by making it 
the most expensive disease (Prince et al., 
2013; Bloom, 2014). The major pathological 
hallmarks of the AD is the extracellular 
amyloid-beta (Aβ) plaques deposition and the 
intracellular neurofibrillary tangle-aggregation 
of hyperphosphorylated tau-proteins. Despite 
the fact that Aβ and tau-phosphorylation is the 
primary etiology for the AD, the recent concern 
developed on anti-amyloid mechanisms, such 
as cholinergic dysfunction and reactive oxygen 
species (ROS) generation. The current most 
prevalent clinical arena is, treating amyloid or 
non-amyloid hypothesis individually. However, 
the intercorrelated nature of amyloid and 
non-amyloid hypothesis governs the need 
of the intervention of combined diagnostic 
approaches.    

The amyloid formation consists of two phases, 
such as nucleation and elongation. In the 
nucleation phase, monomers undergo a 
conformational change to form the oligomeric 
nuclei, whereas, in the elongation phase, 
nuclei rapidly propagate to form mature fibrils 
(Figure 1A) (Kumar and Walter, 2011). Mature 
Aβ plaque production leads to the synaptic 
and neuronal loss that enhance cognitive 
impairment. Aβ plaques forms as a result of 
the sequential proteolytic processes of amyloid 
precursor protein (APP) and the three proteases 
of α, β, and γ-secretases. The β-secretase 
activity governs the rate-limiting step of the 
Aβ aggregation process (Zhang et al., 2015). 
However, the intercorrelation nature of the Aβ 
cascade with other non-amyloid etiology leads 
to the severity and ambiguity of the disease.

Acetylcholine is an essential neurotransmitter 
in the central and peripheral nervous systems. 
In the mi ld AD condit ions,  the level  of 
acetylcholinesterase enzyme, enhanced. As 
a causative, the acetylcholine and calcium-
binding protein levels reduced by inducing the 
tangle formation and cholinergic dysfunction. 
T h e refo re ,  t h e  m o st  co m m o n  c l i n i ca l 
diagnostic framework for the cholinergic 
dysfunction treatments builds only on the 
reduction of acetylcholinesterase. However, 
the interrelationship between cholinergic 
dysfunction and Aβ peptide deposition is 
essential to understand to drive the potential 
treatment strategies to an inspired level. 
The impaired cholinergic neurotransmission 
leads to an early stage of cognitive deficits, 
which further contributes to the Aβ plaque 
development in the later stage of AD. The 
cortical cholinergic dysfunction affects the 
expression and processing of APP, while the 
low soluble levels of Aβ act as the inhibitors 
for cholinergic synaptic function. Moreover, 
the loss or degeneration of basal cholinergic 
neurons has strong correlations with Aβ plaque 
deposition in the early stage of AD. Even though 

the exact causality of the degeneration of basal 
forebrain cholinergic cells and Aβ deposition is 
far from clarity, the interrelationship between 
basal forebrain cholinergic neurotransmission 
and metabolism of the APP is evidenced in last 
decade (Schliebs, 2005). Therefore, finding 
treatments to combat jointly against cholinergic 
dysfunction, and deposition of Aβ peptides, 
would be essential to reduce the risk level of 
the disease. 

Despite the mechanisms of the amyloid 
cascade, hyperphosphorylated tau-protein 
aggregation, and cholinergic dysfunction, the 
accumulation of neurotoxic ROS has been 
identified as another possible pathogenic 
mechanism that contributes to the severity of 
the AD. The brain consumes 20% more oxygen 
than other organs that have a  higher tendency 
to produce elevated levels of ROS in the brain. 
Thus the ROS, such as hydrogen peroxides, 
superoxide anions, nitric oxide, and hydroxyl 
radicals, cause to damage the neuronal lipid 
molecules, which ultimately leads to AD by 
destroying neurons. Moreover, Aβ deposition 
and ROS generation exhibit a synergistic 
equilibrium. The Aβ deposition enhances the 
level of ROS, whereas the APP expression 
upsurges when the brain attempts to repair the 
oxidative damage caused by ROS (Hettiarachchi 
et al., 2019b). Therefore, targeting the disease 
simultaneously in multifunctional pathological 
pathways, is crucially important to enhance the 
therapeutic efficacy.

