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Abstract DLKI1-DIO3 represents an imprinted cluster
which genes are involved in physiological cell biology as
early as the stem cell level and in the pathogenesis of
several diseases. Transcription factor-mediated induced
pluripotent cells (iPSCs) are considered an unlimited
source of patient-specific hematopoietic stem cells for
clinical application in patient-tailored regenerative medi-
cine. However, to date there is no marker established able
to distinguish embryonic stem cell-equivalent iPSCs or
safe human iPSCs. Recent findings suggest that the DLK1-
DIO3 locus possesses the potential to represent such a
marker but there are also contradictory data. This review
aims to report the current data on the topic describing both
sides of the coin.
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Genomic imprinting: an overview

Genomic imprinting is an epigenetic phenomenon that
results in the allele-specific expression of several diploid
genes, thus exhibiting a monoallelic gene expression pat-
tern [33]. Although there are some single imprinted genes
spread all over the entire genome, most of the imprinted
genes are clustered in the genome spanning hundreds to
thousands of kilobases, while they are conserved during
vertebrate evolution. These clusters comprise both pater-
nally and maternally expressed imprinted genes, some of
them being non-coding RNAs, and also non-imprinted
genes [6].

Genomic imprinting consists of three steps: establish-
ment, maintenance, and erasure. Imprint establishment
occurs in male and female gametogenesis, with DNA
methylation being the critical mechanism of imprinting,
through the action of DNA methyltransferases 3A/B
(DNMT3A/B). Imprinting maintenance is important in the
pre-implantation embryo protecting it from genome-wide
epigenetic modifications. Maintenance is achieved through
the action of DNMT1, the maternal proteins ZFP57 and
PGC7, Polycomb repressive (PRC2) proteins, and the
methyl-CpG-binding protein MBD3 [46, 62]. Imprinting is
erased during early germ cell development and re-estab-
lished upon full development of male and female gametes.
Recent findings suggest that erasure is mediated by the
5-methylcytosine oxidizing Tetl enzyme [45, 79].
Imprinted gene expression is regulated by a cis-acting
imprinting control region (ICR). ICR is a germline-derived
DNA sequence with differentially methylated regions
(DMR) which controls the monoallelic expression of the
gene cluster depending on their parental origin, and fur-
thermore, controls the expression of all imprinted miRNAs
in respective gene clusters [46]. Imprinted genes affect
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Fig. 1 Schematic representation of the DLK1-DIO3 imprinted clus-
ter in humans. In blue, the paternally expressed genes are shown,
while the maternally expressed are shown in red. Paternal allele
consists of the DLKI1, RTL1, and DIO3 protein-coding genes,
whereas the maternal alleles includes the MEG3, MEG8 and RTL1as

entire organisms’ developmental plasticity, which is the
ability of a genotype to produce phenotypes in response to
environmental stimuli, at the organ level and at the single
cell level as well. In particular, at the single cell level
imprinted genes are involved in early development, pluri-
potency, and neoplastic transformation [58]. Imprinted
genes are also involved in hematopoiesis. For example,
conditional deletion of the maternal but not paternal H19-
DMR in mice results in reduced hematopoietic stem cell
(HSCs) quiescence accompanied by increasing progenitor
cell proliferation, and finally increasing total bone marrow
cellularity [73]. It has also been suggested that imprinted
genes play a role in processes other than growth, such as
cognition and behavior, reactivity to novel environments,
social dominance and memory consolidation [15]. The
biallelic expression or on the contrary the complete
silencing of the imprinted genes due to abnormal methyl-
ation pattern at the DMR leads to loss of imprinting (LOI),
which might have a significant role in oncogenesis and
cancer progression. Genomic imprinting is also involved in
reprogramming, since LOI during the reprogramming
process might affect the biological behavior of induced
pluripotent stem cells (iPSCs) [61, 64].

Several theories for the evolution of genomic imprinting
have been developed falling under the kinship theory and
include evolution of the loci that are under sexually
antagonistic selection, evolution under the selection for
maternal-fetal co-evolution, and evolution under selection
of parental resemblance [15]. A recently proposed model
based on interactions of imprinted genes mediated by
DNA, RNA and proteins, suggests that the evolution of
imprinting at one locus can drive the imprinting at other
loci that interact with that imprinted gene promoting a co-
evolutionary pattern [76].

