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Abstract

Purpose of Review The goal of this paper is to highlight the major challenges in the translation of human pluripotent stem cells
into a clinical setting.

Recent Findings Innate features from human induced pluripotent stem cells (hiPSCs) positioned these patient-specific cells as an
unprecedented cell source for regenerative medicine applications. Immunogenicity of differentiated iPSCs requires more research
towards the definition of common criteria for the evaluation of innate and host immune responses as well as in the generation of
standardized protocols for iPSC generation and differentiation. The coming years will resolve ongoing clinical trials using both
human embryonic stem cells (hESCs) and hiPSCs providing exciting information for the optimization of potential clinical
applications of stem cell therapies.

Summary Rapid advances in the field of iPSCs generated high expectations in the field of regenerative medicine. Understanding

therapeutic applications of iPSCs certainly needs further investigation on autologous/allogenic iPSC transplantation.
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hESCs Human embryonic stem cells
iPSCs  Induced pluripotent stem cells
SCNT  Somatic cell nuclear transfer
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Introduction

In the next few months, the seminal discovery that human em-
bryonic stem cells (hESCs) could be derived from pre-
implantation embryos and indefinitely expanded in vitro will
celebrate its 20th anniversary [1]. This landmark finding gener-
ated high hopes, positioning hESCs as a major cell source for
Regenerative Medicine purposes. hESCs were rapidly consid-
ered to be a ready-to-use cellular product with the potential to
give rise to any cell type belonging to the three germ layers of the
embryo (i.c., ectoderm, mesoderm, or endoderm derivatives).
With the goal of transferring hESCs into the clinical arena, the
scientific community developed initial protocols for hESC dif-
ferentiation towards the major organ systems compromised in
human diseases (e.g., neurons, cardiomyocytes, and hematopoi-
etic stem cells, among others). However, despite all these initial
expectations, two major roadblocks preclude hESC translation to
the clinical setting. On one side there are the ethical consider-
ations related to the use of human embryos for their derivation,
and on the other side are issues related with immune rejection
after transplantation (Fig. 1).

All these concerns were solved in 2006 and 2007, when
Takahashi and Yamanaka first described that the pluripotent state
found in in vitro captured hESCs could be artificially induced by
the overexpression of just four transcription factors (OCT4,
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Fig. 1 The generation of hiPSCs
from different somatic cell
sources has opened a plethora of
in vitro applications in patient-
hiPSCs derivatives. More
importantly, current efforts are
guided towards the generation of
HLA-matched iPSCs by genome
editing. Other alternatives for
further application of iPSCs into
the clinics may involve the
generation of allogeneic iPSCs
cell banks worldwide

SOX2, cMYC, and KLF4-OSKM) [2]. The resulting cells, so-
called induced pluripotent stem cells (iPSCs), exhibited all the
molecular and functional features of hESCs while circumventing
the ethical problems associated with the use of human embryos
and immune rejection after transplantation. Importantly, it is wor-
thy to mention that the history of somatic reprogramming was
initially written almost 60 years ago [3]. By that time Gurdon and
colleagues, using the technique of somatic cell nuclear transfer
(SCNT) showed that the nuclei of intestinal epithelial cells from
Xenopus leavis if transplanted into enucleated eggs could devel-
op into normal and healthy tadpoles, demonstrating successful
nuclear reprogramming [3]. Later, one of the most important
advances in the field was the birth of the first cloned mammal,
Dolly the sheep, in 1998 [4]. In the last two decades, progress has
been made producing “clones” for reproductive purposes in sev-
eral species—cattle, goats, mice, and pigs [5—11] culminating
this period with the creation of the first cloned human embryo
in 2013 by the group of Mitalipov [12]. Nevertheless, mouse
ESCs generated by SCNT (ESCs-SCNT) retain the mitochondria
from the recipient oocyte, which induces alloimmunity after
transplantation in mice genetically matched to the reprogrammed
nucleus [13].

