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Abstract: Alzheimer's disease (AD) is a progressive neurodegenerative disease associated with dysfunctions
related to thinking, learning, and memory of the brain. AD has multiple pathological characteristics with
complicated causes, constructing a suitable pathological model is crucial for the research of AD. Microfluidic chip
technology integrates multiple functional units on a chip, which can realize microenvironmental control similar to
the physiological environment. It is well applied in the construction of pathological model, early diagnosis as well
as drug screening of AD. This paper focuses on the construction of AD microfluidic chips model from the
perspective of cell type, culture formats and the chips structure as well as the research progress of microfluidic
chips in AD application based on the pathological characteristics of AD, which will provide a reference for further
elucidation of AD mechanism and drug development.
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Figure 1 Schematic diagram of neuropathological characteristics
and pathological mechanism hypotheses of Alzheimer's disease
(AD). A: Comparison neuropathological changes occurring in the
brain between healthy individuals and AD patients'"”. Reprinted
with permission from reference!'”. Copyright © 2021 Wiley-VCH
GmbH. B: The pathogenesis of AD
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Figure 2 Schematic diagram of 3D co-culture AD microfluidic chip model. A: 3D neurospheroid AD microfluidic chip model; B: 3D

human co-culture AD microfluidic model constructed of AD neurons, astrocyte and microglia, the left figure is a schematic of the 3D co-

culture layout of neural progenitor cells differentiated into neurons and astrocytes and seeding in this AD microfluidic chip model, and the

right figure is a schematic of the AD microfluidic chip model that can represent several AD pathological characteristics
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Figure 3  Schematic of the construction procedure of AD model based on BBB microfluidic chips”". Reprinted with permission from
reference!™. Copyright © 2019 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Table 1 Application of microfluidic chips in pathological mechanisms and diagnostic studies of AD
Research population Application Key finding Reference
Neural progenitor cell Neurotoxic effects of Af Decreased cell viability, increased neural destruction and [44]
synaptic dysfunction
Neurons, astrocyte and Ap aggregation, p-Tau Microglia recruitment, neuroinflammatory response and neuron/ [57]
microglia accumulation and astrocyte damages
neuroinflammatory activity
AB, ,and AB, Molecular diagnosis of AD AB, ,, and AB, ,; in cerebrospinal fluid samples were successfully [77]
detected using the developed batchwise immunoassay approach
Prenatal rat neuronal cells Studying the neurotoxicity of Af Ap oligomeric assemblies rather than fibrils have potential [78]
neurotoxicity
Primary cortical mouse The distant effects of local AS Ap peptide accumulation in the somato-dendritic compartment of ~ [79]
neurons stress on neuronal cortical neurons leads to a fast anterograde propagation of
subcompartments and networks degenerative signals toward endings, resulting in presynaptic
collapse
Microglial cell The distinct roles of Af on Soluble and insoluble Af have synergistic effects on microglial [80]
microglial accumulation accumulation to sites of A deposits
Human serum Label-free detection Enables the real-time, sensitive detection of biomarkers in bodily [81]
of Ap aggregates fluids, and will be useful for the development of portable
diagnostic devices
Chinese hamster ovary (CHO)  Ap, ,,-induced synaptotoxicity Protein tyrosine kinase 2/ is selectively expressed in [82]
cell lines (CHO-pcDNA4, postsynaptic neurons and prevents Af, ,-induced synaptotoxicity
-APPY" and -APP""N)
Biological fluids Quantitative AD diagnosis by Immune-capture Af, ,, molecules uniformly distributed in [83]
Ap, 4, clinically relevant volumes of fluid =100 pL - in a range of
concentrations clinically relevant for AD early diagnosis
Blood plasma A and Tau protein detection for Detected Af and Tau proteins in femtomolar levels and [84]
AD early diagnosis successfully applied to detect trace amount of target proteins in
blood plasma
Trem?2 knockout microglia Mechanisms underlying Trem?2 deletion can enhance Tau trafficking, distribution and [85]
Trem2-dependent modulation of seeding through microglial exosomes
Tau pathology
Dissociated cortical neurons Co-pathological states of p-Tau Generated co-pathological states of p-Tau proteins within a [86]
(E19) connected cell culture of primary cortical neurons
Neurons Investigate Tau misfolding and Seed-competent misfolded Tau species does not compromise [87]
propagation across connected neuronal excitability, but instead initiate discrete cellular
neurons and cytotoxicity dysfunctions
Hippocampal neurons, BV2 Axon - glia interactions Preferential accumulation of microglia specifically to injured as [88]
microglial cell compared to healthy axons
Rat brain endothelial cells Studying the roles of BBB The tight BBB model could be disrupted by exposure to TNF-a [89]
(RBE4) and in conditions of ischemia
Fibroblast and human serum Potential biomarkers for the early ~ PTP4A3 as a potential biomarker and therapeutic target in AD by [90]
detection of vascular dysfunction demonstrating its critical role in the regulation of the BBB
permeability
Serum A blood biomarker for the early Achieve ultra-sensitive protein detection at levels as low as [91]
diagnosis of AD 0.35 fg'mL"; can differentiate healthy subjects from MCI
subjects and AD patients with excellent specificities by detecting
the ADAM10 blood level
Human plasma Detection of AD biomarkers in Developed an acoustofluidic multimodal sensing platform for [92]
human blood plasma for use in isolating and detecting AD biomarkers containing Af peptides
clinical AD diagnostics and Tau proteins
Human fibroblasts Biomarker discovery and Exploit the chemical direct reprogramming of patient skin [93]
applications in diagnosis fibroblasts into neurons, enables on-chip examination of disease
pathological processes
Blood MicroRNA identification as a Increases in miR-206 during AD progressing towards an AD-like [94]
disease-stage specific biomarker phenotype, demonstrates the diagnostic and prognostic potential
and predictor of blood-based miRNAs for AD
Cortical neurons Examine APP transport and HTT regulates APP transport in axons but not dendrites after [95]

localization to the pre- and post-
synaptic compartments

phosphorylation by the Ser/Thr kinase Akt
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Table 2 Application of microfluidic chips in AD drug screening and evaluation

