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Abstract

Induced pluripotent stem (iPS) cells can differentiate into nearly all types of cells. In contrast to embryonic stem cells, iPS
cells are not subject to immune rejection because they are derived from a patient’s own cells without ethical concerns. These
cells can be used in regenerative medical techniques, stem cell therapy, disease modelling and drug discovery investigations.
However, this application faces many challenges, such as low efficiency, slow generation time, partially reprogrammed
colonies and tumourigenicity. Numerous techniques have been formulated in the past decade to improve reprogramming
efficiency and safety, including the use of different transcription factors, small molecule compounds and non-coding RNAs.
Recently, microRNAs (miRNAs) were found to promote the generation and differentiation of iPS cells. The miRNAs can
more effectively and safely generate iPS cells than transcription factors. This process ultimately leads to the development of
iPSC-based therapeutics for future clinical applications. In this comprehensive review, we summarise advances in research
and the application of iPS cells, as well as recent progress in the use of miRNAs for iPS cell generation and differentiation.

We examine possible clinical applications, especially in cardiology.
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Introduction

The spectrum of diseases worldwide is mainly composed of
non-communicable diseases (NCDs), which account for 68%
of global deaths in 2012. Cardiovascular diseases (CVD) are
thought to be the most common cause of death worldwide
in 2013, during which approximately 17.3 million (32%) of
54 million total deaths were related to CVDs. In 2013, an
estimated 8.56 million people suffered from acute myocar-
dial infarction (MI) [1]. The incidence of coronary heart
disease (CHD) increased in recent years. In 2004, the World
Health Organization (WHO) estimated 652,000 CHD cases
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in China, and almost 400,000 patients died from this disease
[2]. Even though CHD can be treated by drugs and/or surgi-
cal operations, these treatments have limited curative effects.
Induced pluripotent stem (iPS) cells have been extensively
applied in regenerative medicine. These cells are advanta-
geous because of their simplicity and reproducibility and
have shown considerable potential for NCD therapy, espe-
cially heart disease therapy [3].

In general, cells can only differentiate unidirectionally.
After the discovery of cellular reprogramming by nuclear
transfer, cells have also been found to differentiate bilater-
ally [4]. However, this technique has many disadvantages,
including ethical controversies and complex operations,
which hamper its extensive application to clinical therapy
and fundamental studies. In 2006, Yamanaka et al. reported
that terminally differentiated cells could be reprogrammed
by defined factors, including OSKM (OCT4, SOX2, KLF4
and c-Myc) [5]. This process avoided ethical controversy
and has facilitated the development of cellular programming
in regenerative medicine [6, 7].However, this method has
drawbacks that result from low efficiency and tumourigenic-
ity [8].
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Numerous studies have developed various novel strate-
gies to enhance the efficiency of reprogramming and/or
reduce tumourigenicity. These strategies include the use
of different transcription factors [9], chemical inhibitors
[10], genetic factors [11], microRNAs (miRNAs) [12]
and signalling molecules [13]. Small non-coding RNAs
play an important role in regulating reprogramming by
enhancing iPS cell generation and differentiation [14, 15].
Additionally, miRNAs regulate the self-renewal, differen-
tiation, proliferation, senescence, migration, pluripotency
and survival of mesenchymal stem cells [16]. Considerable
advances in the field of iPS cells have been achieved in the
past decade. Numerous studies have shown the successful
application of various combinations of miRNAs and deliv-
ery methods to reprogramme diverse cell lines [15, 17].
Safe and efficient reprogramming methods are currently
being explored for clinical applications.

Overview of iPS Cells

IPS cell technology has been developed for more than ten
years. In 2006, Takahashi et al. showed that iPS cells can
be generated from mouse fibroblasts with specific factors
(OSKM) (Fig. 1), and their characteristics are similar to
those of embryonic stem cells (ESCs) [5]. In 2007, Thom-
son et al. generated human iPS cells by introducing dif-
ferent factors, including OSNL (OCT4, SOX2, NANOG
and LIN28) [18]. In October 2012, Yamanaka and Gurdon
were awarded the Nobel Prize in Physiology or Medicine
for their outstanding contribution to the reprogramming of
adult cells to an embryonic-like state [19].

