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The advent of somatic cell reprogramming has provided a remarkable 
opportunity for neuropsychiatric research. Acquiring biological data on 
disorders of the central nervous system was previously restricted to studies 
on postmortem tissue and animal models of questionable validity. Now 
that neurons can be formed in a dish starting from patient fibroblasts, it is 
possible to generate cell culture models that may capture the biology of 
psychiatric disorders. For genetically complex and heterogeneous disorders 
like schizophrenia (SCZ), this means that the genetic background of a patient 
may be captured without necessarily knowing exactly which genetic variants 
are contributing to that person’s illness.

A few studies have examined patient-derived induced pluripotent stem cells 
(iPSCs) that have been differentiated into neural progenitor cells (NPCs), 
and further into mature neurons.  Brennand et al. [1] contributed the first 
SCZ iPSC study, which suggested that there were connectivity impairments 
in the four patient samples utilized. They also carried out gene expression 
analysis that implicated many pathways previously associated with SCZ.  
Highlighting the importance of using the disease-relevant cell type as a 
model, it was shown that gene expression of NRG1, a top hit in their screen, 
was only aberrant in patient-derived iPSCs, and no difference from controls 
was discernable in fibroblasts, iPSCs, or NPCs.  A later study on NPCs derived 
from the same patients gave further details on gene expression profiles 
that implicated cytoskeletal remodeling and oxidative stress pathways [2].

These studies were done using a differentiation protocol that directs iPSCs 
to a neural fate, but not specifically toward a particular neural subtype.  
One later study uses SCZ as a proof-of-principle disorder for modeling 
hippocampal neurogenesis, and used iPSCs derived from the same patients 
as in the two previously described [3].  Here, the authors sought to direct 
differentiation toward neurons expressing a marker found in the dentate 
gyrus (DG), one of only two known areas of neurogenesis in the adult brain.  
They observed impaired production of DG neurons, and deficits in neuronal

function and DG-associated gene expression, hinting at a possible basis for the 
cognitive impairments associated with SCZ.  Directed differentiation methods 
have been described to preferentially generate excitatory cortical neurons [4] 
and GABAergic neurons [5], both of which have been implicated in SCZ, 
and which could yield valuable information if employed with SCZ iPSCs.

Focusing on specific cell types, however, has already generated conflicting 
results. A study that used the same four patient iPSCs found, using a protocol 
that did not direct differentiation toward any specific neural subtype, that 
SCZ iPSCs tended to produce more dopaminergic neurons and secreted 
more dopamine into the cell culture media [6], while another study that used 
three other patient lines, which were directed toward a dopaminergic fate, 
found the opposite [7].  The authors give a few potential explanations for 
discrepancies, all of which are issues inherent to the field of iPSC neuron 
generation.  First, with small sample sizes, it is always difficult to generalize 
to entire patient population.  Second, patients are selected using different 
criteria in different studies:  while Hook et al. used a more heterogeneous set 
of patient lines, Robicsek et al. [6] selected patients with a specific diagnostic 
and medication profile.  The fact that patient lines come with their own set of 
clinical data makes iPSCs both attractive, in that biological data can then be 
correlated with clinical data, and challenging, as the availability and quality 
of clinical data can vary widely from patient to patient.  Combined with the 
small sample sizes that tend to come with the territory in stem cell research, 
this can make for slow progress.  Finally, Robicsek et al. [7] note that 
although SCZ has been linked to increased midbrain dopaminergic activity, 
it has also been linked to decreased dopaminergic activity in the prefrontal 
cortex.  Thus, it is possible that the different differentiation methods gave 
rise to neural populations representative of different parts of the brain. 