Research population

Type of microfluidic
chips

Application

Advantage

Reference

Tau tubulin kinase 1 (TTBK1)

iPSC-derived human brain
microvascular endothelium
interfaced with primary
human brain astrocytes and
pericytes

Human astrocytes, pericytes
and endothelial cells

Human neural glioma C6
cells, the streptozotocin-
induced Alzheimer's-like rats

Insulin monomers and
amyloid fibrils

Methylthioninium chloride
(MTC) and Tau protein

Serum and cerebrospinal fluid

Human brain microvascular
endothelial cells

Rat primary brain
microvascular endothelial
cells (ECs), pericytes, and
astrocytes

On-chip electrophoretic
separation system and
the quantification
system

Hypoxia-enhanced
human BBB on-chip

BBB-on-a-chip

Microfluidic chips for
synthesizing the CS/
GQD NPs

Integrated far-UV
compatible
measurement chambers
into microfluidic chips

Spiral-shaped passive
micromixing
microfluidic chip

Bio-techne microfluidic
Ella platform

BBB-on-chips model

3D microfluidic BBB
chip

Screening of hTTBK1
inhibitors

Drug screening of BBB

Evaluation of the permeability
and cytotoxicity performance
of targeted gold nanorods for
theranostics of AD

Evaluation of the efficacy of
graphene quantum dots (GQD)
on AD

Can be used in the study of
protein misfolding and
aggregation of AD

Investigate Tau aggregation
and dose-response of MTC
on-chip

Measurement of GFAP in
blood of AD

Investigated the permeability
of six activity components of
traditional Chinese medicine

Treated the BBB model with
dexamethasone, and observed
protection of the BBB

(D Direct readout of substrate conversion;
@) Feasible to perform kinetic study;

(3 Can be applied to develop selective
hTTBKI inhibitors.

(O Formation of a stable BBB with high,
in vivo-like permeability restriction that
lasts up to 2 weeks;

(2 Exhibits enhanced functionalities
relative to past human BBB models.

@ Integrating a micro-TEER measuring
system,

@ Allow a correct read-out and cell
imaging monitoring;

(3 Assess the permeability of new drugs
more quickly and cheaper than in vivo
models.

(D This microfluidic device allows
reproducibly synthesize ultra-small, highly
monodispersed NPs;

(@) GQDs as therapeutic agents were
successfully encapsulated into CS NPs
without altering the crystalline structure of
CS, and remain structurally stable at
different temperatures;

(3 Ease of use, rapid mixing, and an under-
controlled process of NP production with
low material consumption.

(D Measurement chambers of different
heights can be integrated for a wide range
of concentration measurements;

(@ May provide time-resolved information
about the protein aggregation pathway.

(O The amount of Tau protein sample used
was significantly less than the usage for
conventional techniques;

(@) The whole protein-drug assay was
realized in less than two hours;

(3 Cost-effective cell-free assays.

D Highly sensitive, and easy-to-use
immunoassay;

(@ Serum GFAP levels strongly correlated
with Simoa concentrations;

(3 cost-effective and the measurement
time for one cartridge is only around

75 min.

@ Simple and near-physiological
conditions;

(@) BBB structure planarized for easy
observation;

(3 Simulation of fluid shear stress in vivo.

@ Simple, cost-effective, and scalable;
(@) More physiologically relevant;

(® Suitable for screening of drug
candidates that target or protect the BBB.
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Table 3 Comparison of some advantages and disadvantages of different AD models

T fAD
ypeo Advantage Disadvantage
model

Animal D A wider diversity of biological neurological studies; ( Ethical concerns;

model @ Animal models are important to study the function of the (@ Low predictability;
central nervous system; (® Brain structure and cognitive function are different from humans;
®) Enable to dissect key disease-associated cellular and @ Significant differences at the molecular and cellular levels exist
molecular processes; between animals and humans;

rovide critical insights into athology; 1d not fully recapitulate the pathological events involved in

@ Provide critical insights into AD pathology. ® Did not fully pitulate the pathological involved in AD
® High birth rates, easy maintenance and low costs progression.
involved to their short reproductive cycles.

Cell model (D Conventional 2D cell model system are simple and cost- (D The information from 2D culture may be far removed from human
effective; physiology;
@) 3D cell model systems are more appropriate to model @) 3D system lack of reproducibility;
complex functions of brain; (3 Lacking of cellular tension, fluid shear stress, and compression
®) Provision of cues that influence cell structure, adhesion,  analysis;
proliferation, signaling and mechano-transduction. @ The ability to evaluate drug responses in complex diseases is limited;

®) Genetic and biochemical assessment of the seeded cells is difficult.
Microfluidic O Consume only a small amount of samples and materials; (D Fabrication of microfluidic device requires quite complex and time-
chips model (@) Can recapitulate physiological environments under consuming prototyping, processes, and specific equipment;
controlled flows; @ The manufacturing procedure does not support simultaneous
(3 Remarkably higher accessibility; integration with biology;
@ Easy to control the experimental conditions; (® Models are designed to satisfy specific experimental needs and may
® Enhancement of cellular viability and growth; not be suitable for wide-scale production.
® High predictability of specific phenomena and treatment
effects;
(@ Flexibility of possible design and integration of multi-
parameter analysis;
Enables long-term 3D culture with in situ tracking and
real-time imaging.
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