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Human pluripotent stem cells can differentiate into disease-relevant cell types, which capture the unique
genome of an individual patient and provide insight into pathological mechanisms of human disease.
Recently, human stem cell models for Alzheimer’s disease (AD), the most common neurodegenerative de-
mentia, have been described. Stem cell-derived neurons from patients with familial and sporadic AD and
Down’s syndrome recapitulate human disease phenotypes such as amyloid b peptide production, hyperpho-
sphorylation of tau protein and endosomal abnormalities. Treatment of human neurons with small molecules
can modulate these phenotypes, demonstrating the utility of this system for drug development and screen-
ing. This review will highlight the current AD stem cell models and discuss the remaining challenges and po-
tential future directions of this field.

INTRODUCTION

A consequence of an aging population is the increased preva-
lence of neurodegenerative disease. Alzheimer’s disease (AD)
is incurable and is the most common neurodegenerative demen-
tia, with over 5 million cases in the USA and �30 million
patients affected worldwide (1). The direct cost of AD in the
USA is estimated to be greater than $170 billion/year, making
AD a considerable public health issue (2,3). Because AD is a
disease of the central nervous system (CNS), obtaining relevant
patient tissue before death is challenging. Vertebrate and non-
vertebrate models have provided important insights into AD;
however, these models often involve the substantial overexpres-
sion of proteins, which by itself can cause abnormal phenotypes.
Unfortunately, mutations introduced into the endogenous mouse
genes do not recapitulate all of human AD pathology (4).

Human pluripotent stem cells (hPSCs) have great potential
in disease research because they can differentiate into all
cell types and genes of interest are expressed at endogenous
levels. Recent advances in reprogramming technology have
led to the ability to express defined factors in a somatic cell
from an individual patient and induce a pluripotent stem cell
state (5). These induced pluripotent stem cells (iPSCs) can
be differentiated into multiple cell types, including neurons,

capturing the unique genetic background of the individual. Al-
though iPSCs may have an increased incidence of genetic and
epigenetic abnormalities (6–8), this technology allows inves-
tigations of human-specific phenotypes and behaviors that
cannot be evaluated in other organisms. As discussed below,
there are now several strategies to differentiate neurons and
other CNS cell types from human stem cells. These cells
can be isolated using cell sorting strategies and biochemical
phenotypes measured on relatively pure populations. Additi-
onally, these approaches may be adaptable to high-throughput
methods for therapeutic screens, a promising strategy for AD
as there is currently no drug that alters the course of disease.

Familial and sporadic AD

There are two main forms of AD: early-onset, familial AD
(FAD) and late-onset, sporadic AD (SAD). Clinically and
pathologically FAD and SAD are similar, with both types of
patients exhibiting progressive cognitive dementia, senile
plaques consisting of amyloid b peptide (Ab) and neurofibril-
lary tangles (NFTs) consisting of phosphorylated tau protein
(9). FAD and SAD appear to share other cellular phenotypes
including axonal transport defects, synapse loss and selective
neuronal death (2,10).
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FAD accounts for ,5% of all AD cases and is primarily
due to rare autosomal dominant mutations in the amyloid pre-
cursor protein (APP) gene and in two presenilin genes, PS1
and PS2 (2). The APP protein has multiple functions and is
highly expressed in the CNS where it is thought to have
roles in the formation of synapses, neurogenesis, axonal trans-
port, signaling and plasticity (2,11–13). APP is a type I trans-
membrane protein, normally cleaved by a, b or g secretases.
When APP is sequentially cleaved first by b and then g secre-
tase enzymes, the Ab fragments are generated. PS1 and 2 are
transmembrane protein components of the gamma secretase
enzyme which cleaves multiple substrates including APP
(2). In addition to g secretase activity, PS1/2 is also involved
in the regulation of the endosome/lysosome pathway and
autophagy (14).

