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1. Introduction

A rare disease is defined by the World Health 
Organization (WHO) as a disease with a prevalence of 
less than 0.65‰-1‰, but it is seriously debilitating even 
life-threatening (1). Because of its large population, 
China has the largest rare disease population in terms of 
prevalence. However, the causes of rare diseases have 

yet to be identified and they are difficult to manage 
since there are currently no curative or disease-modified 
treatments available (2). More than 80% of intractable 
and rare diseases involve a genetic cause (3). Thus, 
disease models are indispensable tools for studying 
molecular mechanisms of rare diseases and developing 
therapeutic approaches. Such models would need to 
recreate the phenotypic and pathological variants of the 
disease in vitro.
 Human embryonic  s tem ce l l s  (ESCs)  can 
differentiate into all somatic cells and they can be 
grown indefinitely in culture. This is why human ESC 
technology has garnered worldwide attention for its 
therapeutic applications in vivo (4). However, human 
ESC treatment is plagued by immune rejection and 
ethical concerns. Prior to 2006, Japanese researchers 
induced four transcription factors (OCT3/4, SOX2, 
c-MYC ,  and KLF4) in murine fibroblasts with 
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retroviruses and they generated the first induced 
pluripotent stem cells (iPSCs) (5). Human iPSCs 
are highly similar to ESCs: they display ESC-like 
morphology, they express pluripotency markers, the 
share a similar level of gene expression and epigenetic 
states (6,7), and they possess the capacity to develop 
into three germ layers in vitro and in vivo (8). Given 
these facts, iPSCs could provide a valuable model to 
study germ cell determination in vitro, but they could 
also serve as a promising way to differentiate stem cells 
into diseased cells in order to model disease, screen 
drugs, and examine the effects of cell therapy. Several 
groups of researchers have indicated that iPSCs might 
be derived from urine samples (9,10). Compared to 
the procedures used to obtain other donor cells, urine 
collection is safe, affordable, ubiquitous, and readily 
accepted by patients. This article aims to present the 
benefits of iPSCs derived from urine for the study 
of rare diseases, and this article also highlights the 
applications of rare disease models.

2. Urine as an efficient source of cells for generation 
of iPSCs

Human iPSCs can be generated from a large variety of 
donor sources (Table1). However, the ideal cell source 
would be obtained non-invasively, simple and cost-
effective to obtain, and obtained universally (from 
patients of any age, sex, ethnic group, or body type) 
(28). The first successful culture of urinary tract cells 

occurred in 1972 (29), and that feat was repeated by 
many researchers (30-37). Zhou et al. generated iPSCs 
from urine-derived cells (9). Here, urine-derived 
cells will be referred to simply as urine cells. UiPSCs 
are advantageous in many ways. First, UiPSCs can 
be generated at a low cost. Urine is merely a body 
waste, so the only cost is the culture medium. Second, 
obtaining cell samples from patients, and especially 
young children with rare diseases, is difficult, but this 
can be avoided by repeated urine collections without 
medical assistance. Third, UiPSCs may have fewer 
genetic alterations than iPSCs from the skin due to 
less direct exposure to radiation (38,39). Moreover, 
UiPSCs have a high level of reprogramming efficiency, 
between 0.1% and 4% in general (40). This is because 
most urinary cells of an epithelial origin do not require 
mesenchymal-to-epithelial transition (MET) during 
reprogramming, unlike fibroblasts.
 Different types of somatic cells are used to generate 
iPSCs, and different reprogramming techniques with 
varying levels of efficiency are used to reprogram cells 
with different origins (41). Avoiding viral integration 
and accomplishing safe and efficient reprogramming 
is the main goal. iPSCs can be generated without viral 
integration for basic applications (Table 2). Taking 
safety and workload into account, Xue et al. described 
a useful method of generating 93 iPS cell lines from 
20 individuals with various backgrounds; their method 
reprogrammed human urine-derived cells without using 
a virus, serum, feeder, or oncogene c-MYC (56). This 
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Table 1. Human iPSCs can be generated from different donor sources

Donor sources

Fibroblasts
Keratinocytes
Melanoma cells
Adipose stem cells
Cord blood
Peripheral blood
Neural cells
Astrocytes
Hepatocytes
Amniocytes

Cell types

Facial dermal fibroblasts, periodontal ligament fibroblasts, and gingival fibroblasts
Keratin-dense epithelial cells
Skin melanocytes
White preadipocytes and adipose-derived mesenchymal stem cells
Cord blood-derived stem cells and endothelial cells
Mononuclear, T- , and myeloid cells
Neural stem cells
Human astrocytes
Primary human hepatocytes
Human amniotic fluid-derived cells 

Obtained process

Invasive (biopsy)
Not strictly noninvasive
Invasive (skin punch biopsies)
Invasive (liposuction)
Noninvasive
Minimal invasion (venipuncture)
Invasive
Invasive
Invasive
Invasive (amniocentesis)

Ref.