The potential drugs used in current days 
have several limitations, such as poor drug 
solubility, lack of blood-brain barrier (BBB) 
penetration, short half-life, and enhanced 
cytotoxicity due to non-site-specificity. The 
nanoparticle (NP)-mediated deliveries became 
a highly popular alternative to oral and nasal 
drug administration. Nano platforms enhance 
the pharmacokinetics and pharmacodynamic 
properties by diminishing acute toxicity. In 
AD studies, NP-mediated single drug delivery 
systems are widely appl ied.  For the Aβ 
and tau treatments, mostly the Aβ binding 
small peptides and siRNA (which knocks 
down the BACE1 gene) have been tested 
with NP-mediated deliveries. Tacrine and 
galantamine hydrobromide are the most 
popular acetylcholinesterase inhibitors used 
with nano-motifs. Magnetic NPs, such as Fe3O4 
was used to identify the Cu2+ and Zn2+ ions, 
which tended to enhance the ROS production 
(Hettiarachchi et al., 2019b). However, due 
to the ambiguousness and broadness of the 
disease, individual pathologic treatments are 
far from the feasible remedy. Therefore, in 
this perspective article, we summarize a few 
targeted NP-mediated dual pathologic systems 
and their findings in recent AD studies. 

NPs based dual-targeted deliveries in AD: 
NPs are 1–100 nm in particle size, except 
the liposomal NPs, which ranges from 1 nm 
to 1 µm. The most commonly used NPs in 
AD studies are natural chitosan, synthetic 
polymeric, l iposomal, metallic (gold and 
magnetic), carbon-based (single-walled carbon 
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nanotubes, and carbon dots), and curcumin 
NPs. Metallic NPs were widely used in AD 
studies as colorimetric and fluorometric 
sensors.  Chitosan, synthetic polymeric, 
liposomal NPs, and carbon nanotubes have 
used as single/dual drug conjugated nano-
cargos. Carbon dots based drug deliveries are 
highly prevalent in brain oncology studies, 
although the usage in AD studies are minimal. 
Currently, curcumin and its’ NPs are becoming 
attentional due to the ability of curcumin to 
provide neuroprotection and to inhibit the Aβ 
and tau related phosphorylation (Hettiarachchi 
et al., 2019b). 

Characteristically, most of the NPs used in AD 
studies are non-toxic, non-immunogenic, non-
lethal, and biocompatible except the single-
walled carbon nanotubes which are toxic to 
human kidney cells, keratinocytes, and T-cells. 
Thus, the use of non-toxic, biocompatible NPs 
in AD studies is vitally essential while trying to 
implement dual pathogenesis targeted nano-
deliveries. However, the use of NPs as dual 
etiology targets are very minimal in AD studies. 
Thus, in the perspective article, we discuss 
three types of polymeric NPs that have applied 
in AD dual etiology targeted therapy.    