The DLK1-DIO3 imprinted cluster
The DLKI1-DIO3 (also called DLK1-MEG3) imprinted

cluster is located on chromosomes 14q32 and 12qF1 in
humans and mice, respectively. It contains protein-coding
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long non-coding RNAs, pseudogenes, several microRNAs (miRNAs),
and small nucleolar RNAs (snoRNAs). Differentially methylated
regions (IG-DMR and MEG3-DMR) are shown as lollipops. MEG3-
DMR is located within the MEG3 promoter

genes (the paternally expressed DLK1, RTL1, and DIO3),
the maternally expressed long non-coding RNAs (IncR-
NAs) MEG3, MEGS, and the antisense RTL1 (RTL1as). It
also contains a large cluster of microRNAs (miRNAs),
considered probably the largest cluster throughout the
genome, multiple C/D small nucleolar RNAs (snoRNAs),
and several pseudogenes [11] (Fig. 1).

The 14932 imprinted region includes two DMRs, the
germline-derived primary DLK1-DIO3 inter-genic DMR
(IG-DMR), which functions hierarchically and is an
upstream regulator of the postfertilization-derived second-
ary MEG3-DMR which gains the appropriate methylation
pattern during gestation, while, the existence of a third
DMR located within the last exon of DLKI1 has been
proposed [6, 34].

Repressive histone marks are also found in MEG3-DMR
and it is suggested that chromatin regulatory factors may
play a role in MEG3 imprinting in embryonic stem cells
(ESCs). However, it seems unlikely that repressive marks
maintain MEG3 imprinting in mid-gestation embryos,
probably because silencing of the other parental allele can
be achieved through DNA methylation alone [54].

In an effort to study the in vivo effects of Hotair IncRNA
deletion, Li et al. developed a mouse model in which
Hotair-targeted deletion increased the expression of
approximately 30 different genes from imprinted loci.
These included DIk1, Dio3, and Meg3 from the specific
cluster. The results suggested that Hotair affects the DIk1-
Dio3 locus principally through control of histone methyl-
ation genome-wide in vivo, proposing moreover, that a
IncRNA might affect the expression of other IncRNAs
[43].

The miRNAs of the DLK1-DIO3 cluster

Several miRNAs of the cluster form a regulatory feedback
loop by regulating the expression of all coding and non-
coding genes within the cluster in fully pluripotent stem
cells [48]. Recently, several miRNAs of the cluster have
been implicated in the pathogenesis of acute promyelocytic
leukemia, others have been used for early detection of
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specific solid cancers, while others have been involved in
the pathogenesis of benign diseases such as diabetes [35,
50, 52].

DLK1

DLK1 encodes a transmembrane glycoprotein with six
epidermal growth factor-like (EGF) motifs in the extra-
cellular domain, similar to those present in the Delta/
Notch/Serrate family of signaling molecules. DLK1 can
interact with NOTCH through specific EGF-like repeats
acting as a NOTCH antagonist, and can also affect the
ERK/MAPK pathway and the FGF signaling pathway [20,
24, 69]. High DLKI1 expression levels are observed in
diverse embryonic tissues during early organogenesis,
especially in placenta, liver, adipose tissue, skeletal mus-
cle, lung, vertebrae, the pituitary and adrenal glands. DIk1-
deficient mice exhibit increased perinatal lethality, growth
retardation, defects in postnatal neurogenesis, accelerated
adiposity and other developmental defects [2, 3, 24, 25,
72].

In addition, DLK1 plays a role in hematopoiesis by
inhibiting hematopoietic cell differentiation and is essential
for fetal hematopoiesis in the liver at the time of HSCs
generation and has a negative impact on HSPCs. Absence
of DIkl causes a similar expansion of both HSCs and/or
progenitors, while at the same time maintains their normal
differentiation potential, giving rise to an expanded pro-
genitor pool [37, 42, 55].

DLK]1 and tumorigenesis

DLKI1 is aberrantly expressed in several different types of
solid and blood cancers conferring tumor cells a cancer
stem cell-like phenotype. This effect is achieved via the
prohibitin (PHB1/2) complex as observed in xenograft
models, or through the constitutive activation of IxB kinase
2 (IKK2) promoting IKK2/NF-kB activation [7, 8, 74, 80].
Dlkl1-expressing cells exhibit a potential of self-renewal
and also exhibit chemoresistance similar to that reported
for cancer stem and progenitor cells [40, 78].

DLK1 was aberrantly overexpressed characteristically
in myelodysplastic syndrome (MDS) [41, 51, 82, 83], a
subset of acute myeloid leukemia (AML) [39] cases, and
might also contribute to primary myelofibrosis (PMF)
pathogenesis [4, 28].