(11,12)
(13)
(14)
(15-17)
(18,19)
(20-22)
(23)
(24)
(25)
(26,27)

*Abbreviations represent a combination of reprogramming factors: K, KLF4; L, LIN28; M, c-MYC; N, NANOG; O, OCT4; S, SOX2; VPA, 
valproic acid.

Table 2. Human iPSCs can be induced without viral integration

Integration-free methods

Sendai viruses
Adenoviruses
Plasmids
Episomes
Transposons
Proteins
Chemicals or small Molecules
mRNA
MicroRNA

Cell types

Fibroblasts
Fibroblasts and liver cells
Fibroblasts
Fibroblasts
Fibroblasts
Fibroblasts
Umbilical vein endothelial cells
Fibroblasts
Adipose stromal cells and dermal fibroblasts

Efficiency (%)

~ 1
~ 0.001
~ 0.001
~ 0.1
~ 0.1
~ 0.001
~ 0.01
~ 1-4.4
~ 0.1

Ref.

(42)
(43)
(44,45)
(46)
(47)
(48,49)
(50-53)
(54)
(55)

Reprogramming factors*

OSKM
OSKM
OSNL
OSNL
OSKM
OS
OCT4 + small molecules
OSKM or OSKML + VPA
miR-200c, miR-302s or miR-369s
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could be used to recreate a phenocopy of the disease in 
vitro so that the cell type could be identified as where 
the disease originates. Investigating a rare disorder 
presents many challenges, but UiPSCs represent a world 
of potential applications ‒ for recreating the phenotypic 
and pathological variants and also for identifying drug 
candidates and transplanting autologous cells into 
patients. Two studies have posited that new treatments 
for rare diseases can be developed in the future using 
UiPSCs-based models with integration-free episomal 
vectors (61,64).
 The first study derived iPSCs from patients with 
hemophilia A (HA), which is a rare bleeding disorder 
with a prevalence of 1‰-2‰ caused by clotting factor 
VIII (FVIII) mutations resulting in deficient production 
of FVIII protein (68,69). HA-iPSCs are generated 
from patients' urine cells using an integration-
free transfection technique (46,70). Differentiated 
hepatocyte-like cells derived from HA-iPSCs (HA-
iPSC-Hep) display the phenotype of the defective 
FVIII found in selected patients. At the genetic level, 
HA-iPSC-Hep carry the mRNA of the defective FVIII 
gene. FVIII protein is absent on a protein level as well. 
Furthermore, FVIII activity in the culture supernatant is 
much lower than that in the reference group. Therefore, 
this new model is remarkable for two main reasons. 
Previous researchers investigated the mechanisms 
underlying HA in animal models. However, different 
species have differing physiologies, which may partly 
explain why many novel drugs are not effective in 
patients when tested in clinical trials (71). Models like 
HA-iPSC-Hep will help to explain the pathogenesis 
of disease and facilitate the development of new 
therapeutics. In patients with a bleeding disorder, an 
invasive procedure can be life-threatening, so an easily 
accessible source of donor cells must be obtained in 
a completely non-invasive manner. Urine cells can 
be obtained non-invasively and safely, so those cells 
are a useful source of iPSCs. A novel model using 
integration-free episomal vectors could be used in cell 
therapy along with gene editing.
 The second study generated iPSCs from patients 
with fibrodysplasia ossificans progressiva (FOP). 
FOP is caused by a recurrent heterozygous missense 
mutation in activin receptor-like kinase 2 (ACVR1/
ALK2) (72). FOP is a rare genetic disease characterized 
by congenital malformation of the halluces and by 
progressive heterotopic ossification (HO), and FOP is 
the most catastrophic disorder of HO in humans (73). 
Endothelial cells (ECs) and pericytes derived from 
FOP iPSCs can recreate some aspects of the disease 
phenotype in vitro. Researchers found that ECs were 
not readily generated from FOP iPSCs and had limited 
proliferation, which may be related to the crosstalk 
between bone morphogenetic protein (BMP) signaling 
and vascular endothelial growth factor (VEGF) 
signaling. This issue needs to be further explored. 

