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Abstract

Regenerative medicine, an emerging area of health, is currently being explored in depth and could have a tremendous impact on improving
the quality of life of the world’s population. The study of molecular mechanisms of Stem Cells has evidenced its regenerative properties, at the
same time, the maturation of the precise gene-editing technology (CRISPR/Cas9), has made it possible to manipulate key regenerative properties
such as self-renewal and the controlled release of trophic factors, allowing to improve the natural regenerative process in situ, among mammalian

organisms.

Keywords: CRISPR/Cas9; Stem cells; Gene-editing; Trophic factors; Secretome; D-Cas9

Introduction

Regenerative medicine is currently taking a tremendously
interesting course; derived from the depth of molecular studies
of stem cells and tissue organization. Therefore; the CRISPR/
Cas9 systems; has been proven to be a powerful tool for precise
genome targeting; becoming a multiple “swiss-knife” that allows
the manipulation of human Stem Cells in many ways. Thus; while
different versions of the initial SpCas9 (from Streptococcus
pyogenes) have been developed; many groups have manipulated
Stem cells [1]; seeking to improvement of regenerative properties
in vitro and in situ.

Henceforth recent years; three types of stem cells have
seized the international scene for their capacities; Embryonic
Stem Cells (ESCs); Induced Pluripotent Stem Cells (iPSCs) and
remarkably; Mesenchymal Stem cells (MSCs). The first two; as
the “gold standards” of plutipotency and differentiation and the
third for its regenerative and trophic support properties [2]. All
these virtues can be enhanced through CRISPR/Cas9 technology;
-increased proliferation [3]; directed differentiation towards
specific lineages [4]; major production of trophic factors- in such
a way that it is begun to direct the way in which the regenerative
process is given; intentionally.

Beyond Regenerative Medicine: Leading to Self-
Repair

The rapid evolution of the CRISPR systems; allow to
idealize in the not too distant future; ways of being able to
heal the damaged tissue in vivo; in order to restore complete
organs functionality; enabling to alleviate the problems of

the shortage of organs available in the health centers; for
transplants. However; currently most research groups are in the
standardization of methods to enhance regenerative capacities.
A few others are already beginning to demonstrate the precise
manipulation of stem cells into the repair of complex tissues. One
of the fundamental elements is to be able to adequately obtain
the damaged cell population in the tissue to be repaired. The
group of Furuhata et al. [4] promotes de differentiation of MSCs
towards adipocyte-like cells in vivo; through a dCas9-based
transcription system; converted via single-gene activation. These
works demonstrate a remarkable manipulation of endogenous
genes that could replenished the damaged adipocyte population
using the MSCs from the niche. Likewise; this precise-editing
example could be applied to any stem population where genes
involved in differentiation and maturation are identified.

On the other hand; Stem Cells release factors such as
cytokines; growth factors; interleukins; antioxidants; chaperone
molecules; exosomes; microRNAs; also known as the secretome
[5]. Interestingly; MSCs has been associated to release
neurotrophic factors in a similar way as Neural Stem Cells
(NSCs) in the Central Nervous System (CNS) and performed
enhanced neuronal and astrocytic survival and differentiation
[6]. Therefore; the manipulation of the secretome could be key
for promote precise therapeutic approaches within the CNS.
For example; Raikwar et al. [7]; discovered a proinflammatory
molecule; Glia maturation factor (GMF); that is expressed in the
reactive glial cells surrounding the amyloid plaques in Alzheimer
Disease (AD) human brains. They developed lentiviral-vectors
based in SpCas9; directed to GMF; suggesting that the in vivo
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targeting (gene-editing) could lead to a novel therapy to
counteract the inflammation existing in AD.

Another interesting approach might be; the use of human
MSCs that can sense the presence of GMF and that will release
neurotrophic factors; promoting a self-repair of the reactive
glia present not only in AD; but also, in Parkinson’s Disease
(PD) and other neurodegenerative diseases. This through the
construction of an inducible synthetic circuit; using modern
assembly techniques as BioBricks; Gibson or Golden gate [8].

Perspectives and Conclusion

Several areas have emerged in search of improving the
regenerative process in mammals; recent literature indicates
that regenerative medicine will make significant progress by
controlling properties in situ; teaching the tissue to regenerate
itself or by an impulse generated by manipulating the genetic
program of resident Stem Cells. In addition; the growing
technology advances in scaffolds production; assisted by 3D
printing; could elicitthe formation oftissue in vitro thatresembles
key human properties; being suitable for drug discovery; disease
modeling or tissue transplant. On the other hand; the refinement
of organoids through CRISPR/Cas9 systems; may establish the
guideline for directing the regenerative process and in a safer
way; before being tested directly on patients. In summary; over
the next decade; great achievements will be made by directing
the regenerative processes; through modern gene-editing
technologies as CRISPR systems.
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