Extensive studies of APP and PS1/2 in cellular and animal
models of AD have led to a proposed pathological pathway in
which the cleavage of APP to Ab plays a central role. The
longer forms of Ab, Ab42 and higher, become increasingly
aggregate prone and are the main components of senile
plaques in the AD brain. FAD mutations in the presenilins in-
crease the ratio of the Ab42 to 40 peptides either by decreas-
ing the production of Ab40 or increasing Ab42 peptides (15).
FAD mutations in APP increase amyloidogenic processing as
well, either by enhancing b and g secretase cleavage or by in-
creasing gene dosage through duplications of the gene or
chromosome (2,15). This evidence has lead to the idea of
the amyloid cascade hypothesis (16), which centers around
Ab as the primary toxic molecule in AD. Indeed, peptide
levels and plaque formation remain a primary phenotype ana-
lyzed in AD studies, although it is still unclear whether senile
plaques are a cause or a consequence of AD and how they are
connected to tau and NFTs. Tau is a microtubule-stabilizing
protein and although there are no known tau mutations in
AD, hyperphosphorylation of the protein may reduce its func-
tion and contribute to axonal degeneration and neuron loss (9).
Interestingly, NFTs correlate more strongly with AD than
senile plaques (17,18).

SAD accounts for over 95% of all AD cases. Although there
are no clear dominant or recessive SAD mutations, many
genetic variants have been identified and there is clearly a
strong heritable component to the disorder (19). In fact, twin
studies have estimated that heritability for SAD is between
60 and 80% (20). Elucidating how genetic risk variants con-
tribute is a key issue in understanding SAD. Dozens of
genome-wide association studies (GWASs) have now been
performed for AD and hundreds of variants have been impli-
cated in the disorder. Among these, the apolipoprotein E
(APOE) isoform E4 has been the most consistent, although
recent GWASs have identified other genes such as SORL1,
Clusterin, CR1 and Picalm (21–23). Because of the lack
of a clear genetic pattern, there are no animal models of
SAD and thus attempts to model SAD in the laboratory are
challenging.

Currently available drugs for AD, such as Aricept and
Memantine, boost neurotransmission or protect from glutam-
ate excitotoxicity, respectively, and provide only modest,
short-term symptomatic relief (24). Most studies that have
identified possible therapeutics for AD have focused on mole-
cules that reduce the Ab peptide, but thus far these have failed

to alter disease course in patients, which underscores the need
for new models to identify more successful strategies (2,25).
Development of new human stem cell models for AD might
identify novel drug targets with the additional possibility
that patient-specific neurons will recapitulate variability in in-
dividual genetic backgrounds.

Stem cell models of AD

The first neurological diseases to be modeled using the iPSC
technology were either monogenic disorders or versions of
complex diseases caused by known mutations. These disorders
include Parkinson’s disease (PD) (26–29), amyotrophic lateral
sclerosis (30,31), smooth muscle atrophy (32) and familial
dysautonomia (33), and this work has been recently reviewed
(34). IPSC models of neurodevelopmental disorders and psy-
chiatric disorders such as Retts syndrome and schizophrenia
have also been described (35,36). Despite the advances in
this technology and the need for a human model, stem cell
models from AD have only recently been developed, likely
because of the complex nature of the disease.

Presenilin point mutation models

Due to the challenges of modeling SAD, most current AD
stem cell models are from presenilin FAD point mutation
patients. IPSCs have been generated from patient fibroblasts
with PS1 A246E and PS2 N141I mutation (37). Independently,
these fibroblasts have been used to generate induced neuronal
cells (iNs) (38), a method which uses forebrain transcription
factors to directly covert fibroblasts to neurons. First described
in rodents (39), this stragegy has the advantage of by-passing
the time-consuming and patentially mutagenic IPSC repro-
gramming process, but has the disadvantage that it does not
generate a self-renewing, stable progenitor population. In
both the IPSC and the iN studies, there was no difference in
the neuronal differentiation ability when wild-type and prese-
nilin point mutations were compared.

To test whether FAD presenilin mutant human neurons
exhibited AD phenotypes, both groups looked at the produc-
tion of Ab peptides. The FAD IPSC-derived neurons and the
iNs both showed increased Ab42/40 ratios compared with
controls, suggesting that these human neurons recapitulate a
typical patient phenotype. Overexpression of WT PS1 and
an FAD PS1 mutation has also recently been described in
both iPSCs and human embryonic stem cells (hESCs) (40).
This work capitalized on the development of long-term neuro-
epithelial cell cultures, derived from either iPSCs or hESCs,
which can be cultured for over 150 passages and efficiently
differentiate into neurons (41). This study used a lentiviral
strategy to overexpress the PS1 L166P mutation, which
causes a very aggressive form of early-onset FAD (42),
along with WT PS1 or PS1 D385N a catalytically inactive
form of the protein (40). PS1 L166P mutant neurons had an
increase in the Ab42/40 ratio compared with neurons overex-
pressing WT PS1, due to a large decrease in Ab40 peptides in
the L166P neurons. Cells expressing the D385N mutation had
low to undetectable levels of both peptides, suggesting that
this mutation suppresses g-secretase activity in a dominant-
negative fashion (40). While this strategy is useful to
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compare the effects of these mutations in the same genetic
background, the levels of expression of these transgenes are
not endogenous and in some FAD cases, such as APP duplica-
tion or trisomy 21, overexpression per se may contribute to
phenotype (43,44).