non-viral iPSC bank with genetic information from 
different individuals revealed that UiPSCs could serve 
as a powerful in vitro model for the study of the disease. 
As their research continued, they found that different 
batches of cells derived from the same person's urine 
had dramatically different levels of reprogramming 
efficiency. In addition, half of the cells isolated from 
urine proliferated only to a limited extent, posing a 
major hurdle to the generation of iPSCs. Thus, Xue et 
al. developed three methods of reprogramming urine 
cells with diverse properties through the use of small 
molecules and autologous urine cells as feeders. iPSCs 
can be generated from almost any batch of cells isolated 
from urine, resulting in further advances in the banking 
of patient-specific iPSCs (57).

3. Modeling rare diseases using UiPSCs

Patient-specific iPSCs can differentiate into large 
numbers of affected cell types with the same genetic 
background as the patient since they are immortal 
and pluripotent (58). Using these cells to construct 
rare disease models will prove highly useful in the 
discovery of effective and safe drugs and in the study of 
cell replacement therapies. Many groups of researchers 
have successfully generated patient-specific UiPSCs. 
These cells are derived from patients with conditions 
such as renal disease (59), pediatric disease (60), a 
bleeding disorder (61), neurological disease (62), and 
a bone disorder (63,64). Obtaining these cells is the 
critical first step to elucidating the mechanisms that 
underlie the pathology of those diseases.
 As UiPSC generation has become more efficient, 
many patient-specific UiPSCs have been successfully 
generated. Cryptorchidism is the most frequent 
congenital anomaly in human males. Cryptorchidism 
involves multiple causes, such as genetic mutations 
and environmental factors (65,66). Researchers have 
established cryptorchid-specific iPSC lines with 
genetic variations and they have found that urine cells 
may represent a better source for generation of iPSCs, 
especially in the study of pediatric diseases (60). Most 
patients with complex disorders are treated with various 
medications over a prolonged period, which may 
have an impact on donor cell propagation and nuclear 
reprogramming. Expansion of fibroblasts from patients 
with end-stage renal disease was problematic since cell 
division stopped after several passages (67). In contrast, 
use of immunosuppressive drugs has little effect on 
urine cell propagation and generation of iPSCs. Thus, 
urine-derived cells appeared to be a valuable donor 
source for patients with systemic lupus erythematosus 
(SLE) (59). Whether these drugs substantially impact 
the generation of iPSCs needs to be explored further 
under different conditions.
 Although cells of multiple origins may be involved 
in the pathogenesis of rare diseases, specific cell types 



www.irdrjournal.com

Intractable & Rare Diseases Research. 2016; 5(3):192-201.195

Researchers have also found that FOP iPSC-pericytes 
are prone to mineralization. Moreover, use of ALK2 
inhibitor led to a reduction in alkaline phosphatase 
(ALP) activity. Models such as FOP iPSCs provide a 
useful tool to determine the underlying mechanisms 
of endothelial-mesenchymal transition (EndMT), to 
explore the bioactivity of ALK2 inhibitors, and to 
screen drugs (64). 
 The variability between iPSC clones and the 
intrinsic epigenetic features of donor cells may have 
an impact on the properties of iPSCs. Reliable control 
iPSC clones could be generated via gene editing 
to eliminate any potential confounding effects of 
variations in genetic background. In other words, 
isogenic iPSCs may differ only at specific loci while all 
other locations remain identical (74,75).

4. Applications of iPSC-based models

These two models described indicate that UiPSCs 
have opened new avenues for modeling rare disorders 
and they offer proof of principle for basic biological 
research in the short term. In the long term, the clinical 
use of UiPSCs in drug discovery and cell replacement 
therapies will also receive a great deal of attention. 
With reliable disease models, researchers will be able to 
dissect the pathophysiological basis of rare diseases and 
screen drugs in affected cell types. Furthermore, these 
models will advance the field a step closer to patient-
matched cells or tissues for clinical transplantation, 
which may represent the ultimate goal of stem cell 
therapy.

