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Abstract On the 10-year anniversary of the discovery of induced pluripotent stem cells, we
review the main results from their various fields of application, the obstacles encountered during experimentation and the potential applications in clinical practice. The efficacy of induced
pluripotent cells in clinical experimentation can be equated to that of human embryonic stem
cells; however, unlike stem cells, induced pluripotent cells do not involve the severe ethical
difficulties entailed by the need to destroy human embryos to obtain them. The finding of these
cells, which was in its day a true scientific milestone worthy of a Nobel Prize in Medicine, is
currently enveloped by light and shadow: high hopes for regenerative medicine versus the,
as of yet, poorly controlled risks of unpredictable reactions, both in the processes of dedifferentiation and subsequent differentiation to the cell strains employed for therapeutic or
experimentation goals.
© 2016 Elsevier España, S.L.U. and Sociedad Española de Medicina Interna (SEMI). All rights
reserved.

Diez años desde el descubrimiento de las células iPS: estado actual de su aplicación
clínica
Resumen Al cumplirse 10 años del descubrimiento de las células pluripotenciales inducidas
se revisan los principales resultados en sus distintos campos de aplicación, los obstáculos con
los que se ha encontrado su experimentación, así como las posibles aplicaciones en la práctica
clínica. La eficacia de las células pluripotenciales inducidas en la experimentación clínica puede
equipararse a la de las células troncales embrionarias humanas, pero, a diferencia de estas, no
presentan la grave dificultad ética que conlleva la necesidad de destruir embriones humanos

夽

Please cite this article as: Aznar J, Tudela J. Diez años desde el descubrimiento de las células iPS: estado actual de su aplicación clínica.
Rev Clin Esp. 2016. http://dx.doi.org/10.1016/j.rce.2016.08.003
∗ Corresponding author.
E-mail address: justo.aznar@ucv.es (J. Aznar).
2254-8874/© 2016 Elsevier España, S.L.U. and Sociedad Española de Medicina Interna (SEMI). All rights reserved.
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para su obtención. El hallazgo de estas células, que constituyó en su día un verdadero hito científico merecedor de un Premio Nobel de Medicina, está hoy rodeado de luces y sombras: grandes
esperanzas en la medicina regenerativa frente a riesgos aún no bien controlados de reacciones
imprevisibles, tanto en los procesos de desdiferenciación como en la posterior diferenciación
hacia las estirpes celulares empleadas con fines terapéuticos o de experimentación.
© 2016 Elsevier España, S.L.U. y Sociedad Española de Medicina Interna (SEMI). Todos los
derechos reservados.

Background
Few biomedical discoveries in recent decades have raised
so many expectations as the achievement of adult reprogrammed cells or induced pluripotent stem (iPS) cells.1
Pluripotent cells are obtained from adult cells from various
tissues that, after genetic reprogramming, can dedifferentiate to a pluripotency state similar to that of embryonic cells,
which allows for subsequent differentiation into different
cell strains (Fig. 1).2,3
In our opinion, this discovery is relevant not only to
biomedical issues but also to ethical ones, given that iPS
cells could replace human embryonic stem cells (whose use
raises numerous ethical problems) in biomedical experimentation and in clinical practice. However, after the last 10
years, the use of iPS cells has still not been clarified. A number of expectations have been met, but other mainly clinical
expectations are still far from being achieved.

Current research limitations with iPS cells
There is a notable low efficacy in the techniques employed
for obtaining a sufficient proportion of iPS cells, which
represents a difficulty in its clinical application.4 Another
limitation is the incomplete reprogramming, which depends
on the type of cell employed,5 and the problems of mutagenesis resulting from inserting exogenous transcription-factor
coding genes, which can cause tumors in the employed cells
used.6 Recent studies aim to mitigate this effect.7 A clinical
trial for treating macular degeneration with retinal pigment
epithelium cells derived from autologously obtained iPS cells
has recently been halted.8 After an initially successful experience with the first treated patient, the genetic sequencing
of the iPS cells obtained from the second patient revealed
mutations in 3 different genes, one of which was classified as
oncogene in the Catalogue of Somatic Mutations in Cancer.

iPS or human embryonic stem cells
A highly debated topic in the scientific arena is whether iPS
cells are similar to human embryonic stem cells. A recent
study concluded that human embryonic stem cells and
iPS cells are molecularly and functionally equivalent.9 The
experiment consisted of comparing (at the transcriptomic
and epigenetic level) human iPS cells and human embryonic
cells generated from the same individual, differentiating

human embryonic cells in skin cells and reprogramming
them to iPS cells to establish the comparison with the
original embryonic cells. Although this study was based on
genetically identical cells, the authors found no essential
differences in the patterns of genetic expression, of genome
methylation or in the differentiation capacity of the embryonic stem cells and the iPS cells derived from them. The
authors therefore concluded that the cells were molecularly
and functionally equivalent.