Since iPSC technology was first applied in humans in 2007, it
has generated great expectations in the field, as this new type of
patient-specific cell shares with human ESCs (hESCs) the capac-
ity to indefinitely self-renew while preserving pluripotency-
related features. In the last 10 years, patient-specific iPSCs have
represented the Holy Grail for Regenerative Medicine applica-
tions, as well as for the fields of disease modeling and drug
discovery [14]. However, despite the overall general excitement
and push to move things forward quickly, the stem cell field has
also imposed high standards onto hiPSCs. Soon after their initial
discovery, their value as a faithful disease model and autologous
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Autologoustransplantation

In vitro applications
Drug screening
Disease modeling
Toxicology

source of safe cells has been intensely debated. Indeed, in most of
the cases the same scientists that made extensive progress in the
iPSC field have been the ones questioning their translation into
the clinic over the last 10 years. In this regard, genetic mutations
and chromosomal aberrations detected in iPSCs generated from
different cell sources and utilizing different methodologies have
raised concerns about their tumorigenic potential [15]. Likewise,
the detection of epigenetic aberrations have put into question the
differentiation potential of iPSCs and immune tolerance after
autologous transplantation [16]. Again, collaborative efforts have
demonstrated that these divergences were mostly due to technical
restrictions that have been elegantly solved over the years by
important advances in the stem cell field. In this regard, the stem
cell research community has produced safe methods for the gen-
eration and expansion of human pluripotent stem cells (hPSCs-
both iPSCs and hESCs). Overall, all these improvements reveal
the crescent awareness in translating hPSC applications into a
clinical setting.

In this review article, we evaluate the technical and practical
obstacles to the clinical translation of iPSCs. We will also com-
ment on preclinical features that should be addressed before iPSC
transplantation, such as inherent tumorigenic potential and prob-
lems arising from their differentiation into heterogeneous mature
adult types. In the last part, we will briefly cite further consider-
ations for their efficient clinical implementation, such as common
criteria to be used for autologous/allogenic iPSC transplantation.

Immune Response Evaluation in Autologous
iPSCs

Since their discovery, patient-specific iPSCs have been consid-
ered theoretically safe in the setting of autologous transplantation.
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These assumptions positioned iPSCs as the ideal source for trans-
plantation purposes, since patients would avoid live-long immu-
nosuppressive treatment for the prevention of allograft rejection
[17]. However, this affirmation became highly questioned when
Zhao and colleagues described that when transplanted in synge-
neic hosts, iPSCs, but not ESCs, could led to T cell infiltration,
tissue necrosis, and immunogenic teratomas [18]. Furthermore,
the immune rejection response observed by the authors was to-
tally T cell dependent, since it was blocked in Rag knock-out
recipients. Likewise, since only iPSC-derived teratomas
expressed a subset of residual antigens compared to ESCs, the
authors concluded that these findings were due to the incomplete
reprogramming of iPSCs [18]. These surprising findings opened
intense debate in the field, and several important journals
commented on the possible failure of translating iPSCs into the
clinic, lowering initial expectations. Again, and due to the impor-
tance of these results, other works tried to shed light on to the
Zhao observations. For example, Araki and colleagues [19]
bypassed the issue of incomplete differentiation by transplanting
in vivo-differentiated tissues from iPSC-chimeric mice into ge-
netically matched recipients. By this approach, the authors
showed that in their experimental setting iPSC transplantation
elicited limited immunogenicity, concluding that iPSC deriva-
tives do not cause an immune response [19]. Nevertheless, in
the same work, ectopically transplanted iPSC-derived
cardiomyocytes evoked a T cell immune response in syngenic
mice, but not when iPSCs were differentiated through in vivo
chimera formation [19].

