
 

Induced pluripotent stem cells reveal causes
of disease
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Using a novel patient-specific stem cell-based therapy, researchers at the
National Eye Institute (NEI) prevented blindness in animal models of geographic
atrophy, the advanced "dry" form of age-related macular degeneration (AMD),
which is a leading cause of vision loss among people age 65 and older. The
protocols established by the animal study, published January 16 in Science
Translational Medicine (STM), set the stage for a first-in-human clinical trial
testing the therapy in people with geographic atrophy, for which there is
currently no treatment. As pictured in this illustration, researchers will take a
patient's blood cells and convert them in a lab to induced Pluripotent Stem cells
(iPS cells) which are capable of becoming any type of cell in the body. iPS cells
would then be programmed to become retinal pigment epithelial (RPE) cells, the
type of cell that dies early in the geographic atrophy form of AMD. Credit:
National Eye Institute, NIH
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Induced pluripotent stem cells (iPSC) are suitable for discovering the
genes that underly complex, rare genetic diseases. Scientists from the
German Cancer Research Center (DKFZ) and the European Molecular
Biology Laboratory (EMBL), together with international partners, have
studied genotype-phenotype relationships in iPSCs using data from
approximately 1,000 donors.

Tens of thousands of tiny genetic variations (SNPs, single nucleotide
polymorphisms) have been identified in the human genome that are
associated with specific diseases. Many of these genetic variants are not
located in the protein-coding regions of genes, but affect regulatory
sections. Therefore, scientists are trying to find out if and in which
tissues these variants can be linked to changes in the activity of specific
genes.

Typically, such analyses are performed in blood cells or tissue biopsies,
depending on the type of disease. "Pluripotent stem cells, however,
might be better suited for this purpose in many cases, as they are
undifferentiated and therefore reflect the ancestral state of all cells,"
says Oliver Stegle, division head at the German Cancer Research Center
and group leader at EMBL. "Stem cells could be particularly relevant
when searching for the cause of diseases that occur early in
development."

Pluripotent stem cells can be generated in the culture dish from normal
body cells obtained from a blood sample, for example. They are referred
to as "induced pluripotent stem cells," or iPSCs for short, since they are
not naturally occurring stem cells.

Together with scientists from Stanford University and additional
international cooperation partners, Oliver Stegle's team has compiled
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sequence and transcriptome data on iPSCs from around 1000 donors.
The researchers systematically examined these data to identify
correlations between individual genetic variants and altered expression
patterns in stem cells. The results have now been published in the journal
Nature Genetics.

For more than 67% of all genes active in iPSCs, the researchers found
differential expression patterns depending on genetic variants. Many of
these associations are novel and have not been described in somatic cell
types before. For over 4000 of these associations, the genetic variants
responsible for the altered expression patterns could be linked to specific
diseases. These included, for example, variants associated with coronary
heart disease, lipid metabolism disorders or hereditary cancers.

Stegle and colleagues also investigated whether iPS are suitable for
identifying the causative genes of rare genetic diseases. They used iPSC
lines from 65 patients who suffered from various rare diseases, whose
causal gene defects were already known through previous analyses. In
the transcriptome data of these iPSC lines, the scientists searched for
particularly conspicuous "outliers" in the expression pattern. These
analyses reliably led to the trace of the genetic basis of the disease.
"Such screenings were previously impossible because there were simply
no sufficiently large reference collections of iPS transcriptomes,"
explained Marc Jan Bonder, first author of the study.

"We were surprised to find such a large number of disease-associated
genetic variants that are already visible in the expression pattern at the
earliest time point of cell differentiation, represented by the iPSCs."
Until now, the relevance of iPSCs for such biomedical analyses has been
significantly underestimated.

In a companion paper, published in the same issue of Nature Genetics,
Stegle and colleagues from EMBL-EBI and the Wellcome Trust Sanger
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Institute used more than 200 iPSC lines to investigate how genetic
variants affect differentiation into neuronal cells.

The scientists performed RNA single-cell sequencing at different time
points of neuronal cell differentiation. This allowed them to analyze how
genetic variants affect expression patterns in different cellular states,
including different neuronal cell types. "The study demonstrates the
power of combining single-cell sequencing with iPSC technologies to
dissect the effect of genetic variants in cell types that would otherwise be
inaccessible," Stegle explains.

  More information: Identification of rare and common disease variants
using population-scale transcriptomics of pluripotent cells. Nature
Genetics 2021, DOI: dx.doi.org/10.1038/s41588-021-00800-7 

Population-scale single-cell RNA-seq profiling across dopaminergic
neuron differentiation. Nature Genetics 2021, DOI:
dx.doi.org/10.1038/s41588-021-00801-6
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