4.1. Disease pathogenesis and drug discovery

Many rare human diseases are still poorly understood, 
with a complicated pathogenesis and multiple 
causes. Patient-specific iPSC models can recreate the 
phenotypic and pathological variants of the disease in 
vitro and can then be used to identify drugs to rescue 
these phenotypes. Thus, disease models offer an 
unprecedented opportunity to understand underlying 
mechanisms of disease and to develop therapeutic 
candidates. 
 Some genetic mutations underlying human 
diseases may affect the generation of patient-specific 
iPSCs or the maintenance of their pluripotent state 
(76,77). Nonetheless, iPSCs provide a unique human 
system for understanding molecular mechanisms of 
reprogramming and pathogenesis and can thus be used 
to develop effective drugs. Researchers have recently 
identified two molecular mechanisms responsible for 
inhibition of the generation of FOP-iPSCs from patient 
fibroblasts: incomplete reprogramming of pluripotent 
and fibroblastic genes and the forced differentiation 
of cells during and after reprogramming (78). This 
inhibition was due to the constitutive activation of ALK2 

and was mostly overcome by specific suppression of 
ALK2 expression. While screening a library of chemical 
substances, the researchers identified a new ALK2 
inhibitor candidate to restore generation of FOP-iPSCs. 
As mentioned earlier, ALP activity was reduced by use 
of an ALK inhibitor, and this may represent a potential 
treatment for FOP. Two mechanisms were involved 
in the pathology of FOP: ligand-independent BMP 
signaling and ligand-dependent hyper-responsiveness 
to BMP stimulation. A landmark study by Toguchida's 
research group generated induced mesenchymal stromal 
cells (iMSCs) from FOP-iPSCs that, when implanted 
into immunodeficient mice with Activin-A-expressing 
cells, induced bone and cartilage formation in vivo 
(79). In vitro treatment with TGF-β and BMP inhibitors 
eliminated increased chondrogenesis in FOP-iMSCs. 
In addition to the two molecular mechanisms that were 
involved in the pathology of FOP, Toguchida's research 
group identified a novel third mechanism: Activin-A 
activates TGF-β and aberrant BMP signaling that results 
in increased chondrogenesis in FOP-iMSCs. Based on 
the role and mechanism of action of Activin-A in HO, 
Activin-A triggers increased chondrogenesis in FOP-
iMSCs, but this action can be inhibited by several 
Activin-A inhibitors. Therefore, Activin-A inhibitors 
could be a novel therapy for patients with FOP.
 Taken together, these findings provide proof of the 
principle that new effective treatments for FOP can 
be discovered. In addition, iPSC-based models can 
be useful in identifying novel drug compounds and in 
testing drug toxicity and responsiveness (80).