Although increased Ab production is considered patho-
logical in AD, it is unclear whether this is a cause or conse-
quence of disease. Other reported cellular phenotypes
include synapse loss, axonal degeneration and endosomal/
lysosomal compartment alterations (2,45) all of which may
contribute to neuronal stress and cell death before, or inde-
pendently of, Ab accumulations. In fact, enlarged endosomes
and accumulation of multi-vesicular bodies have been repeat-
edly described in Down’s syndrome (DS) and SAD patient
neurons post-mortem, while PS FAD brains show abnormal
lysosome pathology (46–48). Interestingly, presenilin itself
has been implicated in lysosomal acidification and FAD muta-
tions may disrupt this process, contributing to abnormal lyso-
somes (49). In PS1/2 FAD iN cells, there was a marked
increase in APP positive puncta, colocalizing with the early
endosome marker EEA-1 and a general increase in both
early and late endosomes. Overexpression of WT PS rescued
this phenotype, suggesting that a loss of PS1 function may
contribute to abnormal endosomes in this system.

APP duplication and DS models

Duplication of the APP gene on chromosome 21 causes FAD
(43) and individuals with trisomy 21, or DS, show clinical
symptoms of AD at ages 40–50 and have characteristic
senile plaques post-mortem (44). Recently, our group reported
the generation of iPSC neurons from two non-demented con-
trols (NDCs) and two FAD patients with duplications in
APP (APPDp) (50). This work took the advantage of a previ-
ously established fluorescence-activated cell sorting (FACS)
protocol to purify differentiated neural precursor and subse-
quently neuronal cells (51). FACS selection led to a popula-
tion of highly purified neurons, which were used to assay
the cellular and biochemical AD phenotypes directly.
Neurons from both FAD APPDp patients showed higher
levels of Ab1–40 and tau phosphorylation when compared
with neurons from non-demented, age-matched individuals.
Levels of activated GSK3b, a kinase thought to be involved
in the phosphorylation of tau (52), were also increased in
neurons from both FAD APPDp patients, pointing to a poten-
tial mechanism for the tau pathology in these cells. Interesting-
ly, while g-secretase inhibition lowered the levels of Ab40,
the increased activated GSK3b and phospho-tau levels were
only reduced when the cells were treated with b-secretase
inhibitors, which reduce the b-C-terminal fragment (b-CTF)
of APP. APP CTFs have been implicated in mouse models
of APP duplications as contributing to axonal transport
defects (53), and these data in human neurons suggest that
the b-CTF, prior to g-cleavage and Ab generation, may be a
toxic entity and therefore an important molecule to focus on
in terms of therapeutics. Finally, the phenotypic characteri-
zation was extended to examine endosome pathology and syn-
aptic loss. As with the Ab and tau phenotypes, FAD APPDp

neurons had increased numbers of Rab5+ endosomes, a
phenotype observed in SAD patient tissue as well as the

brains and fibroblasts from DS patients (54,55). In FAD
APPDp neurons, however, despite a 12-day culture period,
no loss of the presynaptic protein synapsin-I was observed.
Thus, endosomal abnormalities may be an early phenotype
in AD and a longer culture period may be necessary to
detect synapse loss and other signs of neuron degeneration,
such as axonal defects, which have been shown to be inde-
pendent of Ab (56).

Complementary work demonstrated AD phenotypes in
neurons derived from DS iPSCs (57). This study used a new
protocol to generate human cortical neurons, a major cell
type affected in AD (58). Cortical neurons from DS iPSCs
secreted increased levels of both Ab40 and 42 peptides com-
pared with control cells and, similar to other studies, treatment
with g-secretase inhibitors blocked the synthesis of these pep-
tides. Additionally, this group reported the formation of extra-
cellular Ab aggregates in DS patient neurons after 2 months in
culture from the initial cortical differentiation, which is the
first report of these extracellular accumulations in human
neurons in vitro. Similar to FAD APPDp neurons, these
studies detected hyperphosphorylation of the tau protein in
DS neuronal cells. Intracellularly, the phosphorylated tau
was aberrantly localized and they were also able to detect
extracellular accumulations of tau (57), consistent with find-
ings seen in the CSF analysis of AD patients (59). This
finding correlated with increased cell death in these cultures.