As we continue to gain insight into the many ways different neural subtypes 
may play a role in SCZ physiology, another known aspect of SCZ to keep 
in mind is patient age at onset.  Brennand et al. [2] found that their 6-week-
old neurons had gene expression profiles most similar to first trimester fetal 
brain tissue when compared to profiles in the Allen BrainSpan Atlas.  Other 
studies have also indicated that the timeline for differentiation of iPSC-
derived neuronal cultures approximately mirrors the timeline for fetal brain 
development [4,5].  However, SCZ typically manifests clinically around 18-
25 years of age.  While the findings on early iPSC-derived neural cultures are 
intriguing and important, since prenatal stress and neurodevelopmental deficits 
have been implicated in SCZ, it is also important to consider that the changes 
that occur later in life, in the setting of environmental stressors and hormonal 
changes, may not be captured by neurons that are a few weeks or months old.

Interestingly, all SCZ iPSC studies that looked at mitochondrial function 
and reactive oxygen species (ROS) found that patient cell lines had an 
increased level of mitochondrial dysfunction and ROS, signs typical of 
aging [2,7,8].  Individuals with SCZ are disproportionately likely to show 
indications of more rapid aging, such as early heart and metabolic problems, 
and have a shorter average life expectancy, even when accounting for 
a higher suicide rate.  It is possible that the telltale signs of cellular aging 
that have already been observed may provide biological insight into these 
clinical observations, and there may already be methods to enhance the 
“aged” phenotype observed in these early neuronal cultures.  For example, 
expression of NGN2 has been shown to rapidly differentiate iPSCs to 
neurons on a much faster time scale than traditional neural induction 
and differentiation methods [9].  Miller et al. reported an “aged” iPSC-
derived neuron model of Parkinson’s disease by expressing progerin, 
a protein associated with progeria [10]. These rapid-aging models may 
bring forth another useful phenotype from SCZ patient-derived cell lines.

Modeling SCZ at a cellular level is only beginning, and many questions 
remain.  What sort of cell type-specific effects will be observed?  Will there 
be different outcomes based on the neural induction and differentiation 
methods used?  How much of those effects depends on the clinical phenotype 
of the subjects?  To what extent will iPSC-derived neuronal cultures, which 
so far best model fetal development, explain a disorder that typically presents 
in early adulthood?  Will methods that “age” cell cultures help?  With the 
necessarily small number of patients from whom cell lines have been derived 
thus far, we have a long way to go, but as the list of patient lines becomes 
longer and more diverse, and as more groups approach the study of SCZ 
from different angles, a more complete picture of SCZ biology can emerge.

Enliven Archive | www.enlivenarchive.org	 2	 2015 | Volume 1 | Issue 1 

Reference
	
1.	 Brennand KJ, Simone A, Jou J, Gelboin-Burkhart C, Tran N, et al. (2011) 

Modelling schizophrenia using human induced pluripotent stem cells. 
Nature 473: 221-225.

2.	 Brennand K, Savas JN, Kim Y, Tran N, Simone A, et al. (2014) 
Phenotypic differences in hiPSC NPCs derived from patients with 
schizophrenia. Mol Psychiatry.

3.	 Yu DX, Di Giorgio FP, Yao J, Marchetto MC, Brennand K, et al.  (2014) 
Modeling Hippocampal Neurogenesis using Human Pluripotent Stem 
Cells. Stem Cell Reports 2: 295-310.

4.	 Shi Y, Kirwan P, Smith J, Robinson HP, Livesey FJ (2012) Human 
cerebral cortex development from pluripotent stem cells to functional 
excitatory synapses. Nat Neuroscience 15: 477-486.

5.	 Nicholas CR, Chen J, Tang Y, Southwell DG, Chalmers N, et al. (2013) 
Functional maturation of hPSC-derived forebrain interneurons requires 
an extended timeline and mimics human neural development. Cell Stem 
Cell 12: 573-586.

6.	 Hook V, Brennand KJ, Kim Y, Toneff T, Funkelstein L, et al. (2014) 
Human iPSC neurons display activity-dependent neurotransmitter 
secretion:  aberrant catecholamine levels in schizophrenia neurons. Stem 
Cell Reports 3: 531-538.