4.2. Cell therapy 

With the recent development of gene editing tools, the 
idea of patient-personalized therapies and replacement 
of diseased or damaged organ tissues has come closer 
to becoming a clinical reality. In the two models 
mentioned thus far, iPSCs were generated from urine 
cells using interation-free episomal vectors, so the two 
models could be used in cell therapy in combination 
with gene editing. A mutation causing a disease could 
be corrected in patient-specific iPSCs. 
 Approximately half of the severe cases of HA 
are caused by chromosomal inversions in the portion 
of the FVIII gene. Given this fact, Park et al. used a 
transcription activator-like effector nuclease (TALEN) 
to revert the inverted 140-kbp segment in an iPSC-
based model of hemophilia (81). Endothelial cells 
derived from FVIII-corrected iPSCs produced FVIII 
protein in vitro. Interestingly, the iPSC-based model of 
hemophilia was created using the same TALEN pair that 
induced chromosomal inversions affecting the FVIII 
gene in wild-type iPSCs. This approach could be used 
in autologous stem cell therapy and to provide a method 
of disease modeling. However, the challenge is to invert 
a much larger region that is eight times more prevalent 
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than aforementioned 140-kbp inversion. Park et al. 
successfully used the clustered regularly interspaced 
short palindromic repeat (CRISPR)/CRISPR-associated 
(Cas) system to correct these regions in patient-specific 
iPSCs (82). Combining these gene editing tools with 
iPSC technology would provide a source of endothelial 
progenitor cells for transplantation therapies.
 A recent study suggested that a one-step procedure 
can generate gene-corrected ALK2-iPSCs, and the 
advantages of this approach are that it saves time, 
labor, and money (83). Activated BMP signaling 
by an FOP R206H mutation adversely affects the 
generation of FOP iPSCs since BMPs can induce 
differentiation of human ESCs (84). Previous studies 
indicated that iPSCs from FOP-derived skin fibroblasts 
were generated inefficiently and were also unable to 
maintain their pluripotent state (85). Therefore, a one-
step strategy to concurrently perform reprogramming 
and gene correction in the CRISPR/Cas9 system 
would circumvent the iPSC stage. Matsumoto et al. 
successfully established gene-corrected FOP-iPSCs 
through the use of bacterial artificial chromosome 
(BAC)-based homologous recombination (86).
 Chronic granulomatous disease (CGD) is a rare 
genetic disease with a single point mutation (T > G) 
at the end of intron 1 of CYBB in most patients (87). 
iPSCs were generated from a patient with mutant 
CYBB, and the mutations were corrected using a 
CRISPR-Cas9 site-specific nuclease system (88). 
Phagocytes derived from these CYBB-corrected iPSCs 
restored the oxidative burst. 
 Thus, a combination of iPSC technology and gene 
editing could provide an autologous source of corrected 
iPSC-derived cells for transplantation therapies. 
Natronobacterium gregoryi Argonaute (NgAgo) is the 
newest tool with which to edit the genes of human cells 
(89). No studies have used this tool to model disease 
in iPSCs thus far, but it has potential advantages 
over Cas9 such as lower off-targeting levels. Further 
research is needed to prove that NgAgo can be used 
effectively with iPSC technology in cell replacement 
therapy and to expand the clinical use of UiPSCs to 
model rare diseases.

5. Advantages of and barriers to the study of rare 
diseases using UiPSCs

Urine is merely a body waste, but it can reproducibly 
be used as an efficient source of cells with which to 
generate human iPSCs. A point worth noting is that the 
isolation of urine cells is completely non-invasive and 
is readily accepted by patients, and especially young 
children. In addition, researchers have used a non-
viral episome system to compare the reprogramming 
efficiency of fibroblasts and epithelial cells from 
foreskin and urine. iPSCs derived from urine were 
generated with an efficiency of approximately 1.5%, 

which is two orders of magnitude higher than the 
efficiency with which fibroblasts were generated 
(0.01%) (90). This significant difference may be due 
to the fact that epithelial cells do not have to undergo 
the MET that fibroblasts must undergo. Nonetheless, 
researchers have contended that human iPSCs may 
have remnants of epigenetic memory of donor origin, 
resulting in biased differentiation towards lineages 
related to the donor cell type (91,92). iPSCs derived 
from fibroblasts favor differentiation towards the 
mesodermal lineage, but an interesting fact is that such 
a tendency has not been found in UiPSCs. 
 Rare diseases can profoundly affect humans, so 
the study of those diseases has garnered worldwide 
attention. Nonetheless, the causes of those diseases 
are difficult to determine and those diseases are 
difficult to diagnose and treatment. The presence of 
additional complications also increases the difficulty 
of their treatment. Therefore, a human model of these 
complex and varying conditions may serve as a useful 
platform for understanding disease pathogenesis and for 
developing new therapeutics. Because iPSCs resemble 
ESCs in terms of pluripotency and the potential for 
self-renewal, patient-specific iPSCs could represent 
a promising strategy for investigating the molecular 
mechanisms of disease and discovery of drugs to 
treat them (93,94). Recent studies have reported that 
generating UiPSCs from patients with rare diseases 
would provide insight into the mechanisms of those 
diseases (59-64). The availability of limitless amounts 
of diseased cells from patients with a rare disease 
could, along with gene editing, prove useful in clinical 
practice (Figure 1). These cells represent a potential 
boon to regenerative medicine: cells from a patient's 
urine sample can be reprogrammed into iPSCs and 
then differentiated into diseased cells or tissues needed 
to treat the disease. This customized therapy would 
overcome the hurdles ‒ immune rejection and ethical 
concerns ‒ faced by cells derived from embryos. 
Researchers have indicated that UiPSCs can be used 
for further regenerative therapies. Urine cells have been 
used to generate iPSCs in a non-viral episome system 
and those iPSCs have been differentiated into epithelial 
sheets. Those sheets developed into ameloblasts in a 
tooth-like structure with a success rate of up to 30% 
(95). Moreover, this approach demonstrated that human 
UiPSCs could be an ideal source for the regeneration of 
patient-specific teeth. 
 Clinical studies of rare diseases face severe 
challenges since patients are often geographically 
dispersed or are not readily available. One solution 
to this problem is to use gene editing to introduce 
mutations associated with a disease into iPSCs from 
healthy donors. A recent study efficiently introduced 
specific point mutations with CRISPR/Cas9 and it 
edited just one copy of a gene, rather than both copies 
(96). Another crucial point in disease modeling is what 
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to use as a control. In many cases, researchers compare 
a patient's iPSCs with those from a healthy individual. 
However, the cells behave too differently in culture 
because of differences in the genomic background or 
gene expression. Researchers have turned to a refined 
method of gene editing ‒ gene targeting ‒ to produce 
genetically-matched controls.
 There are several issues that need to be addressed 
in more detail before UiPSCs can be successfully used 
in clinical practice, but the creation of faithful disease 
models will aid in further clinical use of UiPSCs. The 
generation of UiPSCs is universal except in some 
rare cases, such as renal failure or cancer requiring a 
cystectomy (40). Some genetic mutations underlying 
human diseases could affect the generation of patient-
specific iPSCs or the maintenance their pluripotent 
state. Further study is needed to determine what effect 
these mutations have. In addition, several iPSC clones 
generated from the same patient's cells should be 
assessed for consistent functional readout in order to 
minimize the risk of acquired genetic (or epigenetic) 
abnormalities. Moreover, differentiation protocols 
are inefficient and produce only impaired and/or 
heterogeneous cell populations in many cases. The 
challenge is to obtain mature cell types. Furthermore, 
a wide range of growth factors and specific culture 
conditions need to be used to differentiate iPSCs. 
Clinical trials must first thoroughly assess whether 