Fields for applying iPS cells
The use of iPS cells has focused on 2 objectives. The first
objective is to obtain a relevant cell type for certain diseases that enables studies on its in vitro pathophysiological
mechanisms as an alternative to performing biopsies and
growing primary cultures of differentiated cell types.10 Specific objectives have been achieved in this field, given that
iPS cells have been obtained from somatic cells of patients
with more than 30 different diseases, especially neurological, cardiac and hematological diseases; undoubtedly,
experimental material of considerable quality.
The second challenge is deriving (from iPS cells) cells
from various tissues that help the in-depth study of the
pathogenesis and treatment of various diseases,11,12 especially in the cardiology area.13 In the preclinical area,
experience has been gained with mice in the treatment
of sickle cell anemia, correcting the altered somatic cells
through gene therapy. Starting with the modified cells, iPS
cells were generated in which the causal defect had been
corrected, enabling the researchers to obtain hematopoietic progenitors, which were then injected into mice with
sickle cell anemia, significantly improving their clinical
condition.14 Dopaminergic cells can also be produced from
iPS cells to treat Parkinson’s disease in mice,15 and factor
VIII-generating endothelial cells can be produced from iPS
cells to treat hemophilia.16
Unfortunately, the clinical applications of iPS cells are
still far from what was expected. In effect, only 1 clinical
trial has been started with iPS cells, a study implemented by
the RIKEN institute (Kobe, Japan), targeted at treating eye
disease; in this case, age-related macular degeneration.17
As stated previously, this trial was temporarily suspended
due to the onset of potentially oncogenic mutations in the
reprogrammed cells.8 Additionally, regulatory changes have
been introduced in Japan that have imposed new restrictions
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Figure 1

Diagram for obtaining iPS cells from adult cells.

on conducting clinical trials with pluripotent cells, which
adds further barriers to the therapeutic use of iPS cells.
Despite the uncertainty, other avenues have opened up,
which in the near future could offer new possibilities for
using iPS cells. One example is the combination of cell
reprogramming and genetic editing,18,19 using a promising
methodology known as clustered regularly interspaced short
palindromic repeats (CRISPR-Cas9),20 which helps, in an easier and more financial manner than previous procedures,
modify the human genome to suppress disease-causing disorders. In this respect, techniques could be employed such as
CRISPR-Cas9 to modify the genetic disorders that we wish to
remedy in the iPS cells derived from the affected somatic
cells. Thus, by correcting this disorder in the iPS cell, we
proceed to the differentiation toward the cell strain that
will be employed in the treatment; in this case, a cell strain
free of the genetic anomaly present in the original somatic
cell. As an alternative to the CRISP-Cas9 procedure, we can
use restriction enzymes through the transcription activatorlike effector nucleases (TALEN) system, based on modified

nucleases, which have already been tested in a number of
clinical trials.21,22
There are also new expectations concerning the production of human organs in animals, which could help solve
the scarcity of transplants. This production has so far been
achieved in rats, transplanting human embryonic stem cells
in the mass of pluripotent cells of initial embryonic stages
of other species (gastrula, blastocyst), so as to continue in
their development to post-implantation stages.23 However,
this practice has ethical difficulties resulting from the use
of human embryonic cells, as well as a number of safety
problems in the trials.24 These safety problems include the
possibility that human neurons could form in the animal,
creating nerve tissue with the hypothetical ability to create
human consciousness, or that human sex cells are generated able to conceive a human embryo within a chimeric
animal. On the 23rd of September 2015, the US National
Institutes of Health stated that it would not finance this
type of research, while it reconsiders its funding regulations
regarding the ethical assessment of the proposed trials, the
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object of controversy in this case.25 A number of authors,
however, have shown their support for continuing this
research and have openly criticized the decision.26
To overcome the ethical difficulty resulting from destroying human embryos, the substitution of human embryonic
cells with iPS cells has been proposed. The iPS cells could
be used for creating organs not only in rats but also in pigs,
which would bring its use closer to humans due to the size
of the organs produced. However, these experiments also
raise significant ethical problems due to the possibility that
transplanted human iPS cells could produce tissues other
than those intended by the research study, such as human
nerve cells in the animals’ brains. This possibility has meant
that significant financial assistance for these types of experiments has been canceled by the corresponding US health
authorities.24

Future prospects
Cell therapy using iPS cells constitutes a promising resource
for regenerative medicine, which will require optimizing the
processes of dedifferentiation and subsequent differentiation toward cell strains useful for treating a number of
diseases. It is essential that we improve the performance
and safety of this therapy and the tissue implantation process, given that they can give rise to limitations in cell
integration and migration. The greatest therapeutic potential of iPS cells is based on obtaining them from the patient’s
own cells (autogenous) to prevent the risk of immunological
rejection. There are proposals for creating iPS cell banks, for
which the immunologic compatibility treatment would be
analogous to that of current transplantations. It is essential
that we further our understanding of the biological mechanisms of cellular reprogramming and other mechanisms that
lead undifferentiated cells to transform into cells of different tissues.26

Conclusion
Since the discovery of iPS cells 10 years ago, there has been
an assortment of achievements linked to the new possibilities in research on the pathogenesis of various diseases
and their treatment. There have also been a fair number of
apparent failures in its clinical application, which are delaying the promising use of iPS cells in regenerative medicine,
but which do not detract from their immense possibilities in
the field of experimental biomedicine.
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