7.	 Robicsek O, Karry R, Petit I, Salman-Kesner N, Müller FJ, et al.  (2013) 
Abnormal neuronal differentiation and mitochondrial dysfunction in hair 
follicle-derived induced pluripotent stem cells of schizophrenia patients. 
Mol Psychiatry18: 1067-1076.

8.	 Paulsen Bda S, de Moraes Maciel R, Galina A, Souza da Silveira M, 
dos Santos Souza C, et al. (2012) Altered oxygen metabolism associated 
to neurogenesis of induced pluripotent stem cells derived from a 
schizophrenic patient. Cell Transplant 21: 1547-1559.

9.	 Zhang Y, Pak C, Han Y, Ahlenius H, Zhang Z, et al. (2013) Rapid single-
step induction of functional neurons from human pluripotent stem cells. 
Neuron 78: 785-798.

10.	 Miller JD, Ganat YM, Kishinevsky S, Bowman RL, Liu B, et al. (2013) 
Human iPSC-based modeling of late-onset disease via progerin-induced 
aging. Cell Stem Cell 13: 691-705.

Submit your manuscript at
http://enlivenarchive.org/submit-manuscript.php

Apart from providing HTML, PDF versions; we also provide 
video version and deposit the videos in about 15 freely accessible 
social network sites that promote videos which in turn will aid in 

rapid circulation of articles published with us.

New initiative of Enliven Archive

http://www.ncbi.nlm.nih.gov/pubmed/21490598
http://www.ncbi.nlm.nih.gov/pubmed/21490598
http://www.ncbi.nlm.nih.gov/pubmed/21490598
http://www.ncbi.nlm.nih.gov/pubmed/24686136
http://www.ncbi.nlm.nih.gov/pubmed/24686136
http://www.ncbi.nlm.nih.gov/pubmed/24686136
http://www.ncbi.nlm.nih.gov/pubmed/24672753
http://www.ncbi.nlm.nih.gov/pubmed/24672753
http://www.ncbi.nlm.nih.gov/pubmed/24672753
http://www.ncbi.nlm.nih.gov/pubmed/22306606
http://www.ncbi.nlm.nih.gov/pubmed/22306606
http://www.ncbi.nlm.nih.gov/pubmed/22306606
http://www.ncbi.nlm.nih.gov/pubmed/23642366
http://www.ncbi.nlm.nih.gov/pubmed/23642366
http://www.ncbi.nlm.nih.gov/pubmed/23642366
http://www.ncbi.nlm.nih.gov/pubmed/23642366
http://www.ncbi.nlm.nih.gov/pubmed/25358781
http://www.ncbi.nlm.nih.gov/pubmed/25358781
http://www.ncbi.nlm.nih.gov/pubmed/25358781
http://www.ncbi.nlm.nih.gov/pubmed/25358781
http://www.ncbi.nlm.nih.gov/pubmed/23732879
http://www.ncbi.nlm.nih.gov/pubmed/23732879
http://www.ncbi.nlm.nih.gov/pubmed/23732879
http://www.ncbi.nlm.nih.gov/pubmed/23732879
http://www.ncbi.nlm.nih.gov/pubmed/21975034
http://www.ncbi.nlm.nih.gov/pubmed/21975034
http://www.ncbi.nlm.nih.gov/pubmed/21975034
http://www.ncbi.nlm.nih.gov/pubmed/21975034
http://www.ncbi.nlm.nih.gov/pubmed/23764284
http://www.ncbi.nlm.nih.gov/pubmed/23764284
http://www.ncbi.nlm.nih.gov/pubmed/23764284
http://www.ncbi.nlm.nih.gov/pubmed/24315443
http://www.ncbi.nlm.nih.gov/pubmed/24315443
http://www.ncbi.nlm.nih.gov/pubmed/24315443

	Corresponding author
	Citation

