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Abstract Materials and Methods Results and Discussion 
       

  
Alzheimer’s disease (AD) pathology is characterized by amyloid plaques containing Cell lines: iPSCs from a cognitive healthy individual with the ε3/ε3 allele of ApoE 
aggregates of amyloid beta (Aβ) peptides, intracellular neurofibrillary tangles containing were purchased from the Mayo Clinic’s Center for Regenerative Medicine; iPSCs 
hyper-phosphorylated and m olded tau protein, and by a dysfunct n
barrier (BBB). Ani s of AD are used cal research to study disease 
pathology and as tools opment. However, these mode

ate human pathology or response to drugs or tox
(NAMs) are current ng, tox 
development. Such models  induced p 

isf ional blood-brai from an AD patient with the ε4/ε4 allele of ApoE were purchased from the Coriell 
Institute for Medical Research. Both hiPSCs lines were cultured and expanded in  
mTESR1 media, with daily media change to avoid spontaneous differentiation. 
iBMVECs differentiation: hiPSCs were differentiated into iBMVECs using a 

 Pericyte differentiation: Pericytes were differentiated from hiPSCs following a 
previously described method (Blanchard et al. 2020). hiPSCs were committed to a 
mesoderm neage by i ived by 
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itul irecap 
ly being used for disease modeli

include patient-derived 

cants. New approach methods
icity testing, and drug 

luripotent stem cell 
previously described protocol (Qian et al. 2017). Briefly, hiPSCs were directed to a 
mesoderm lineage by activating the Wnt pathway. Cells were then differentiated into 

 

s (iPSCs) 
ial 

 
 

 
  

  


 
 

 
 


 

 

  

and microphysi
to more accurate 

   

endothelial progenitor cells. Finally, specification of BMVECs was induced by 
activating the retinoi id signaling pathway. Cells were characterized by 

stry (IHC) and western b 

ological systems (MPS) or organ-chips. These methods have the potent
ly model human response to toxicants and better model human 

ology. The aim of the present study was to construct a brain-chip model of AD us 
PSCs from a hea 

   
 

c ac 
physi
i 

ing immunocytochemi
and occludin. 

lot using the endothelial markers ZO-1  

lthy cognitive-normal and an AD patient. iPCS-derived neurons, 
cytes and brain-like endothelial cells were cultured in a MPS under 

  

iastrocytes, per
physiological condit ions, and markers of neurovascular functions and AD pathology were 

iBMVECs), pericytes, astrocytes and 

    

         

Figure 4. Analysis of barrier f
culture under flow conditi f 

ion on brain-chips. Control and AD brain-chips were maintained i
) Paracellular permeabilit ing a 3 kDa dextran was assessed 

unctli inhibition of
inhibi 

nmeasured. Brain-like microvascular endothelial cells (
neurons were successfully differentiated from hiPSCs as demonstrated by the expressi
of cell-specific markers. In addition, healthy and AD-brain chips were constructed by    

on ons
he ti

 the GSK3 pathway. Per cytes were der 
tion of the TGF-β pathway. Pericytes were 

ot and IHC using the specific marker, platelet der 
daily. B) Expression of 
determined by west 

or 5 days. A y us 
ght junction protein ZO-1 on the vascular channel of the brain-chips was 

iminary results. Do not cite. N=6 chips/condition. *p<0.05. 

Neurons and Astrocyte differentiation: Neurons and astrocytes were 
differentiated from hiPSCs following the EZ-Sphere method (Ebert et al. 2013). EZ-  

spheres were maintained in suspension and then dissociated and terminally
xed cu neurons and astrocytes by culturi in med 

ved neurotroph actor (BDNF). Western b ot and 

texposure to PDGFBB and
characterized by western bl

f 
ived culturing these cells in an MPS. AD-brain chips presented dysfunctional BBB functi

i increased in the AD brain-chi 
ons ern blot at day 5. Prel

  
              

and prote n markers of AD pathology were ps compared to growth actor receptor beta (PDGFR-β)
healthy brain-chips. In summary, iPSC-derived cells can be coupled with MPS to construct Microglia differentiation: Microglial cells were differentiated following the 
a brain-chip model of AD that recapitulate select characteristics of human pathology. protocol developed by Brownjohn et al. (2018). hiPSCs were passed into embryoid
Further experiments need to be conducted to validate this model. Implementation of these bodies, which continuously produce primitive macrophage precursors (PMPC) after