Creating IPS cells

Addition of reprogramming ¢ O
- factor(0OCT4,50X2,KLF4,cMYC)
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Induced pluripotent stem cells

Fig. 1 Production of iPS cells and their applications. Somatic cells
are reprogrammed with the help of OCT4, SOX2, KLF4 and c-Myc
(OSKM) to generate iPS cells, which can differentiate into nearly all
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In 2014, the first human trial of an iPS cell-based ther-
apy was conducted, in which a retinal pigment epithelium
(RPE) layer was implanted in the right eye of a 70-year-old
female patient. The therapy stopped macular degenera-
tion in the patient and significantly restored her vision.
However, Yamanaka et al. found two small gene mutations
in the patients with iPS and RPE cells in the laboratory
during the preparation for the second clinical trial. Thus,
for security reasons, Yamanaka advised Takahashi to defer
the second trial. Consequently, numerous related studies
have also been suspended [20, 21]. In 2016, RIKEN from
Japan announced the resumption of the preclinical trial
for retina iPS cells. In March 2017, Mandai et al. reported
that the transplanted sheet remained intact after one year
of autologous iPS cell-derived RPE cell sheet transplanta-
tion, and the best corrected visual acuity did not improve
or worsen, although cystic macular oedema remained [22].
Another opposed report showed that three patients devel-
oped severe bilateral visual loss after receiving intravitreal
injection of autologous adipose tissue-derived “stem cells”
in a clinic in the USA [23]. Currently, iPS cell technology
is safe and effective in promoting the specific differentia-
tion of iPS cells, such as cardiomyocytes [24], pancre-
atic B-cells [25], functional hepatocyte-like cells [26] and
chondrocytes [27]. The iPS cells can also differentiate into
dopaminergic neurons [28]. Thus, these cells can be used
for clinical treatments and basic research.

Challenges and the Development of iPS Cells

The traditional approach is to reprogramme somatic
cells into iPS cells. However, this approach faces many
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challenges; efficiency and security are the two most promi-
nent issues with iPS cells. Cells reprogrammed using the
traditional method exhibit very low success rate. That is,
only a small proportion of cells become iPS cells (less than
1%) [29]. Conventional methods for genomic insertion
integrate transcription factors into the genome. This pro-
cess limits the use of transcription factor methods because
the target cell genomes inserted with foreign genes are at
risk of mutations [30].The reprogramming factor c-Myc
is an oncogene that has a potential carcinogenic risk. The
other three transcription factors, OCT4, SOX2 and KLF4,
are also highly expressed in various types of cancers [31,
33]. Additionally, epigenetic aberrations or mutations in
donor cells will be carried to the iPS cells and its derived
tissues, thereby leading to increased tumourigenicity, dys-
function and significant safety problems [34, 35].Moreo-
ver, the incomplete reprogramming and the selection of
source cells also cannot be ignored.

Several methods have been proposed to improve the effi-
ciency and quality of iPS cells. These techniques include
the use of different transcription factors [36], small mol-
ecules [37] and non-coding RNAs [38] and improvements
to delivery methods and culturing conditions (Fig. 2) [37].
Although many new methods can replace the transcription
factor method, Oct4 is usually irreplaceable [39]. Currently,
the efficiency of reprogramming has increased by more than
100-fold [40, 41], and this process can occur without c-Myc
[42, 43]. For example, reprogramming may be performed
using only miRNAs without transcription factors [44].
This process reduces the risk of tumourigenicity, which is
beneficial for patients. However, the reprogramming effi-
ciency is decreased in the absence of c-Myc. Recent studies
have shown that neural stem cells only require one addi-
tional factor (Oct4) for successful reprogramming [45].
Numerous human somatic cell types have been successfully
reprogrammed. However, reprogramming efficiencies and
dynamics vary amongst somatic cell types, and excellent cell
sources should be obtained easily, suitable for reprogram-
ming and highly efficient [46].