From the very first moment after their discovery, patient-iPSC
derivatives have been considered the main cell source for autol-
ogous cell replacement therapies in front of other pluripotent
sources (hESCs derived by SCNT, parthenogenetic hESCs
among others). In this regard, common efforts have been
employed towards evaluating the immunogenicity of in vitro
1PSC-derived cells. Towards this end, Guha and collaborators
[20] recently differentiated syngeneic iPSCs into embryoid bod-
ies or representative cell types from each of the three embryonic
germ layers (endothelial cells, hepatocytes, and neuronal cells)
and transplanted them into the subcapsular renal space of
syngenic recipients [20]. In their experimental setting, the authors
did not observe an immune response and concluded that autolo-
gous iPSC derivatives do not elicit an immunogenic response
[20]. Although these findings arrived during a very controversial
time in the iPSC field, the scientific community still continued
posing questions about iPSCs immunogenicity. Moreover, these
observations contradicted previous work from Araki and col-
leagues, and most importantly, did not reflect a true therapeutic
scenario, in where functional iPSC derivatives would be injected
at the site of interest [ 17]. In this regard, other studies have further
investigated, side-by-side, the immune response of parental
iPSCs versus iPSC-derived counterparts and endogenous isolat-
ed endothelial cells when transplanted in isogenic hosts [21].
Interestingly, the pioneering work by de Almeida and colleagues
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revealed that none of the differentiated cell types used in their
study provoked an immune response [21]. The most important
finding of this study was that T cells attracted to either iPSC-
derived endothelial cells or in vivo derived controls were indis-
tinguishable from each other, but distinct from T cell clones
which infiltrate iPSC grafts, as demonstrated by single-cell
gPCR comparative analysis. Altogether, this work suggested that
the immune response to undifferentiated iPSCs is different from
their mature derivatives, and highlights the need to perform sim-
ilar comparative analyses in starting cell populations in order to
ascertain the extent to which the degree of differentiation corre-
lates with immune tolerance after transplantation [17]. In this
regard, Zhao and colleagues have recently shown that, taking
advantage of humanized mouse models, it is possible to test for
the immunogenicity of autologous cells derived from hiPSCs
[22]. Interestingly, this study showed that whereas autologous
hiPSC-derived-smooth muscle cells were highly immunogenic,
autologous hiPSC-derived retinal pigment epithelial (RPE) cells
were immune tolerated, regardless of the injection site [22].

Other works along this line have also proved the immuno-
genic potential of iPSCs in non-human primates where autol-
ogous iPSC-derived dopamine neurons implanted into the
brain showed lasting engraftment and tolerance in the absence
of immunosuppression for 2 years [23, 24], while in another
study, they were reported to provoke only a minimal immune
response compared with allogeneic cells [25].

Overall, these results highlight the necessity to define the
initial variations between undifferentiated iPSC clones that upon
differentiation may trigger different degrees of inflammation
when implanted into syngeneic recipient animals. Such alter-
ations may arise from disparities already found in the initial cells
to be reprogrammed, leading to incomplete reprogramming.
Similarly, epigenetic variations between the iPSC clones derived
from the same donor may also predispose them to differences in
differentiation outcomes. In this regard, further comparative anal-
yses from undifferentiated iPSC clones versus their derived
counterparts at different stages during the differentiation process,
would help to detect the amount of gene expression differences
that can be tolerated by the immune system after transplantation.
Likewise, the establishment of standardized protocols for iPSC
differentiation may take advantage of strategies aimed at identi-
fying and suppressing partially differentiated cells at the end of
the differentiation process. In this regard, the use of genome
editing technologies represent a powerful tool for the generation
of hPSC reporter cell lines where single or dual fluorescent re-
porters would help to select for desired or unwanted cell types
using fluorescence-activated cell sorting.