DIO3

DIO3 is the most distal gene of the imprinted cluster and
encodes the enzyme D3 essential for thyroid hormone
regulation since it degrades thyroid hormone in inactive
metabolites. Similar to DLK1, DIO3 is highly expressed in

fetal and placental tissues protecting the fetus and its
developing tissues from the exposure to high maternal
thyroid hormone levels. On the contrary, adult tissues have
much lower expression levels of DIO3, which is however,
re-expressed during proliferation and cell growth after
tissue damage suggesting an involvement in tissue
remodeling [23, 32]. The finding that Dio3 expression in
rat brown preadipocytes is associated with cell prolifera-
tion rather than differentiation in an expression pattern
similar to DIkl, indicates that Dio3 expression correlates
with cells that are in an undifferentiated status [31]. DIO3
promoter chromatin is characterized by high levels of his-
tone 3 lysine 4 dimethylation (H3K4me2) in proliferating
muscle cells that decrease promptly on differentiation,
whereas DIO3 expression can be repressed by the
demethylase LSD-1 suggesting an epigenetic regulatory
mechanism of expression during different stages of dif-
ferentiation [1].

DIO3 and tumorigenesis

Interestingly, DIO3 was found hypermethylated in a subset
of human B cell, T-cell and myeloid malignancies as
assessed by microarray-based methylation analysis, sug-
gesting that aberrant epigenetic modifications may confer
DIO3 tumor-associated properties [53].

RTLI1

RTL1 is expressed mainly at the embryonic stages in some
tissues and in the placenta where it is essential for the
proper development in an extent similar to the other coding
genes of the cluster [13]. It is essential for the maintenance
of the fetal capillaries, and its abnormal expression might
cause late-fetal and/or neonatal lethality in mice probably
due to placental infarction [63]. Rtll expression promotes
hepatocytes growth in vitro in the presence of extracellular
matrix, while in vivo is able to promote liver tumorigenesis
[59]. Rtll-imprinting process seems to be under the control
of the hosted miRNAs at least in cloned mouse embryos
[19]. Concomitant over- and underexpression of Dlk1 and
Rtll induced perinatal lethality, while restored expression
failed to rescue lethality in IG-DMR deficient mice [70].

MEG3

MEGS3 is a IncRNA gene with 12 cDNA isoforms identified
to date, possessing tumor-suppressor properties. It is
reciprocally imprinted with DLK1, regulating its expres-
sion in mouse ESCs (mESCs) by direct binding to PRC2
and recruitment of Ezh2 to DIkl promoter, and by
increasing H3K27me3 in both DMRs [5, 84]. MEG3 is
involved in normal cell biology and proper development as
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Meg3 deletion leads to perinatal death in mice, and it is
also involved in the pathogenesis of a wide range of benign
and malignant tumors. It interacts with fundamental key
players in cell biology such as p53, MDM2, Rb and vas-
cular endothelial growth factor (VEGF), thus affecting cell
proliferation, differentiation, survival and angiogenesis
[12]. Altered methylation pattern of MEG3-DMR observed
in children born to obese mothers suggests that parental
lifestyle may cause transgenerational epigenetic effects
[66].

MEG3 and tumorigenesis

Aberrant DNA methylation of MEG3 has been detected in
AML, MDS, multiple myeloma (MM) and adenomas, and
has been associated with disease progression and clinical
outcomes [9, 10, 86]. Variable MEG3 methylation levels
were reported in AML without though being associated
with the abnormally expressed DLK1 [39]. Methylation of
MEG3 probably represents the fundamental silencing
mechanism as no loss-of-function genetic mutations have
been reported at least in non-functioning pituitary adeno-
mas [85]. During megakaryopoietic differentiation of
MDS, DLK1 and MEG3 were downregulated in develop-
ing megakaryocytes of both low- and high-risk MDS
patients. The increased DLK1 expression in CD34+4- cells
and the concomitant decreased expression of DLK1 and
MEG3 during megakaryocytic differentiation suggests that
both genes are probably involved in abnormal megakary-
ocytic differentiation and proliferation in MDS [27].

MEGS8

MEGS (Rian) is another IncRNA suggested to play func-
tional roles in the development of diverse organs during
embryonic development, and together with RTLlas are
both involved in chromosome 14 uniparental disomy with
characteristic phenotypes [13, 26].