the use of different molecules is safe (97). Given that 
undifferentiated iPSCs can cause teratomas in vivo, 
the crucial step is to remove residual undifferentiated 
cells before transplantation. Therefore, researchers 
are now working to ensure the identity and safety of 
cell lines in terms of genomic variability, patterns of 
gene expression, and the aspects mentioned earlier. 
One way to resolve these issues is to devise a set 
of clinical-grade practices of quality control for the 
banking of allogeneic iPSCs. These practices would 
ensure that donor cells in large-scale collections are 
immunologically compatible and they would provide a 
foundation for the treatment of rare diseases. Banking 
of iPSCs would have numerous advantages for patients, 
no matter when or where those cells are needed.

6. Conclusion

In summary, the use of patient-specific UiPSCs offers a 
novel strategy for modeling disease, and this approach 
has already demonstrated its potential to provide a 
better understanding of the molecular mechanisms of 
disease. Some exemplary applications mentioned here 
can be expanded to study countless other rare diseases 
using UiPSCs. As generation of patient-specific UiPSCs 
becomes more routine and more scalable, the models 
they allow will serve as a useful tool to determine the 
mechanisms of disease, to identify drug candidates, 

Figure 1. Creation of models and applications of UiPSCs in the study of rare diseases. A diagram showing the creation 
of models of specific rare diseases using UiPSCs and their applications. Cells are isolated from patient urine samples and 
reprogrammed into iPSCs. Isogenic controls are created with gene-editing tools and then differentiated into diseased cells that can 
recreate crucial aspects of the disease in vitro. Patient-specific disease models can be used to identify new diagnostic biomarkers and 
to screen effective and novel drugs as well as to replace cells or tissues in regenerative medicine.



www.irdrjournal.com

Intractable & Rare Diseases Research. 2016; 5(3):192-201. 198

and to develop personalized regenerative medicine. 
Further study is needed to develop therapeutic 
applications of UiPSC technology for treatment of rare 
diseases. Further technical improvements, particularly 
in generation and differentiation of patient-specific 
UiPSCs and increased banking of allogeneic iPSCs, will 
further advance the field. That said, extreme caution is 
required when considering use of UiPSC technology 
in clinical practice. Many challenges still need to be 
overcome and a great deal more knowledge is needed 
before UiPSC technology can become a routine clinical 
approach to the treatment of rare diseases.
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