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The CRISPR/Cas system: An emerging technology in stem cell research

Maria Teresa Valenli, Michela Serena, Luca Dalle Carbonare, Donalo Zipelo

Abstract

The identification of new and even more precise lechnologies for modifying and
manipulating the genome has been a challenge since the discovery of the DNA double helix.
The ability to selectively modify specific genes provides a powerful tool for characterizing
gene funchions, performing gene therapy, correcting specific genetic mulations, eradicating
diseases, engineering cells and organisms o achieve new and different functions and
obtaining transgenic animals as models for studying specific diseases.

CRISPR/Cas? technology has recently revolutionized genome engineering. The
application of this new technology to stem cell research allows disease models to be
developed o explore new therapeulic tools, The possibility of lranslaling new syslems of
molecular knowledge to clinival research is particularly appealing for addressing
degenerative diseases. In this review, we describe several applications of CRISPR/ Cas9 to
stem cells related o degenerative diseases. In addition, we address the challenges and
future perspectives regarding the use of CRISPR/Cas9 as an important technology in the
medical sciences,

INTRODUCTION

Gene editing

The development of gene largeting by homologous recombination (HR) was one of the
fundamental steps forward in the field of genome editing, allowing site-directed specific
mulation of a desired locus by exploiting homology arms Lo facilitale recombination at the
donor sitel’l, HR-mediated gene targeting led Lo the generation of both knock-in and knock-

out cell lines as well as many transgenic animal models. However, one of the weaknesses of
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A Broad Overview and Review of CRISPR-Cas Technology ...
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Feb 11, 2016 - CRISPR/Cas Machinery and Mechanisms of Action. The CRISPR/Cas system of
immunity is comprised of three steps; adaptation, expression, and interference. The adaption stage
involves the recognition and cleavage of a protospacer from invading DNA by the cas genes. The
subsequent insertion {acquisition) of foreign DNA. .
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The use of CRISPR/Cas technology for genome editing suggests many potential applications, including
the alteration of the germline of humans, animals and food crops. The speed and efficiency of the
CRISPR/Cas system make it a potentially useful system for gene therapy.
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Since their discovery, CRISPR-based systems have fundamentally transformed our ability to manipulate
genomes. When combined with stem cells, these gene-editing tools also have the power to reshape our
understanding of human genetics, developmental biology, and regenerative medicine.
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From bactenal CRISPR-Cas immune system to engineered EMA-guided nucleases CRISPR systems are
adaptable immune mechanisms used by many bacteria to protect themselves from foreign nucleic
acids, such as viruses or plasmids 2 -5 .
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