SAD models

One main challenge of studying AD is that most of the cases
have no clear genetic lesion, although it is assumed that SAD
phenotypes will be similar to FAD. Generating iPSCs for SAD
by reprogramming patients with sporadic disease captures the
unique genome of each patient. Neurons derived from these
iPSCs can then be used to directly test whether an SAD
genome will confer similar cellular phenotypes to those seen
in FAD. To investigate this question, our group recently
reported the comparison of iPSC-derived neurons from two
SAD patients, NDCs and the two FAD patients with APPDp

described above (50). Neurons from one of the two SAD
patients showed higher levels of Ab1-40, increased GSK3b
activity and increased tau phosphorylation compared with
neurons from age-matched, NDC individuals. Similar to
FAD APPDp neurons, cells from one SAD patient had
increased numbers of Rab5+ endosomes after 12 days in
culture, but no loss of the presynaptic protein synapsin-1.
Therefore, while the numbers are thus far too small to draw
general conclusions, it can be suggested that there are at
least some genomes in the human population that generate
neuronal phenotypes similar to those induced by an APPDp

mutation. Whether this type of stem cell-based phenotypic
analysis of human neurons carrying genomes from SAD
patients can be used as a prospective diagnostic or clinical
trial stratification strategy remains to be determined.

Drug screening

Screening candidate drugs in human disease-specific cells is
an important goal of a human stem cell system. Forebrain
neurons derived from iPSCs have been used to perform a
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proof-of-principle experiment demonstrating the efficiency of
these cells to serve a platform to screen disease-modifying
drugs (60). This study specifically assayed for components
related to Ab production and demonstrated increased levels
of APP, APP-cleavage products and b/g secretase enzymes
upon neuronal differentiation. Treatment of cultures with b
and g secretase inhibitors and the non-steroidal anti-
inflammatory drug (NSAID) sulindac sulfide all inhibited
Ab production (60). Chemicals that block g-secretase reduce
Ab peptide levels by inhibiting the PS enzyme complex.
Four of the above studies, the PS FAD iPSCs, PS FAD iNs,
PS1 overexpressing iPSCs and the FAD APPDP and SAD
iPSCs, all report lowering of Ab in stem cell-derived neuronal
cultures upon treatment with g-secretase inhibiting com-
pounds. However, g-secretase inhibitors reduce both 40 and
42 peptides and may also impede Ab-independent g-secretase
functions, such as cleavage of Notch (61). In addition to
g-secretase inhibitors, the data from the FAD APPDP iPSCs
suggest that inhibiting b-secretase may be protective against
GSK3b activation and phosphorylation of tau, implicating a
pathway independent of the Ab peptide for this phenotype.

Previous studies have suggested that NSAIDs may have a
therapeutic effect for AD by selectively reducing Ab42 (62).
Stem cell-derived neurons overexpressing either WT or
mutant PS1 were treated with NSAIDS and a reduction in
Ab42 levels were noted in the WT PS1 cells but not the
L166P mutant (40). This is consistent with reports that some
FAD mutations may be immune to this type of treatment
(63); however, additional FAD mutations should be screened
for responsiveness to test for the generality of this conclusion.
Taken together, however, these studies demonstrate the pos-
sible feasibility of stem cell models for therapeutic screens.

CONCLUSIONS AND CHALLENGES

The different AD models, differentiation methods and AD
relevant phenotypes described are summarized in Table 1.
From this first set of stem cell-derived AD models, there are
several positive findings. First, none of the FAD mutations
described seemed to influence the differentiation ability of
the parental cell types into neurons, demonstrating that
various stem cell systems can generate disease-specific cell
types in good quantities, even though the differentiation proto-
cols are different from lab-to-lab. Second, a main disease
phenotype, secretion or altered processing of Ab peptides,
can be detected in a neuron-specific fashion as most of these
studies reported low to undetectable Ab levels in parent fibro-
blasts. Third, the Ab levels reported in these systems could be
modulated by treatment with different molecules, demonstrat-
ing that this system provides a relevant platform for screening
disease-modifying drugs. Finally, and perhaps most signifi-
cantly, three of the studies report phenotypes in addition to
Ab generation, including tau phosphorylation (50,57),
GSK3b activation (50) and abnormal endosomes (38,50),
highlighting pathways that can be investigated alongside of
APP processing. This is important as Ab-lowering strategies,
such as g-secretase inhibition, have not yet been shown to
alter the course of AD (64).