Most of the AD-related NP studies have 
targeted only one pathogenesis at once. 
However, the ambiguity of the disease and the 
intercorrelated nature of the etiology revealed 
the need for multiple drug co-deliveries that 
enhances the drug efficacy by the synergistic 
effect. Liu et al. (2016) have introduced a 
dual-targeted therapy to inhibit Aβ plaque 
deposition and p-tau related fibril formation 
by using a synthetic polymer of poly-L-lysines 
(DGLs). The positively charged DGLs NPs were 
covalently conjugated with two peptides 
RVG29 and D-peptide. RVG29 is a 29 amino-
acid peptide derived from rabies virus glycol 
protein, which facilitates the receptor-mediated 
endocytic BBB penetration by binding to the 
overexpressed n-acetylcholine receptor in 
the BBB. D-peptide is a 9 amino acid peptide 
(D-TLKIVWGKKKC), which inhibits the tau-
related fibril formation. The peptide conjugated 
DGLs NPs were electrostatically conjugated 
with BACE 1 antisense shRNA (shBACE-As). 
shBACE1-AS enabled the downregulation of the 
BACE1 enzyme to reduce the APP conversion 
into Aβ peptides. The in vitro BBB penetrability 
and the cytotoxicity of the NPs were monitored 
by a BBB model and SH-SY5Y cell lines. The 
in vivo studies were conducted with the APP/
PS1 double transgenic mouse model. The zeta 
potential and the particle size of the DGLs-
PEG-RVG29-D-peptide/shBACE1-As NPs were 
7.72 ± 2.8 mV and 97 nm, respectively. The less 
cytotoxic nature of the DGLs-PEG-RVG29-D-
peptide/shBACE1-As NPs was confirmed by the 
80% cell viability at the highest concentration 
of 200 µM. Immunofluorescence and p-tau 
positive immunostaining studies revealed 
the ability of DGLs-PEG-RVG29-D-peptide/
shBACE1-As NPs to downregulate the BACE1 
gene and p-tau positive signals in the AD 
mice hippocampus region. Ex vivo and the 
in vivo images were displayed the higher 
accumulation of RVG29 conjugated NPs in the 
mouse brain compared to bare NPs, confirming 
the efficiency of BBB penetrability of RVG29 
peptide. Therefore, DGLs-PEG-RVG29-D-
peptide/shBACE1-As NPs were excellent 
candidates to target dual pathologies in AD.

Poly (lactide-co-glycolic acid) (PLGA) polymeric 
NPs were used by Huang et al. (2017) to 
co-deliver S1 peptide and curcumin, along 
with iron-mimic cyclic peptide (CRT) (Figure 
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1B). The 6 amino acid S1 peptide (PQVGHL) 
promoted the Aβ inhibition process by binding 
to the cleavage site of β-secretase on APP. 
The polyphenolic compound, curcumin (Cur) 
used to reduce the neuroinflammation by 
diminishing the nitrogen oxide ROS related 
oxidative stress. CRT peptide (CRTIGPSVC) is 
a BBB penetration facilitator which binds to 
the transferrin receptors on BBB. The average 
particle size of the CRT-NP-S1+Cur NPs is 139.8 
nm, and the zeta potential is –25.7 mV. The 
in vitro biodistribution and the in vivo BBB 
penetration of NPs were analyzed by brain 
microvascular bEnd.3 cell lines and transgenic 
mice, respectively. The in vitro studies revealed 
that the higher number of CRT-NP-S1+Cur NP 
were found in bEnd.3 cell lines by the displayed 
higher fluorescence intensity inside the cells. 
Compared to the bare PLGA NPs, the CRT-
NP-S1+Cur NP were exhibited higher BBB 
penetration efficacy in the mouse brain (Figure 
1B). The Aβ40 and 42 burden depletion were 
measured by using AD mice, and the results 
displayed a higher reduction of Aβ40 and 42 
with CRT-NP-S1+Cur NPs compared to the NPs 
without S1 peptide (Figure 1C). Moreover, the 
elevated levels of cytokinesis tumor necrosis 
factor-α and IL-6 that release from activated 
microglia cells are common in ROS related AD 
brain. The excessive number of tumor necrosis 
factor-α and interleukin-6 leads to neuronal 
dysfunction and apoptosis. Therefore, Huang 
et al. (2017) further described CRT-NP-S1+Cur 
NPs were able to decrease the amount of 
tumor necrosis factor-α significantly and IL-6, 
emphasizing the efficiency of curcumin loaded 
NPs than bare NPs. 