Fig.2 Delivery methods.
Integrative methods generally
have higher reprogramming
efficiencies but involve genomic
integration. Integration-free
methods do not include genomic
integration but are relatively
inefficient

Regulation of miRNAs in iPS Cells
MiRNAs in iPS Cell Generation

MiRNAs are endogenous, small non-coding RNAs. Their
production is successive through a multi-step process
(Fig. 3). The mature miRNA is approximately 22 nucleo-
tides (nts) in length and can regulate the expression of
target genes at the post-transcriptional level. MiRNAs par-
ticipate in a number of biological events, such as cell pro-
liferation, differentiation and death. In mammals, miRNAs
are involved in the early maturation of embryos, stem cell
differentiation and apoptosis [47—49]. Numerous studies
have suggested that regulating miRNAs can remarkably
improve the efficiency of iPS cell generation (Fig. 4). In
2009, Judson et al. reported that miRNA-291-3p, miRNA-
294, miRNA-295 and miRNA-302d enhance mouse iPS
cell generation with three transcription factors (Oc#4, Sox2
and KIf4); miRNA-291-3p, miRNA-294 and miRNA-295
belong to the miRNA-290 cluster and are amongst the
most highly expressed miRNAs in ESCs [29].

A previous study reported that miR-138 dramatically
enhances the efficiency of iPS cell generation using a com-
bination of Sox2, Oct4 and KIf4 with or without c-Myc.
MiR-138 directly targets the 3'-untranslated region of p53,
thereby down-regulating the expression of p53 and its
downstream genes [50].P53 plays a critical role in inhibit-
ing iPS cell production [51]. Notably, p53 is also a tumour
suppressor gene, and its inhibition leads to a significant
increase in tumourigenicity. Although p53 directly regu-
lates hundreds of target genes, p2/ and miR-34 are major
downstream targets that are important for the synergistic
inhibition of iPS cell production [52].MiR-34 belongs to
an evolutionarily conserved family, in which three mam-
malian homologues, namely, miR-34a, miR-34b and miR-
34c, are localized in two different genomic loci, miR-34a
and miR-34b/c [53]. As a p53 transcription target,miR-34
overexpression leads to cell cycle arrest or apoptosis [54].
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Fig.3 Schematic of miRNA biogenesis. The miRNA genes are
transcribed by RNA polymerase II (pol II) to generate the primary
transcripts (pri-miRNAs). The initiation step is mediated by the
Drosha-DGCR8 complex. The product of this nuclear processing
step is an ~70-nucleotide (nt) pre-miRNA, which possesses a short
stem and an ~2-nucleotide 3'-overhang. This structure might serve
as a signature motif recognized by nuclear export factor exportin-5.
Precursor miRNAs (pre-miRNA) are exported from the nucleus by
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Fig.4 Regulation of miRNAs in iPS cells. In contrast to miR-195,
miR-138 and miR-302/367 promote iPS cell generation. MiR-21,
miR-211, miR-155, miR-1, miR-199a, miR-199b and miR-449a pro-

MiR-34 can regulate p53 downstream activity by inhibit-
ing specific target genes including cyclin D1, cyclin E2,
Cdk4, Cdk6, Bcl2 and c-Met. MiR-34a hinders somatic
cells reprogramming, at least partially, by inhibiting
pluripotency genes, including Sox2, Nanog and Mycn.
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exportin5 (EXPOS5). Subsequently, cytoplasmic RNase III Dicer trig-
gers the second processing step to produce miRNA duplexes. Then,
the duplexes are separated. One strand is usually selected as the
mature miRNA, and is loaded into the RNA-induced silencing com-
plex. MiRNAs function through the degradation of protein-coding
transcripts (perfect complementarity with the 3'-UTR of the target
mRNAs) or translational repression (imperfect complementarity
between the miRNAs and 3’ -UTR regions of the target mRNAs)
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mote differentiation, whereas miR-495 inhibits differentiation. The
miR-302/367 cluster without any transcription factors can directly
reprogramme somatic cells into pluripotent stem cells

Moreover, miR-34b and miR-34c also inhibit reprogram-
ming, and all three miR-34 s show synergy in this process.
MiR-34a deficiency in mice significantly enhances repro-
gramming efficiency and kinetics. Compared with a P53
deficiency, the genetic ablation of miR-34a promotes iPS
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cell production without affecting self-renewal or differen-
tiation [52]. ESCs and iPS cells can generate all embry-
onic cell lineages but rarely produce extra-embryonic cell
types. A recent study showed that a miR-34a deficiency
strongly induces MuERV-L (MERVL) endogenous ret-
roviruses and significantly enhances the efficiency of
iPS cell generation by targeting the transcription factor
GATA binding protein 2 (Gata2). MiR-34a deficiency also
expands the developmental potential of mouse pluripotent
stem cells to yield both embryonic and extra-embryonic
lineages [55].