How can we build on these early studies to develop a more
complete human model for AD? One prospect is to use the
powerful emerging technology of engineered nucleases to
modify individual genomes. Zinc-finger nucleases (ZFNs)
and, more recently, tal-effector nucleases (TALENs) take the
advantage of the fact that a DNA double-strand break will
trigger a cell’s endogenous recombination machinery.
Arrayed domains, which bind to a specific nucleotide se-
quence, are fused to the FOK1 nuclease and resulting DNA
breaks are repaired either by non-homologous end-joining
(NHEJ) or by homologous recombination, in the presence or
the absence of a donor sequence (65,66). Using TALENs or
ZFNs, point mutations can be introduced into wild-type
cells, creating isogenic lines in which mutant and normal
genes are expressed endogenously in an identical genetic
background (Fig. 1). This technology has recently been
applied to early-onset PD in which a PD point mutation
from patient-derived iPSCs was corrected and several PD
mutations were introduced into WT hESCs (67). For stem
cell models of AD, this strategy holds great promise. First of
all, a direct comparison of isogenic cell lines differing only
in the presence or the absence of a defined FAD point muta-
tion, either in APP or presenilin, can reduce the intrinsic vari-
ability that comes from comparing cells from different
patients. Second, the targeted mutations will be under en-
dogenous control of expression, which will help to precisely
determine how the mutation affects the cell. This is particular-
ly important for AD as there is some debate as to whether pre-
senilin mutations constitute a gain or a loss of function of the
protein (68,69) and given the unclear connection between Ab
and NFTs.

Stem cell-derived neurons will also provide an important
tool to dissect the contribution of a mutation or a risk factor
to a specific cell type. For example, experiments with different
types of human CNS cells derived from individuals of differ-
ent genotypes may shed light on cell-autonomous factors. This
strategy could be used to understand the role of APOE, a
protein involved in cholesterol metabolism, in AD. The
APOE4 isoform has been consistently implicated as an AD
risk factor with people carrying the E4 allele at either a
3-fold (heterozygous) or a 12-fold (homozygous) higher
chance of developing AD, while individuals with the E2
isoform have a decreased risk (70). APOE production varies
greatly in the different cell types of the CNS, with glia produ-
cing more than neurons (71). Thus, co-culture experiments
of human neurons of one APOE genotype with human
glia of a different genotype will yield insights into the
mechanisms and cell autonomy of the APOE contribution to
AD phenotypes.

Elucidating the factors that result in SAD also remains a
primary challenge. Although lacking a defined genetic mech-
anism, there is clearly a heritable component to SAD and
each individual’s unique genetic background contains variants
that may predispose to, or protect from, disease. This raises
several key questions: What is the genetic contribution to
disease risk in an individual? What are the phenotypic conse-
quences of harboring genetic risk variants in an individual
genetic background? A potential strategy is to evaluate var-
iants identified by GWASs. Identification of molecular or bio-
chemical phenotypes caused by variants, and their impact in
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Table 1. Summary of hPSC models generated for AD

Model Mutation Differentiation method Neuronal markers AD-relevant phenotype Lines

iPSC (37,76) PS1 A246E
PS2 N141I

(1) iPSCs to embryoid bodies
(2) Neurosphere generation
(3) Neuronal differentiation on Matrigel