Considerations for iPSC Biobanking

Recent findings on the autoreactive immune response to iPSCs
or their mature derivatives would suggest a need for a degree of
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immunosuppression [26]. In this regard, it has been already
accepted that the generation of standardized stem cell banks
of iPSCs with genetically-defined MHC/human leucocyte anti-
gen (HLA) molecules may prove valuable. Importantly, the
generation of allogeneic iPSC banks could also significantly
reduce the cost for iPSC-based cell therapy [14]. Recently,
Nakatsuji and colleagues have presented a comprehensive
study for the estimation of the scale of iPSC banking required
to provide adequately matched iPSC lines in Japan. In their
study, the authors concluded, after screening a database of
24,000 people, that it would be possible to generate 50 homo-
zygous iPSC lines with a haplotype match for 90.7% of the
Japanese population at HLA-A, HLA-B, and HLA-DR loci
with two-digit specification [27]. These findings were con-
firmed in successive studies, which showed that 150 homozy-
gous cell lines could provide a haplotype match for 93% of the
population of the UK [28, 29+¢]. Other groups have shown that
generating a master cell bank for more diverse populations
would be more challenging. In this regard, using a probabilistic
model it has been recently estimated that 22,000 individuals of
European descent would have to be screened to generate 17
iPSC lines to offer a haplotype match to approximately 50%
of that patient population [30]. A screen of 10,000 random
individuals in the same North American population would offer
a haplotype match to 45% of Hispanics, 35% of Asian
Americans, and 22% of African Americans. Similarly, an
iPSC bank of the 100 most common HLA types population
wide would offer a haplotype match to 78% of individuals of
European origin, 63% of Asians, 52% of Hispanics, and 45% of
African Americans, suggesting that customized banking for
each ethnic group does not necessarily solve this problem.
Hence, an allogeneic cell bank in genetically homogenous
countries, like Japan or Iceland for example, could be a more
viable option, whereas a similar bank in the USA may be cost
prohibitive due to the genetic heterogeneity in the country.

Future Directions of Research

Currently, only a few clinical trials are in progress for hPSC
cell derivatives. Specifically, as revised recently [14], out of
the 13 ongoing clinical trials evaluating stem cell therapy
products, eight are for hESC- and one is for hiPSC-derived
RPE to treat macular degeneration. Indeed, in 2014, the first
clinical study using human iPSC-derived RPE was initiated,;
however, it was subsequently put on hold in March 2015,
owing to mutations observed in a second transplanted patient.
Interestingly, the first data published from this clinical trial a
few months ago also indicates no evidence of immune rejec-
tion 1 year after the transplantation of iPSC-derived RPE cell
sheets under the retina in the first patient [31e¢].

Recently, the use of allogeneic iPSCs for therapeutic applica-
tions has been proposed, especially for those conditions where

the cellular product may function in an immunoprotective envi-
ronment [14]. In this regard, the generation of allogenic iPSC
banks would reduce cost and regulatory barriers, two major road-
blocks when translating iPSC technology to the clinic. All these
improvements will soon benefit from the use of genome editing
tools for the generation of “universal” iPSCs with better tolerance
capacities upon transplantation [32¢¢]. The resolution of ongoing
clinical trials using human pluripotent stem cells over the next 2
to 3 years together with all these advances could finally result in
exciting new findings in the decades to come, and thus provide
fundamental knowledge on either autologous or allogenic iPSC
translation into a clinical setting.

Acknowledgements Authors gratefully acknowledge the help of M.
Schwarz and P. Schwarz for administrative help and logistic coordination.

Funding information This project has received funding from the
European Research Council (ERC) under the European Union’s
Horizon 2020 research and innovation programme (StG-2014-640525
REGMAMKID) to E.G and N.M. J.C.LB. is supported by the G. Harold
and Leila Y. Mathers Charitable Foundation, The Leona M. and Harry B.
Helmsley Charitable Trust (2012-PG-MED002), the Moxie Foundation,
the Universidad Catdlica San Antonio de Murcia (UCAM), and
Fundacion Dr. Pedro Guillén. N.M is also supported by CardioCel
(TerCel, Instituto de Salud Carlos III), MINECO (SAF2014-59778,
SAF2015-72617-EXP,RYC-2014-16242), 2014 SGR 1442 and
CERCA Programme / Generalitat de Catalunya.

Compliance with Ethical Standards

Conflict of Interest Juan Carlos Izpisua Belmonte, Sonia Sanchez, and
Jeronima Lajara declares no conflict of interest.

Nuria Montserrat reports grants from Institute for Bioengineering of
Catalonia (IBEC), during the conduct of the study.

Elena Garreta reports receiving grants during the course of the study,
but declares no conflict of interest.

Human and Animal Rights and Informed Consent This article does not
contain any studies with human or animal subjects performed by any of
the authors.

Open Access This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

Papers of particular interest, published recently, have been
highlighted as:
*« Of major importance

1. Thomson JA, Itskovitz-Eldor J, Shapiro SS, Waknitz MA,
Swiergiel JJ, Marshall VS, et al. Embryonic stem cell lines derived
from human blastocysts. Science. 1998;282(5391):1145-7. https://
doi.org/10.1126/science.282.5391.1145.