Introducing miR-93 (or 106b) into the mouse embry-
onic fibroblasts can also promote the generation of iPS
cells [56]. In comparison with scrambled miRNAs, a miR-
195 blockade significantly increased the reprogramming
efficiency (2.2-fold increase) of old skeletal myoblasts
(SkMs). Intriguingly, anti-miR-195 transduction does not
alter the pluripotency marker expression. IPS cells from
old SkMs transduced with anti-miR-195 successfully form
embryoid bodies that spontaneously differentiated into
three germ layers. The potential target of miR-195 may be
Sirtuin 1 (SIRT1). MiR-195 inhibition might up-regulate
SIRT1 expression, thereby enhancing the reprogramming
efficiency. A new strategy is introduced, in which highly
efficient iPS cells may be produced from ageing donor sub-
jects by blocking age-induced miR-195. Thus, this process
has the potential for the autologous transplantation of iPS
cells in elderly patients [57]. Ambasudhan et al. reported
that miR-124 in combination with two transcription factors,
POU class 3 homeobox 2(POU3F2, also known as BRN2)
and myelin transcription factor 1 like (MYT1L), can directly
reprogramme postnatal and adult primary skin fibroblasts
into functional neurons [58].

MiRNA Alone-mediated Reprogramming

MiRNAs alone can more effectively and safely generate
iPS cells than transcription factors. The sequences of miR-
302/367 are highly conserved across species. The cluster
contains five different miRNAs, including miR-302a/b/c/d
and miR-367 [59]. Using this method, researchers found that
mouse and human somatic cells can be reprogrammed to iPS
cells without the participation of exogenous transcription
factors such as OSKM. Additionally, the efficiency of this
method is two orders of magnitude higher than that of the
standard OSKM-mediated approach. MiR-367 is required
for miR-302/367-mediated reprogramming and activation of
Oct4 gene expression; it also inhibits histone deacetylase 2
(Hdac2). Histone deacetylase (Hdac) inhibition can enhance
OSKM reprogramming, and low levels of Hdac2 or Hdac2
inhibition is required for efficient pluripotent stem cell
reprogramming by miR-302/367 [17]. MiR-302 reportedly
inhibits the transcription factor nuclear receptor subfamily

2 group F member 2 (NR2F2) and increases reprogramming
efficiency through indirect positive regulation of OCT4 [60,
61].

A previous study found that reprogramming using
miRNA-302 markedly enhanced drug sensitivity in hepato-
carcinoma cells. MiR-302 induced histone 3 lysine 4 (H3K4)
methylation by down-regulating amine oxidase flavin con-
taining domain protein 2 (AOF2), thereby increasing c-Myc
repression, apoptosis and sensitization to drugs [62]. Moreo-
ver, miRNA-302 combined with a chemically defined media
could promote human adult hepatocytes to be reprogrammed
into islet-like cells [63]. Miyoshi et al. reprogrammed mouse
and human fibroblasts into iPS cells by direct transfection
of miR-200c plus the miR-302 and miR-369 families [64].
Thus, miRNA-based reprogramming does not require vec-
tor-mediated gene transfer, thereby indicating its potential
application in regenerative medicine.

Role of miRNAs in iPS Cell Differentiation

The specific differentiation of iPS cells can be better
achieved using miRNAs. In humans, miR-375 is important
for pancreatic endocrine function, and its inactivation leads
to impaired glucose balance, increased a-cell mass and
reduced B-cell fraction. Both miR-375 and miR-186 play
critical roles in the differentiation of iPS cells into insulin-
like cell clusters. By overexpressing miR-186 and miR-375
via chemical transfection, iPS cells are differentiated into
insulin-secreting p-like cells. These cells can express pan-
creatic endocrine-related genes, such as PDX1, PAX4, PAX6,
KIR6.2, NKX6.1, NGN3 and GLUT?2. Although the amount
of secreted insulin is lower than that of adult human f-cells,
transplantation of these islet B-cells into diabetic mice can
normalize blood glucose levels [65].