(1) b-III tubulin and MAP2 (1) Increased Ab42/40 ratio
(2) Reduction in Ab with

g-secretase
inhibition

Seven lines:Mutant: PS1-2, PS1-4, PS2-1,
PS2-1Control: IPS201B7, PD01-25
and 26

iPSC (60) Wild-type (1) iPSCs plus SMAD inhibition
(2) FOXG1 expression for forebrain

neurons

(1) Tbr1, Ctip2, Cux1 and Satb2
expression

(2) Tuj1/b-III tubulin and MAP2
(3) GABAergic and glutamatergic

markers

(1) Differentiated cells express
components
for Ab production

(2) Ab 40 and 42 levels reduced
with g-secretase inhibition

One line: hIPS 253G4

iN (38) PS1 A246E
PS2 N141I

Direct conversion: expression of Brn2,
Myt1, Olig2 and Ascl1 in fibroblasts

(1) Tuj1/b -III tubulin, MAP2, Tau1,
NeuN, NCAM and vGLUT1

(2) Na+, K+, Ca2+ and channel
properties

(3) Functional in vitro and in vivo
integration into neuronal circuitry

(1) Increased Ab4240 ratio
(2) Increased APP in endosomes
(3) Enlarged endosomes

Three fibroblast cultures per group

iPSC (50) APPDp sporadic (1) PA6 stromal cell co-culture of iPSCs
(2) FACS selection of neural precursors
(3) 3 weeks terminal differentiation with

BDNF, GDNF and dbcAMP

(1) b-III tubulin and MAP2
(2) Spontaneous synaptic activity
(3) Gene expression profile

consistent with fetal brain

(1) Increased Ab 40
(2) Increased phospho-Tau
(3) Activated GSK3b
(4) Reduced Ab with b and

g-secretase
inhibition

(5) Reduced p-Tau and active
GSK3b with b-inhibition only

20 lines: NDC1.1-3, NDC2.1-3,
SAD1.1-3, SAD2.1-5, APPDp1.1-3 and
APPDp2.1-3

iPSC (57,58) Trisomy 21
(DS)

(1) iPSCs plus retinoid signaling and
SMAD inhibition on Matrigel

(2) Terminal differentiation upon FGF
withdrawal

(1) Expression of Tbr2, Dcx, Cux1,
Brn2 and Satb2

(2) MAP2, PSD95, homer and
synaptophysin

(3) Cells form functional synapses

(1) Increased Ab 40 and 42
(2) Mislocalized Tau
(3) Extracellular Ab aggregates
(4) Reduced Ab with g-secretase

inhibition

Two hESC lines:
H9
DS-ES
SC321

Three iPSC lines:
BBSX
CRL
DS1-iPS4

hESC iPSC
(40,41)

PS1 L166P
PS1 D385N
Overexpression

(1) hESCs and iPSCs to embryoid bodies,
rosette selection, neurosphere
generation

(2) Long-term culture in the presence of
FGF and EGF

(3) Terminal differentiation upon growth
factor withdrawal

(1) b-III tubulin, MAP2 and GABA (1) Increased Ab 4042 ratio
(2) Reduced Ab with g-secretase

inhibition

Two lines:
hESC line I3 and iPSC
line PKa
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different genetic backgrounds could yield important new in-
formation about interactions of genetic variants in individual
genomes and their contributions to neuronal phenotypes and
AD risk. This line of attack will surely find novel pathways
that can be used to test new possible therapeutics. How to
decide which variants to study? Analysis of the top-scoring
GWASs from Alzgene has yielded a pattern of common cellu-
lar pathways in which the genes carrying these variants are
involved, including inflammation, endocytosis and cholesterol
metabolism (72). In particular, the endo/lysosome pathway
appears to play a prominent role in AD as the main compo-
nents of the APP processing machinery reside in vesicles traf-
ficked through this system and pathological abnormalities are
present in AD patient tissue (54). GWASs hits such as SORL1
and PICALM play a direct role in endocytic and vesicular pro-
cesses. SORL1, identified in 2007 as a risk factor for AD (21)
directly interacts with APP and sequesters the full-length
protein away from late endosomes where amyloidogenic
processing can occur (73). PICALM is involved in clathrin-
mediated endocytosis and may be involved in trafficking
important components of synapses, a process disrupted in

AD that correlates strongly with cognitive deficits (74,75).
Due to limited success of current AD therapies, perhaps inves-
tigating these cellular pathways using human, patient-specific
cells will yield new targets for drug discovery.

Although human stem cell research and its application to
AD is still a field in its infancy, the basic biology of these
cells is being intensively studied and protocols are being
rapidly developed, validated and improved upon. As the first
AD studies show, it is possible to study neurons from a
patient with AD in a dish and observe relevant phenotypes
and behaviors. Our challenge now is to use this system to
build on decades of previous AD work so that we can and
more fully understand and treat this devastating disorder.
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