@ Springer

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Curr Transpl Rep (2018) 5:14-18

10.

12.

13.

14.

15.

17.

Takahashi K, Tanabe K, Ohnuki M, Narita M, Ichisaka T, Tomoda
K, et al. Induction of pluripotent stem cells from adult human fi-
broblasts by defined factors. Cell. 2007;131(5):861-72. https://doi.
org/10.1016/j.cell.2007.11.019.

Gurdon JB, Elsdale TR, Fischberg M. Sexually mature individuals
of Xenopus laevis from the transplantation of single somatic nuclei.
Nature. 1958;182(4627):64-5. https://doi.org/10.1038/182064a0.
Wilmut I, Beaujean N, de Sousa PA, Dinnyes A, King TJ, Paterson
LA, et al. Somatic cell nuclear transfer. Nature. 2002;419(6907):
583—6. https://doi.org/10.1038/nature01079.

Cibelli JB, Stice SL, Golueke PJ, Kane JJ, Jerry J, Blackwell C,
et al. Cloned transgenic calves produced from nonquiescent fetal
fibroblasts. Science. 1998;280(5367):1256-8. https://doi.org/10.
1126/science.280.5367.1256.

Baguisi A, Behboodi E, Melican DT, Pollock JS, Destrempes MM,
Cammuso C, et al. Production of goats by somatic cell nuclear
transfer. Nat Biotechnol. 1999;17(5):456—61. https://doi.org/10.
1038/8632.

Keefer CL, Baldassarre H, Keyston R, Wang B, Bhatia B, Bilodeau
AS, et al. Generation of dwarf goat (Capra hircus) clones following
nuclear transfer with transfected and nontransfected fetal fibroblasts
and in vitro-matured oocytes. Biol Reprod. 2001;64(3):849-56.
https://doi.org/10.1095/biolreprod64.3.849.

Wakayama T, Perry ACF, Zuccotti M, Johnson KR, Yanagimachi
R. Full-term development of mice from enucleated oocytes injected
with cumulus cell nuclei. Nature. 1998;394(6691):369-74. https:/
doi.org/10.1038/28615.

Betthauser J, Forsberg E, Augenstein M, Childs L, Eilertsen K,
Enos J, et al. Production of cloned pigs from in vitro systems. Nat
Biotechnol. 2000;18(10):1055-9. https://doi.org/10.1038/80242.
Polejaeva IA, Chen S-H, Vaught TD, Page RL, Mullins J, Ball S,
et al. Cloned pigs produced by nuclear transfer from adult somatic
cells. Nature. 2000;407(6800):86-90. https://doi.org/10.1038/
35024082.

De Sousa PA, Dobrinsky JR, Zhu J, Archibald AL, Ainslie A,
Bosma W, et al. Somatic cell nuclear transfer in the pig: control of
pronuclear formation and integration with improved methods for
activation and maintenance of pregnancy. Biol Reprod. 2002;66(3):
642-50. https://doi.org/10.1095/biolreprod66.3.642.

Tachibana M, Amato P, Sparman M, Gutierrez NM, Tippner-
Hedges R, Ma H, et al. Human embryonic stem cells derived by
somatic cell nuclear transfer. Cell. 2013;153(6):1228-38. https:/
doi.org/10.1016/j.cell.2013.05.006.

Deuse T, Wang D, Stubbendorff M, Itagaki R, Grabosch A, Greaves
LC, et al. SCNT-derived ESCs with mismatched mitochondria trig-
ger an immune response in allogeneic hosts. Cell Stem Cell.
2015;16(1):33-8. https://doi.org/10.1016/j.stem.2014.11.003.

Shi Y, Inoue H, Wu JC, Yamanaka S. Induced pluripotent stem cell
technology: a decade of progress. Nat Rev Drug Discov.
2017;16(2):115-30. https://doi.org/10.1038/nrd.2016.245.
Yamanaka S. Induced pluripotent stem cells: past, present, and fu-
ture. Cell Stem Cell. 2012;10(6):678-84. https://doi.org/10.1016/j.
stem.2012.05.005.