Age-related macular degeneration is the main cause of
blindness in developed countries and the third leading cause
of blindness worldwide [61]. MiR-184, which is located at
15g25.1, is an evolutionarily conserved non-coding RNA
oligonucleotide [66]. MiR-184 expression is up-regulated
during differentiation from human induced pluripotent stem
cells (hiPSCs) to RPE cells. MiR-184 overexpression pro-
motes RPE differentiation by inhibiting the protein kinase B
B (PKB B, also known as Akt2)/mammalian target of rapa-
mycin (mTOR) signalling pathway and miR-184 dysfunction
plays a key role in the pathogenesis of age-related macular
degeneration [67]. AKT2 is homologue 2 of the v-akt onco-
gene, which is a main downstream effector of the phosphati-
dylinositol 3’ kinase pathway, that can activate the mTOR
pathway [68]. Furthermore, miR-449a up-regulates Runx2
expression by binding to the 3'-UTR of HDACI, thereby
maintaining the histone acetylation status and stimulat-
ing the differentiation of human iPS cells into osteoblasts
[69]. Runx2, a runt domain family protein, is essential for
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osteoblast differentiation and bone formation. Runx2 regu-
lates the expression of osteoblast-specific genes, including
alkaline phosphatase (ALP), type I collagen and osteocal-
cin [70]. Ozeki et al. showed that miR-211 up-regulated
autophagy-related gene (Atgl4) expression in osteoblast-
like cells, thereby leading to the enhanced differentiation
of iPS cells [71].

In addition to humans and mice, pigs are a good source
of iPS cells. The organ size, immunology and physiology
of pigs are similar to those of humans. Porcine cells can be
used in studies on heredity and breeding, as animal mod-
els of human disease and xenotransplantation [72].The
overexpression of miR-302a, miR-302b and miR-200c can
enhance the reprogramming efficiency and reduce the induc-
tion time of porcine iPS cells (piPSCs) in OSKM or OSK
induction systems. The reprogramming efficiency of piPSCs
using miR-302a, miR-302b and miR-200c is equivalent to
OSKM, which is more efficient than OSK and reduces the
tumourigenicity of piPSCs caused by the lack of c-Myc [73].
Moreover, miR-720 can promote the differentiation of dental
pulp stem/progenitor cells by repressing the stem cell marker
NANOG [74].

Regulation of miRNAs in iPS Cells in Heart
Disease

CVD is considered the leading cause of death across the
world. CVD is associated with loss of myocardial cells,
such as myocardial infarction. Cardiomyocytes are perma-
nent cells with very poor division potential. Given that drug
therapy has limited efficacy in the treatment of myocardial
injury-associated heart diseases, such as myocardial infarc-
tion and cardiomyopathy, developing new strategies to treat
these disorders is essential. IPS cells exhibit new prospects
for CVD treatment. MiRNAs are closely involved in the
maintenance, proliferation, differentiation and reprogram-
ming of stem cells. One miRNA generally targets several
genes, and a single gene may be regulated by several miR-
NAs [75].

As a highly conserved miRNA among different species,
miR-199a inhibits the differentiation of iPS cells into smooth
muscle cells by targeting SIRT1 [76]. Notably, that miR-
199a expression is up-regulated during endothelial cell (EC)
differentiation, especially in the later stages of this process.
MiR-199a can induce the differentiation of iPS cells into
ECs by targeting SIRT1 directly or indirectly. SIRTI is a
member of the NAD+-dependent class III group of histone
deacetylases and the Silencing Information Regulatory Pro-
tein family. SIRT1 protein is highly expressed in ESCs, and
its transient overexpression enhances the efficiency of pro-
ducing iPS cells derived from mouse embryonic fibroblasts
through the miR-34a-SIRT1-p53 pathway [77-79]. SIRT1
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protein is a critical mediator in the regulation of various
developmental genes during stem cell differentiation [80]
and is important in the differentiation of various cells,
including endothelial progenitor cells [81].

