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Editorial
This year marks the 10th anniversary of the publication of works on the production of induced
human pluripotent stem cells (hiPSC) [1,2]. It was a decade that truly revealed the potential of using
hiPSC in fundamental and applied, biomedical research, and also highlighted the problems that
have yet to be solved. At the moment, there are two main directions for using hiPSC:
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1.

The use of hiPSC as a source of material for replacement cellular and tissue therapy.

2.

Use of hiPSC to model pathological conditions in vitro.

Unfortunately, the number of clinical trials using hiPSC and their differentiated derivatives
is not yet great. In fact, there is now one registered study using retinal pigment epithelial cells
derived from autologous hiPSCs [3]. The development of this direction is hampered by a number
of objective reasons. One of the reasons lies in the oncogenic potential of hiPSC, in that they
are capable of forming teratomas [4]. This problem can be solved thanks to the development of
cell sorting technologies using reliable markers, which make it possible to separate completely
differentiated cells from undifferentiated or partially differentiated cells. Another, and perhaps
most serious, problem is the accumulation of gene and chromosomal mutations in the process of
cell cultivation [5]. Now, this problem can be solved only by selecting the most intact cell clones
using full genomic sequencing or analysis using high-resolution chips. In addition to the above,
in general, the progressive development of hiPSC clinical application technologies is the high cost
and complexity of the infrastructure, which allows us to obtain hiPSC lines under GMP conditions.
Solving these problems requires coordinated, joint action of the scientific community. These actions
should not only come from researchers working in basic science, but also from clinicians, doctors
and regulatory organizations at the national and global levels. In addition to the use of hiPSC in
regenerative medicine, the direction of research related to the creation of cellular disease models is
progressively developing [6]. Unlike regenerative medicine, the cells used for modeling diseases are
not subject to such stringent requirements. They can be obtained in conventional laboratories that
do not meet GMP standards. This greatly enhances progress in this area. At the present time, many
cell lines of patients suffering from various diseases, diseases of all organs and systems have been
obtained. The development of protocols for the directional differentiation of hiPSC in the relevant
cell types also does not stand still. Now there are methods for obtaining cardiomyocytes, neurons
of various types, cells like hepatocytes, etc. Of course, these protocols should be improved in terms
of obtaining more mature cells that reproduce the pathological phenotype as much as possible. In
addition, a huge problem in the field of in vitro disease modeling is that in most cases, numerous
interactions between different types of cells that exist in the living body are not considered. Partially
this problem is solved by the use of technology of organoids [7,8]. Organoids are three-dimensional
structures consisting of more than one type of cells. They are more advanced model systems, both
for basic research in the field of tissue physiology and developmental biology, and for the search
for medicines. Another great tool for creating and researching cellular models based on hiPSC are
genome editing systems, such as CRISPR-Cas9. Due to its efficiency and ease of use, this system
has already found the widest application, including for the study of models of hereditary diseases
[9,10]. Using it, you can create isogenic cellular models and study in detail the roles of genes and
regulatory elements of the genome in pathological processes. In its totality, the technology of
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induced pluripotency, directed differentiation of pluripotent cells,
technology of creation of 3D organoids and editing of genomes are
a unique tool for studying the functioning of genomes and cells in
normal and pathological conditions. Accelerating progress in these
areas gives grounds for cautious optimism, gives some confidence
that the next decade will give us real opportunities for drug and cell
therapy of diseases.

5. Lund RJ, Närvä E, Lahesmaa R. Genetic and epigenetic stability of human
pluripotent stem cells. Nat Rev Genet. 2012;13(10):732-44.

References

8. Takebe T, Sekine K, Enomura M, Koike H, Kimura M, Ogaeri T, et al.
Vascularized and functional human liver from an iPSC-derived organ bud
transplant. Nature. 2013;499(7459):481-4.

6. Avior Y, Sagi I, Benvenisty N. Pluripotent stem cells in disease modelling
and drug discovery. Nat Rev Mol Cell Biol. 2016;17(3):170-82.
7. Spence JR, Mayhew CN, Rankin SA, Kuhar MF, Vallance JE, Tolle K, et
al. Directed differentiation of human pluripotent stem cells into intestinal
tissue in vitro. Nature. 2011;470(7332):105-9.

1. Takahashi K, Tanabe K, Ohnuki M, Narita M, Ichisaka T, Tomoda K, et
al. Induction of pluripotent stem cells from adult human fibroblasts by
defined factors. Cell. 2007;131(5):861-72.

9. Chang CW, Lai YS, Westin E, Khodadadi-Jamayran A, Pawlik KM,
Lamb LS Jr, et al. Modeling Human Severe Combined Immunodeficiency
and Correction by CRISPR/Cas9-Enhanced Gene Targeting. Cell Rep.
2015;12(10):1668-77.

2. Yu J, Vodyanik MA, Smuga-Otto K, Antosiewicz-Bourget J, Frane JL, Tian
S, et al. Induced pluripotent stem cell lines derived from human somatic
cells. Science. 2007;318(5858):1917-20.

10. Park CY, Kim DH, Son JS, Sung JJ, Lee J, Bae S, et al. Functional
Correction of Large Factor VIII Gene Chromosomal Inversions in
Hemophilia A Patient-Derived iPSCs Using CRISPR-Cas9.Cell Stem Cell.
2015;17(2):213-20.

3. Mandai M, Watanabe A, Kurimoto Y, Hirami Y, Morinaga C, Daimon
T, et al. Autologous Induced Stem-Cell-Derived Retinal Cells for Macular
Degeneration. N Engl J Med. 2017;376(11):1038-46.
4. Ben-David U, Benvenisty N. The tumorigenicity of human embryonic and
induced pluripotent stem cells. Nat Rev Cancer. 2011;11(4):268-77.

Remedy Publications LLC.

2

2017 | Volume 1 | Issue 1 | Article 1001