DLK1-DIO3 imprinted genes in transcription factor
induced pluripotency

Fully differentiated somatic cells reprogrammed to induced
pluripotent stem cells (iPSCs) are pluripotent stem cells
(PSCs) with molecular and functional properties similar to
ESCs. However, genetic and epigenetic variations exist
between iPSC lines, between iPSC and ESC lines, and
different passages of the same iPSC line [47]. These vari-
ations prompted scientists to the continuous search for
markers that could help to distinguish between iPSCs and
ESCs bringing to the surface the importance of the DLK1-
DIO3 imprinted cluster. Is there, however, a role for the
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DLK1-DIO3 imprinted domain in ESCs and iPSCs? Has
the specific cluster the potential to be used as a marker of
distinction between iPSCs and ESCs, and is such distinc-
tion important? Can the specific imprinted cluster be used
to identify highly pluripotent and safe human iPSCs? The
studies described below report very interesting findings that
may partially answer these questions (Table 1).

Embryonic stem cells and iPSCs can be considered an
unlimited source of patient-specific HSCs. Recent studies
have provided proof-of-principle that genetically corrected
iPSCs can be used to treat several different diseases
including hematological disorders [60]. iPSCs have the
potential to model hematological malignancies whereas,
reciprocally hematological diseases may serve as an in vivo
model for iPSCs biology [38]. However, at present there is no
way to differentiate human ESCs/iPSCs into transplantable
HSCs to generate engraftable hematopoietic stem progenitor
cells (HSPCs) [21]. However, a system has been developed
to respecify lineage-restricted CD34(4-)CD45(+) myeloid
precursors derived from hPSCs into multilineage progenitors
that can be expanded in vitro and engrafted in vivo [22].

In mESCs, the Dlk1-Dio3 cluster expression seems to
be epigenetically regulated in a reversible manner under
the orchestrated action of H1 histone. H1 histone pro-
motes recruitment of Dnmtl and Dnmt3b to the ICR, and
inhibits binding of SET7/9 methyltransferase H3K4me in
chromatin. These data suggest that Hl-linker histone
promotes DIlk1-Dio3 silencing through the combined
action of two epigenetic modifications [81]. However, the
unstable genomic imprinting of MEG3 observed in human
ESCs and human iPSCs has been attributed to DNA hy-
permethylation [36]. Furthermore, the PRC2 accessory
component JARID2 binds to MEG3 in vivo, and probably
represents the largest contribution to the affinity of MEG3
for PRC2, independently of EZH2 binding. MEG3 acts in
trans on JARID2 and PRC2 by facilitating their recruit-
ment on target genes in human iPSCs and mESCs. Lack
of MEG3 in iPSCs alters finally the chromatin distribution
of H3K27me3, PRC2, and JARID2. Hence, the PRC2-
MEGS3 interactions may play a role in induced pluripo-
tency [36].

DLK1-DIO3 cluster exhibits different expression pat-
terns during different number of passages, being active in
initial ESCs (<10 passages) while it is silenced in early
ESCs (20-30 passages). Such differential expression is
inheritable during differentiation, although silencing does
not compromise the multilineage differentiation of ESCs
but is associated with reduced DNA damage-induced
apoptosis in early ESCs. Probably, such silencing is carried
over by differentiated progeny and may increase the anti-
apoptotic ability in both ESCs and their differentiated
counterparts. Surprisingly, a common pattern of gene
expression change between initial ESCs and early ESCs
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was observed across different lines involving, MEGS3,
SNORD114-3 in the imprinted cluster which were how-
ever significantly downregulated in most early ESCs. The
above results suggest that the DLK1-DIO3 cluster is nor-
mally imprinted in initial ESCs, but becomes completely
silenced during early culture. Activation of the DLKI-
DIO3 cluster in initial ESCs seems a normal status inher-
ited from embryonic cells, and silencing of MEGS3
expression in early ESCs probably represents an abnormal
variation acquired through early culture. These observa-
tions of gene expression changes in the DLKI-DIO3
cluster provide new insight into the epigenetic instability
during the early culture of ESCs, which may help to better
characterize the genuine molecular profile of ESCs. Fur-
thermore, DLK1-DIO3 silencing is probably an aberrant
change resulting from inappropriate culture conditions,
especially the use of atmospheric oxygen [77].

DLK1-DIO3 cluster represents a specific genomic region
that has been reported to possess the unique property of
distinguishing murine iPSCs from ESCs, and identifies
iPSCs clones with the full development potential of ESCs.
Silencing of the DLK1-MEGS3 cluster seems to be a unique
event of reprogramming, and occurs in iPSCs derived from
different cell types at various stages of differentiation [49,
67]. Moreover, the pluripotency levels of stable mouse iPS
cells generated without c-Myc positively correlate with the
activation of Dlk1-Dio3, indicating its potential as a marker
to select fully pluripotent iPSCs lines [44].