MiR-199b can direct iPS cell differentiation towards
endothelial lineages by regulating critical signalling angi-
ogenic responses. MiR-199b modulates vascular cell fate
by targeting the Notch ligand JAGI, thereby resulting in
vascular endothelial growth factor (VEGF) transcriptional
activation and secretion through the transcription factor
Signal transducer and activator of transcription 3 (STAT3)
[82]. Notch signalling is essential for vascular development,
homeostasis and angiogenesis; however, the molecular basis
for its upstream regulation remains ambiguous [83]. Dur-
ing the differentiation of iPS cells into ECs, VEGF-induced
miR-155 promotes endothelial angiogenesis via direct
silencing of the E2F transcription factor 2 (E2F?2) [84]. The
transcription factor E2F2, an important member of the E2F
family, participates in cell proliferation, apoptosis and death
[85].

Anti-angiogenic miR-495 belongs to the Dlk1-Dio3
miRNA cluster. MiR-495 is highly expressed in the non-EC
fraction, but it is down-regulated in the EC fraction. This
miRNA mediates the expression of endothelial or angiogenic
genes by directly targeting vascular endothelial zinc finger
1 (VEZF1). VEZF1 is an important transcription factor that
can regulate EC differentiation and angiogenesis [86]. MiR-
495 inhibition promotes EC generation from iPS cells and
enhances angiogenesis and engraftment of hiPSCs due to
increased VEZF1 expression. MiR-495 inhibition upregu-
lates VEZF1 in hiPSCs and then activates downstream EC
genes (such as insulin-like growth factor 1 (/GF1) and clus-
ter of differentiation 31 (CD31)) by occupying their pro-
moter regions. After transplantation in immunodeficient MI
mice derived ECs significantly increase neovascularization
in the infarcted heart, prevent functional deterioration and
inhibit infarct size expansion [87].

Overexpression of miR-21 can activate the Akt /TGF-
B2 signalling pathway by directly targeting phosphatase
and tensin homologue deleted on chromosome ten (PTEN),
thereby increasing the differentiation of iPS cells into ECs.
MiR-21 overexpression increases the mRNA and protein
levels of transforming growth factor-p2 (TGF-p2). TGF-p2
knockdown or neutralization by its antibody inhibits miR-
21-induced EC marker expression of targets such as VE-cad-
herin (VE-cad) and CD31 [88]. TGF-p is a multifunctional
cytokine that regulates the proliferation, differentiation,
migration and survival of multiple cell types. Deficiency
or mutations of the TGF-f gene causes vascular remodel-
ling disorders and absence of mural cell formation, thereby
leading to severe vascular diseases [89]. Upon binding to
transforming growth factor-beta receptor type 1 (TGF-RI),
TGF-p stimulates the phosphorylation of the SMAD family
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(SMAD?2/3), thereby inhibiting lumen formation, prolifera-
tion and migration of ECs [90]. SMAD2/3 is a downstream
effector of activin/Nodal signalling that plays a significant
role in maintaining vascular integrity through regulation
of VE-cadherin, N-cadherin and sphingosine-1-phosphate
receptor-1 (S1PR1) expression [91, 92].

Resveratrol (RSV), a natural polyphenol, protects heart
tissue from damage and exhibits anti-inflammatory, anti-
oxidative, anti-aging and anti-cancer properties. A recent
study has shown that RSV can promote the differentiation
of human iPS cells into myocardial cells by inhibiting the
classical Wnt signalling pathway and enhancing the SRF-
miR-1 axis [93].

The miR-149, miR-125a-5p, miR- 27b, miR-296-5p, miR-
181a, miR-100 and miR-137 are up-regulated in both human
embryonic stem cell (hESC)-derived endothelial cells
(hESC-ECs) and hiPSC-derived endothelial cells (hiPSC-
ECs) during endothelial differentiation [94]. Jayawardena
et al. described the use of miRNAs to reprogramme cardiac
fibroblasts directly into cardiomyocytes both in vivo and
in vitro. MiR-1 promotes cardiac differentiation of human
iPS cells by suppressing the Wnt and fibroblast growth
factor(FGF)pathways and directly targets frizzled class
receptor 7 (FZD7) and fibroblast growth factor receptor sub-
strate 2 (FRS2) [95]. FZD7 transduces extracellular signals
into the cytoplasm to activate the canonical Wnt pathway
[96]. FRS2 is a lipid-anchored Grb2-binding protein that is
important in signal transduction from FGF receptors to the
Ras/mitogen-activated protein kinase (MAPK) signalling
pathway [97]. Furthermore, miR-1 alone can induce cardiac
reprogramming, but its effects are significantly enhanced
when combined with miR-133, miR-208 and miR-499 [98].