PLGA-block-poly (ethylene glycol) (PLGA- 
PEG) polymeric NPs were used in Aβ and tau 
protein inhibition by Fan et al. (2018). PLGA-
PEG NPs were conjugated with B6 peptide 
(CGHKAKGPRK) to facilitate the endocytic 
BBB penetration by binding to the transferrin 
receptors on BBB. The curcumin was loaded 
into NPs to analyze the potential inhibition 
of tau and Aβ fibrils.  The zeta potential 
and the particle size of the PLGA-PEG-B6/
Cur NPs were 3.83 ± 0.89 mV and 150 nm, 
respectively. Less cytotoxic nature of the 
NPs was proved by the higher cell viability 
of HT22 cell lines at the concentration of  
500 µg/mL. Higher cellular uptake was observed 
by PLGA-PEG-B6/Cur NPs compared to the bare 
curcumin. Compared to the bare curcumin NPs, 
the PLGA-PEG-B6/Cur NPs displayed prominent 
Aβ burden depletion when injected into APP/
PS1. Not only the Aβ inhibition, but Cur loaded 
NPs also showed a significant inhibitory effect 
in tau protein expressions. Therefore, Fan et al. 
(2018) have shown the dual synergistic efficacy 
of curcumin loaded polymeric NPs.

Conclusion and future perspectives: AD is the 
most common devastating neurodegenerative 
disease. Over the past decade, nanoparticle-
mediated diagnostic systems have been widely 
investigated. However, due to the lack of 
explicative etiology, the viable cure is not yet 
found. Therefore, due to the ambiguines of 
the disease, targeting dual/various pathology 
at once would be highly promising. Thus far, 
only a few studies have performed in AD on 
NP-mediated multiple conjugations for the 
dual pathology treatments. Although the 
studies have shown the significant effects on 
dual pathology treatments, the particle size 
was > 100 nm, which can be a burden for the 
BBB damage. As described in this perspective 
article, most of the NPs used in AD studies 
are higher than 50 nm in size, and when 

conjugated with multiple drugs/molecules, the 
particle sizes reach or exceed 100 nm, which 
ultimately tends to damage the BBB epithelial 
cells. Not only the particles higher than 50 nm, 
damage the BBB, but tend to aggregate to form 
clusters, which ultimately results in cork blood 
flow and myocardial infraction. Therefore, use 
in smaller size NPs is extensively essential in 
multiple conjugations. In oncology studies, 
carbon dots have been a promising NP due to 
their smaller particle size (< 10 nm) even after 
numerous conjugations (Hettiarachchi et al., 
2019a). However, the use of carbon dots in AD-
related studies is minimal, which can be a right 
candidate for harmless targeted drug delivery. 
Also, some smaller size (< 100 nm) curcumin 
NPs have synthesized, which can be used to co-
deliver other drugs to inhibit Aβ and tau while 
promoting the neuroprotection (Hettiarachchi 
et al., 2019b). 

We greatly appreciate the funding support 
given by National Science Foundation grant 
GR-011298.

Sajini D. Hettiarachchi, 
Roger M. Leblanc*

Department of Chemistry, University of Miami, 

Coral Gables, FL, USA
*Correspondence to: Roger M. Leblanc, 
rml@miami.edu.
https://orcid.org/0000-0001-8836-8042 
(Roger M. Leblanc) 
Received: December 22, 2019
Peer review started: February 27, 2020
Accepted: April 2, 2020
Published online: August 10, 2020

https://doi.org/10.4103/1673-5374.286965
How to cite this article: Hettiarachchi SD, Leblanc 
RM (2021) Dual targeting nano-approaches for 
Alzheimer’s disease etiology. Neural Regen Res 
16(1):119-120. 
Copyright license agreement: The Copyright 
License Agreement has been signed by both 
authors before publication.
Plagiarism check: Checked twice by iThenticate.
Peer review: Externally peer reviewed.
Open access statement: This is an open access 
journal, and articles are distributed under the 
terms of the Creative Commons Attribution-
NonCommercial-ShareAlike 4.0 License, which 
allows others to remix, tweak, and build upon the 
work non-commercially, as long as appropriate 
credit is given and the new creations are licensed 
under the identical terms.

References
Bloom GS (2014) Amyloid-β and tau: the trigger and 

bullet in Alzheimer disease pathogenesis. JAMA Neurol 
71:505-508.