 Agency studies and review of external studies in which these 
technologies are employed, wh
regulated products, includi 

 

 

3 weeks in culture. PMPCs were differentiated into induced microglia by culturing i
media supplemented with IL-34 and GM-CSF for 10 days. Microglia cells were 

NAMs will facilitate internal n  

ich will potentially aid in the revi
ng treatments for AD. 

f FDA-

 
 

 
 

 


 
  

 
 

 
  

 
 

 
 

 
 

 
 

 
 


 

 
 

 
 

 
 

 
 



ew process o   

characterized by IHC using the specific marker Iba-1. 

Introduction 
 

 

 

differentiated into mi
containing N2, B27 and brain der 

ltures of
i 

ing a
Alzheimer’s disease (AD) is the leading cause of dementia and affects millions of
people worldwide. The pathophysiology of AD is characterized by the presence of  ic f l        

          

free and aggregated amyloid beta (Aβ) peptides and by intracellular 
ibrillary tangles that contain hyperphosphorylated and mi folded tau

n vasculature 

 

 

 

IHC were used to detect neuronal (MAP2) and astrocytic (GFAP) markers.
Brain-Chip: hiPSC-derived brain cells (neurons, astrocytes, pericytes and 
iBMVECs) were cultured under physiological conditions using the Human 

excess    
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neurof
protein. Recent evidence supports the notion that the brai
impaired in AD and this impairment may contribute to or exacerbate the 
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s Emulation System from Emulate Inc. iBMVECs were cultured on the vascular side of
icrofluidic chip (consisting of two channels separated by a porous membrane), 

whil icytes were cu
ow rates for both channe
od, w 

 

a m 
underlying pathophysiology of the disease. ltured on the opposite side of the 

ls was set at 60 µL/h. Chi 
 

insertion of human 
 e neurons, astrocytes and per

membrane (brain channel). Fl
were cultured for a 5-day peri

ty was evaluated by quanti
rom the vascu 

psRodent models have been developed to study AD, via
mutations associated with familial forms of
invaluable in gaining insight into mechanisms o
the complete pathological features observed i
reason, new and innovati 

ith daily effluent sampling. Paracellul
f ing the passage of 3 kDa dextran-cascade

ar to the brain compartment and apparent permeab 

ar AD. Those rodent models have been
f AD pathology, but few capture 

n human patients with AD. For thi 
Figure 5. Quantification of Aβ and tau producti
culture under flow conditi for 5 days. Effluent f

permeabili
blue f 

on. Control and AD brain-chips were maintained i 
rom the brain channel was t ture af

ned

Figure 2. Characterization of hiPSC-derived brain cells. Cellular differentiation was characterized by 
IHC for cellular specific markers in A) iBMVECs, (ZO-1,green), B) (MAP2, magenta) and 

ny 
terl ili onsty was neurons

(
s 

24-hour accumulati
ing a multi 

aken at day 5 of cul 
otal tau and phosphorylated tau (Ser181) were determi

s. Do not cite. N=6 chips/conditi *p<0.05. 
astrocytes (GFAP, green), C) pericytes (PDGFRβ, magenta), D)

(A-C) and 40X (D) magnification usi inver 
microglia Iba-1, green). I

icroscope ( 
t

ing
iPSCs) 

mages were 
Nikon). E) 

on. Levels of Aβ40, Aβ42,
plex assay. Preliminary resul tus on.calculated from these values.