Conclusion and Perspectives

Chronic non-infectious diseases are a major cause of death
worldwide. Ischaemic heart diseases, stroke, lower respira-
tory infections and chronic obstructive lung diseases are the
top killers of the past decade. Although drugs and surgical
treatments are available, their curative effects are unsatis-
factory. Regenerative medicine can provide more effective
treatments. The discovery of iPS cells has led to the develop-
ment of a revolutionary strategy for disease research. Simu-
lation of several human diseases in vitro has been performed
to determine the molecular mechanisms underlying a par-
ticular pathology and discover new therapeutic avenues. Sig-
nificant advances in disease mechanisms and treatment have
been achieved by combining human iPS cells with other
new technologies [83, 99, 100]. However, several important
issues still need a resolution. The current regular strategy
for iPS cell generation is the ectopic expression of OSKM.
The reprogramming process has low overall efficiency; only

~0.1-1% of cells are fully reprogrammed when viral inte-
gration vectors are used [101]. Since the first isolation of
human ES cell lines from human blastocysts [4], limitations
of this process have been identified, thereby resulting in the
development of improved methods to enhance the efficiency
of iPS cell generation [102].

MiRNAs are usually associated with a protein complex
called the RNA-induced silencing complex; the play a major
role in post-transcriptional gene regulation in higher eukary-
otes [103]. The application of miRNAs can improve the effi-
ciency of iPS cell generation, as has been shown by a signifi-
cant increase in the number of iPS cell colonies. Moreover,
miRNA-induced pluripotent stem cells (miR-iPSCs) can be
derived at a faster rate than cells from traditional reprogram-
ming experiments. Further study of iPS cells has elucidated
the mechanism for cellular reprogramming, thereby increas-
ing the efficiency and eliminating tumourigenicity. MiR-
iPSCs have been used to study and treat various diseases
(Table 1).

Numerous almost pure human cardiomyocytes can be
formed, but they still cannot be used as therapeutic agents.
The main limitation is the immaturity of cells produced
manually in the laboratory [104]. Cardiomyocyte death is
a major contributor to CVD. Thus, this type of cell is an
important target for designing therapeutic strategies. Stem
cell therapy, such as transplantation of iPS cell-derived car-
diomyocytes, has emerged as a promising alternative thera-
peutic avenue for CVD [105]. MiRNAs promote iPSC-based
disease therapy, pathology research and drug development

Table 1 Function of miRNAs in iPS cells in diseases

Disease Cell type MiRNA  Promote References
(4+)/sup-
press (-)
Diabetes mel- Islet-like miR-302 + [63, 65]
litus cells miR-186 +
miR-375  +
Heart disease Endothelial miR-199a + [82, 87, 89,
cells 92, 93,
100]
miR-199b +
miR-155 +
miR-495 -
miR-21 +
Cardiomyo- miR-1 +
cytes
Age-related  Retina pig- miR-184 + [71]
macular ment
degenera-  Epjthelium
tion cells
Cartilage Osteoblasts miR-449a + [73,76]
injury
miR-211  +
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by promoting the production and differentiation of iPS cells.
A large body of evidence has suggested the involvement
of miRNAs in iPS cell generation and differentiation. For
example, miR-138 and miR-302/367 promote iPS cell gen-
eration, whereas miR-34a and miR-195 inhibit it. MiR-21,
miR-211, miR-155, miR-1, miR-184, miR-199a, miR-199b
and miR-449 promote differentiation, whereas miR-495 pre-
vents this process. Using only the miR-302/367 cluster or
direct transfection of miR-200c plus the miR-302 and miR-
369 families without any transcription factors can repro-
gramme somatic cells into pluripotent stem cells. The pro-
motion or inhibition of related microRNAs can be selected
depending on the actual need. Moreover, the target cells
of specific miRNAs can be obtained to improve efficiency
and safety. MiR-iPSC generation may ultimately become a
beneficial technology for biochemical research and clinical
regenerative medicine.
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