Fan S, Zheng Y, Liu X, Fang W, Chen X, Liao W, Jing X, Lei M, 
Tao E, Ma Q, Zhang X, Guo R, Liu J (2018) Curcumin-
loaded PLGA-PEG nanoparticles conjugated with B6 
peptide for potential use in Alzheimer’s disease. Drug 
Deliv 25:1091-1102.

Hettiarachchi SD, Graham RM, Mintz KJ, Zhou Y, Vanni S, 
Peng Z , Leblanc RM  (2019a) Triple conjugated carbon 
dots as a nano-drug delivery model for glioblastoma 
brain tumors. Nanoscale 11:6192-6205.

Hettiarachchi SD, Zhou Y, Seven E, Lakshmana MK, Kaushik 
AK, Chand HS, Leblanc RM (2019b) Nanoparticle-
mediated approaches for Alzheimer’s disease 
pathogenesis, diagnosis, and therapeutics. J Control 
Release 314:125-140.

Huang N, Lu S, Liu XG, Zhu J, Wang YJ, Liu RT (2017) PLGA 
nanoparticles modified with a BBB-penetrating peptide 
co-delivering Aβ generation inhibitor and curcumin 
attenuate memory deficits and neuropathology in 
Alzheimer’s disease mice. Oncotarget 8:81001-81013.

Kumar S, Walter J (2011) Phosphorylation of amyloid 
beta (Aβ) peptides–A trigger for formation of toxic 
aggregates in Alzheimer’s disease. Aging (Albany NY) 
3:803-812.

Liu Y, An S, Li J, Kuang Y, He X, Guo Y, Ma H, Zhang Y, Ji B, 
Jiang C (2016) Brain-targeted co-delivery of therapeutic 
gene and peptide by multifunctional nanoparticles in 
Alzheimer’s disease mice. Biomaterials 80:33-45.

Pimplikar SW, Nixon RA, Robakis NK, Shen J, Tsai LH (2010) 
Amyloid-independent mechanisms in Alzheimer’s 
disease pathogenesis. J Neurosci 30:14946-4954.

Prince M, Bryce R, Albanese E, Wimo A, Ribeiro W, 
Ferri CP (2013) The global prevalence of dementia: 
a systematic review and metaanalysis. Alzheimers 
Dement 9:63-75.

Schliebs R (2005) Basal forebrain cholinergic dysfunction 
in Alzheimer’s disease–interrelationship with 
β-amyloid, inflammation and neurotrophin signaling. 
Neurochem Res 30:895-908.

Zhang Z, Song M, Liu X, Su Kang S, Duong DM, Seyfried 
NT, Cao X, Cheng L, Sun YE, Ping Yu S, Jia J, Levey AI, 
Ye K (2015) Delta-secretase cleaves amyloid precursor 
protein and regulates the pathogenesis in Alzheimer’s 
disease. Nat Commun 6:8762.

C-Editors: Zhao M, Li JY; T-Editor: Jia Y

 A   

 B   

 C   

Figure 1 ｜ The schematic representation of the 
Aβ propagation and the experimental evidence 
for the reduction of Aβ plaques and the neuronal 
dysfunction by the curcumin (Cur) tethered 
poly (lactide-co-glycolic acid) (PLGA) polymeric 
nanoparticles (NPs).
(A) The green sigmoidal curve indicates the kinetics 
of the formation of Aβ in the more prolonged lag 
phase and the rapid elongation phase. The red 
curve displayed the reduction of the lag phase and 
the enhancement of the rapid elongation with the 
addition of more monomer (Kumar and Walter, 
2011). (B) The fluorescence intensity measurements 
of bEend.3 cell lines with coumarin-6 labeled PLGA 
NPs (control), NP-S1+Cur, and CRT-NP-S1-Cur. (C) 
The time-dependent brain accumulation tracking 
of CRT-NP-S1-cur and NP-S1+Cur in nude mice. 
Adapted from Huang et al. (2019). 
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