Okita K. iPS cells for transplantation. Curr Opin Organ Transplant.
2011;16(1):96-100. https://doi.org/10.1097/MOT.
0b013e32834252a2.

Tapia N, Scholer HR. Molecular obstacles to clinical translation of
iPSCs. Cell Stem Cell. 2016;19(3):298-309. https://doi.org/10.
1016/j.stem.2016.06.017.

Zhao T, Zhang ZN, Rong Z, Xu Y. Immunogenicity of induced
pluripotent stem cells. Nature. 2011;474(7350):212-5. https://doi.
org/10.1038/nature10135.

Araki R, Uda M, Hoki Y, Sunayama M, Nakamura M, Ando S,
et al. Negligible immunogenicity of terminally differentiated cells

@ Springer

20.

21.

22.

23.

24.

25.

26.

27.

28.

29,00

30.

31.ee

3200

derived from induced pluripotent or embryonic stem cells. Nature.
2013;494(7435):100-4. https://doi.org/10.1038/nature11807.
Guha P, Morgan JW, Mostoslavsky G, Rodrigues NP, Boyd AS.
Lack of immune response to differentiated cells derived from syn-
geneic induced pluripotent stem cells. Cell Stem Cell. 2013;12(4):
407-12. https://doi.org/10.1016/j.stem.2013.01.006.

de Almeida PE, Meyer EH, Kooreman NG, Diecke S, Dey D,
Sanchez-Freire V, et al. Transplanted terminally differentiated in-
duced pluripotent stem cells are accepted by immune mechanisms
similar to self-tolerance. Nat Commun. 2014;5:3903. https://doi.
org/10.1038/ncomms4903.

Zhao T, Zhang Z, Westenskow PD, Todorova D, Hu Z, Lin T, et al.
Humanized mice reveal differential immunogenicity of cells de-
rived from autologous induced pluripotent stem cells. Cell Stem
Cell. 2015;17(3):353-9. https://doi.org/10.1016/j.stem.2015.07.
021.

Emborg ME, Liu Y, Xi J, Zhang X, Yin Y, Lu J, et al. Induced
pluripotent stem cell-derived neural cells survive and mature in
the nonhuman primate brain. Cell Rep. 2013;3(3):646-50. https://
doi.org/10.1016/j.celrep.2013.02.016.

Hallett PJ, Deleidi M, Astradsson A, Smith GA, Cooper O, Osborn
TM, et al. Successful function of autologous iPSC-derived dopa-
mine neurons following transplantation in a non-human primate
model of Parkinson’s disease. Cell Stem Cell. 2015;16(3):269-74.
https://doi.org/10.1016/j.stem.2015.01.018.

Morizane A, Doi D, Kikuchi T, Okita K, Hotta A, Kawasaki T, et al.
Direct comparison of autologous and allogeneic transplantation of
IPSC-derived neural cells in the brain of a nonhuman primate. Stem
Cell Reports. 2013;1(4):283-92. https://doi.org/10.1016/j.stemcr.
2013.08.007.

Wood KJ, Issa F, Hester J. Understanding stem cell immunogenic-
ity in therapeutic applications. Trends Immunol. 2016;37(1):5-16.
https://doi.org/10.1016/j.it.2015.11.005.

Tokunaga K, Nakatsuji N, Nakajima F. HLA-haplotype banking
and iPS cells. Nat Biotechnol. 2008;26(7):739—40. https://doi.org/
10.1038/nbt0708-739.

Taylor CJ, Bolton EM, Pocock S, Sharples LD, Pedersen RA,
Bradley JA. Banking on human embryonic stem cells: estimating
the number of donor cell lines needed for HLA matching. Lancet.
2005;366(9502):2019-25. https://doi.org/10.1016/S0140-6736(05)
67813-0.

Taylor CJ, Peacock S, Chaudhry AN, Bradley JA, Bolton EM.
Generating an iPSC bank for HLA-matched tissue transplantation
based on known donor and recipient hla types. Cell Stem Cell.
2012;11(2):147-52. https://doi.org/10.1016/j.stem.2012.07.014.
This study estimates the number of selected homozygous
HLA-typed specimens to match UK population.

