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Highlights
Over a decade of schizophrenia
research using human iPSC-based
neuronal models has enhanced our
understanding of the neurobiological
characteristics of the disorder.

Studies using iPSC-based models of
schizophrenia have identi� ed alterations
in neural progenitor cell proliferation,
imbalanced differentiation of excitatory
and inhibitory cortical neurons, and
failure to establish projection neuron sub-
Over a decade of schizophrenia research using human induced pluripotent stem
cell (iPSC)-derived neural models has provided substantial data describing
neurobiological characteristics of the disorder in vitro . Simultaneously, transla-
tion of the results into general mechanistic concepts underlying schizophrenia
pathophysiology has been trailing behind. Given that modeling brain function
using cell cultures is challenging, the gap between the in vitro models and
schizophrenia as a clinical disorder has remained wide. In this review, we high-
light reproducible � ndings and emerging trends in recent schizophrenia-related
iPSC studies. We illuminate the relevance of the results in the context of
human brain development, with a focus on processes coinciding with critical
developmental periods for schizophrenia.
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populations. Many of these impairments
have been associated with altered WNT
signaling during neurogenesis.

Studies in neurons derived from pa-
tients with schizophrenia have identi-
� ed alterations in both excitatory and
inhibitory neurotransmission, as well
as disrupted synaptic maturation.

iPSC-based models have shed light on
the contribution of genetic risk factors
and prenatal environmental insults to
the development of schizophrenia and
other psychiatric disorders.
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Schizophrenia from a developmental perspective
Risk genes of schizophrenia and other mental disorders are highly expressed in the hum
brain during midgestation, a time period coinciding with cortical neurogenesis, axonal path� nd-
ing, and neuronal functional development [1–5]. In turn, the typical onset age of schizophreni
is from the early 20s to 30s [6,7], and is preceded by cortical excitatory synaptic remodeling
and maturation of the inhibitory system [8,9]. Neuroimaging and postmortem studies have
detected cortical layer disorganization [10] and loss of speci� c neuronal subtypes [11] in the
brains of patients with psychiatric disorders. However, the origin of these changes h
remained elusive. Likewise, altered structural and functional brain connectivity have bee
linked to schizophrenia but the neurobiological mechanisms driving these changes are no
fully understood [12–19].

The developmental timeline of iPSC-derived neurons in culture recapitulates certain aspe
of fetal brain development [2,20,21] and, together with the ability to incorporate genetic ris
variants into these models, iPSC-derived brain cells have provided a valuable tool for stu
ing neurobiological characteristics of schizophrenia. Based on evidence from iPSC studies
differences in brain development in healthand schizophrenia appear to arise during
neurogenesis [2,22,23]. Aberrant neural progenitor cell (NPC) proliferation and differentiat
into neurons have been linked to changes in cortical morphogenesis and cell type comp
sition in patient-speci� c neuronal models [22,23]. In addition, alterations in neuronal func
tion, including excitatory–inhibitory imbalance, have been detected in iPSC-based mode
of schizophrenia [24,25].

In this review, we discuss� ndings from iPSC studies of schizophrenia and emerging trends in th
� eld. The� ndings are arranged under three main topics: cortical neurogenesis, brain connectiv
and brain functional development. Each of the three sections is accompanied by an introducto
box (Boxes 1–3) that summarizes important aspects of the relevant developmental proce
in vivoand in vitro.The boxes offer a context for the subsequent discussion of schizophreni
related abnormalities found in iPSC models of schizophrenia.Figure 1(Key� gure) presents a
timeline of the developmental phenomena discussed throughout the article.
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