Production and accumulation of Aβ and tau. Accumulation of Aβ and tau on 
ve models that recapitulate AD pathology are be

developed. One such model uses human induced pluripotent stem cells (h 
derived from patients with AD [11, 12]. Cultured hiPSCs can be differentiated into 

acquired at 20X ng an ted confocal m 
Cellular differentiation was confirmed by WB using the same markers as in IHC. 

the brain side of the chips was determined in the media effluent using a 
ially available multiplex assay, following the manufacturer’s instructions. 
Aβ40, Aβ42, total tau and p-tau 181 were quantified. Conclusion l cell types, including neurons, astrocytes, pericyte, microglia and brain-like 

endothelial cells (iBMVECs). These differentiated cells conserve pathol l
severa commerc

Levels of 
 

 

 ogica 
features of the individuals from whi

i 
ch they were harvested and can be an

n the understanding of AD pathology and therapeuti  
New approach methodologies, including hiPSCs-derived cells and microphysiological 
systems can be coupled to produce models that closel ic human physiology and 

cextremely valuable tool 
drug development.
In addition to the use of pat 

y mim 

cytes, • 

pathology.
We have success

rom h m
i 

icroglia f
ndicates that AD brain-ch 

ient-derived hiPSCs, novel in vitro systems are being 
logy by recreating important characteristics o fully differentiated iBMVECs, neurons, astrocytes, pericytes and 

iPSCs derived from a healthy donor and AD patient. Prelimi
fdeveloped to emulate human physio

the human body. In particular, microphysiological systems (MPS) or organs-on-
chips have been used to culture cells under conditions of blood flow, mechanical 

nary data 
ips present an altered barrier function and produce increased 

cated in AD pathology. A more extensive characterization of the 
in the brain-chips is currently underway. 

levels of proteins impli 
recapitulation of AD pathology forces and cytoarchitecture that resemble those of specific organs, including the 

brain. Those specific culture conditions enable cells to acquire physiol ical or 
c 2D cultures. Wh 

og
i Refpathological functions that cannot be achieved in stati 

on-a-chi i ilable, there are no stud
c neurons, astrocytes, per 

le organ-
es that have erences 

Qian, Tongcheng, et al. "Directed differentiation of human pluripotent stem cells to blood-brain barrier endothelial
ll : e1701679. 

ally ava
p by culturing 

ip systems are commerc
constructed an AD brain-chi isogeni i
microglia and iBVMECs differentiated from hiPSCs obtained from patients with ce s." Science advances 3.11 (2017) 

• Blanchard, Joel W., et al. "Reconstruction of the human blood–brain barrier in vitro reveals a pathogenic mechanism 
AD. Therefore, the aim of this project is to develop an integrated brain-chip model of APOE4 in pericytes." Nature medicine 26.6 (2020): 952-963. 
of AD in which neurons, astrocytes, pericytes, microglia and BiMVECs derived • Brownjohn, Philip W., et al. "Functional studies of missense TREM2 mutations in human stem cell-derived microglia." 

from hiPSCs from patients with AD with the APOE ε4 allele will produce an in Figure 3. iBMVECs cultures on the brain-chip. iBMVECs are cultured on the bottom (vascular) channel Stem cell reports 10.4 (2018): 1294-1307. 

of the brain chip. Control A) and AD B) brain-chips were immunostained for the tight junction protein ZO-1 • Ebert, Allison D., et al. "EZ spheres: a stable and expandable culture system for the generation of pre-rosette Figure 1. Schematic representation of the brain-chip. iBMVECs are cultured on the bottom (vascular) multipotent stem cells from human ESCs and iPSCs." Stem cell research 10.3 (2013): 417-427. vitro model analogous to human neurovascular pathophysiology in AD. channel, while iPSC-derived neurons, astrocytes and pericytes are cultured on the top (brain) channel. (red) and the membrane-bound transporter P-glycoprotein (green). Images were acquired using an • Pediaditakis, Iosif, et al. "A microengineered Brain-Chip to model neuroinflammation in humans." Iscience 25.8 
Image modified from Pediaditakis et al. (2022) inverted confocal microscope (Nikon) at 10X magnification. (2022): 104813. 
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