Gourraud P-A, Gilson L, Girard M, Peschanski M. The role of
human leukocyte antigen matching in the development of multieth-
nic “haplobank” of induced pluripotent stem cell lines. Stem Cells.
2012;30(2):180-6. https://doi.org/10.1002/stem.772.

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.
https://doi.org/10.1056/NEJMoal608368. This study details the
results from the first clinical trial using iPSCS derived retinal
epithelial cells treating macular degeneration.

Kimbrel EA, Lanza R. Pluripotent stem cells: the last 10 years.
Regen Med. 2016;11(8):831-47. https://doi.org/10.2217/rme-
2016-0117. This review provides a comprehensive view about
the uses and applications of pluripotent stem cells in
regenerative medicine during the last ten years of research.

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Terms and Conditions

Springer Nature journal content, brought to you courtesy of Springer Nature Customer Service Center GmbH (“Springer Nature™).

Springer Nature supports a reasonable amount of sharing of research papers by authors, subscribers and authorised users (“Users”), for small-
scale personal, non-commercial use provided that all copyright, trade and service marks and other proprietary notices are maintained. By
accessing, sharing, receiving or otherwise using the Springer Nature journal content you agree to these terms of use (“Terms”). For these
purposes, Springer Nature considers academic use (by researchers and students) to be non-commercial.

These Terms are supplementary and will apply in addition to any applicable website terms and conditions, a relevant site licence or a personal
subscription. These Terms will prevail over any conflict or ambiguity with regards to the relevant terms, a site licence or a personal subscription
(to the extent of the conflict or ambiguity only). For Creative Commons-licensed articles, the terms of the Creative Commons license used will
apply.

We collect and use personal data to provide access to the Springer Nature journal content. We may also use these personal data internally within
ResearchGate and Springer Nature and as agreed share it, in an anonymised way, for purposes of tracking, analysis and reporting. We will not
otherwise disclose your personal data outside the ResearchGate or the Springer Nature group of companies unless we have your permission as
detailed in the Privacy Policy.

While Users may use the Springer Nature journal content for small scale, personal non-commercial use, it is important to note that Users may
not:

1. use such content for the purpose of providing other users with access on a regular or large scale basis or as a means to circumvent access
control;

2. use such content where to do so would be considered a criminal or statutory offence in any jurisdiction, or gives rise to civil liability, or is
otherwise unlawful;

3. falsely or misleadingly imply or suggest endorsement, approval , sponsorship, or association unless explicitly agreed to by Springer Nature in
writing;

4. use bots or other automated methods to access the content or redirect messages

5. override any security feature or exclusionary protocol; or

6. share the content in order to create substitute for Springer Nature products or services or a systematic database of Springer Nature journal
content.

In line with the restriction against commercial use, Springer Nature does not permit the creation of a product or service that creates revenue,
royalties, rent or income from our content or its inclusion as part of a paid for service or for other commercial gain. Springer Nature journal
content cannot be used for inter-library loans and librarians may not upload Springer Nature journal content on a large scale into their, or any
other, institutional repository.

These terms of use are reviewed regularly and may be amended at any time. Springer Nature is not obligated to publish any information or
content on this website and may remove it or features or functionality at our sole discretion, at any time with or without notice. Springer Nature
may revoke this licence to you at any time and remove access to any copies of the Springer Nature journal content which have been saved.

To the fullest extent permitted by law, Springer Nature makes no warranties, representations or guarantees to Users, either express or implied
with respect to the Springer nature journal content and all parties disclaim and waive any implied warranties or warranties imposed by law,
including merchantability or fitness for any particular purpose.

Please note that these rights do not automatically extend to content, data or other material published by Springer Nature that may be licensed
from third parties.

If you would like to use or distribute our Springer Nature journal content to a wider audience or on a regular basis or in any other manner not
expressly permitted by these Terms, please contact Springer Nature at

onlineservice(@springernature.com



mailto:onlineservice@springernature.com