Meg3, Rian, and several miRNAs within the cluster
were repressed in murine iPSCs clones compared to ESCs
indicating that the expression of a small number of tran-
scripts of a single (Meg3) imprinted gene distinguishes
most mouse iPSCs from ESCs and is predictive for their
developmental potential [67]. Although this study was
considered compromised because restoration of expression
and rescue of the phenotype were not evaluated, it reo-
pened the discussion of imprinted genes involvement in
stemness [58]. Dlk1-Dio3 cluster was also found activated
in tetraploid blastocyst complementated mouse embryos
iPSCs (4n-iPSCs) compared to a repressed expression in
2n-iPSCs. The degree of activation of the cluster positively
correlated with the pluripotency levels of iPSCs [48]. DIk1-
Dio3 might be the only genomic region with a clear on- and
-off switch in fully pluripotent versus partial pluripotent
cells.

With regard to miRNAs, DIlk1-Dio3 hosted miRNAs
were downregulated at the earliest stages of reprogram-
ming, and is assumed that such downregulation may
improve reprogramming efficiency. That unique property
of the cluster could represent a marker potential to identify
fully iPSCs or ESCs [30, 48].

The notion of MEG3 as a single gene signature was
contradicted by scientists who reported that MEG3
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exhibited moderate specificity, since most of the ESCs
lines were MEG3 negative and incorrectly classified as
iPSCs in humans. It is not clear, however, if that difference
is species specific [14, 17]. Similarly, Pick et al. reported
that MEG3 showed aberrantly high expression levels in
several iPSCs lines compared to human ESCs, and also
showed a clone-specific aberrant MEG3 expression
depending on the transcription factor (TF) used in repro-
gramming. Authors stated that analysis of imprinted genes
will be crucial in iPSCs used in regenerative medicine to
avoid tumor generation in recipients, because the aberrant
expression of imprinted genes could cause problems with
cell differentiation and promote even malignant transfor-
mation, while abnormal imprinting could confuse disease
phenotype with imprinting disorders [57]. Klf4 was
recruited to the Meg3 promoter during reprogramming
whereas, iPSCs clones underwent Meg3 silencing after
transgene excision, suggesting that the core reprogramming
factors may be directly involved in the reprogramming
process. In support of this idea, binding sites for Oct4 and
Klif4 were identified in the Dlk1-Dio3 region, and further
analysis revealed increased recruitment of Klf4 at Meg3 in
transgene-carrying iPSCs. These findings support the
notion of an active role of Klf4 (and possibly Oct4) in
establishing the methylation status of Meg3 and suggest
that, when present at abnormally high levels, Klf4 may
protect this region from cytosine methylation [65]. Carey
et al. in their elegant work showed that high expression
levels of Oct4 and Kif4 combined with lower expression
levels of c-Myc and Sox2 produced iPSCs cells that effi-
ciently generated all-iPSC mice by tetraploid
complementation, maintained normal imprinting at the
DIk1-Dio3 locus, and importantly did not create mice with
tumors. Therefore, it was concluded that LOI at the Dlk1-
Dio3 locus did not strictly correlate with reduced pluripo-
tency. The efficiency however of generating all-iPSC mice
was diminished, and hence, silencing of the specific
imprinted cluster could not be used as an absolute marker
of reduced pluripotency. It seems that the stoichiometry of
the reprogramming factors influences the genetic and epi-
genetic status of the Dlk1-Dio3 locus as suggested by the
expression levels of Oct4 and Kl1f4 during reprogramming,
which can influence the epigenetic conformation of the IG-
DMR. The findings of the study argued in favor of the TF
stoichiometry rather than the absolute factor expression
levels used to generate iPSCs, playing an important role in
determining the epigenetic and pluripotent state of iPSCs
[16].

The role of epigenetic modifications

Yet, it is not well understood how genomic imprinting is
reprogrammed in iPSCs although it seems that DNA
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hypermethylation and histone methylation are the key
players [36]. DNA hypermethylation of DLK1-DIO3 and
its silencing might prevent cells from becoming fully plu-
ripotent iPSCs. The loss of the parentally inherited imprint
among iPSCs clones could be attributed to the variations in
epigenetic reprogramming during the derivation of iPSCs.
DIk1-Dio3 methylation levels were maintained in most
mouse iPSCs clones but were, however, lower than the
respective levels in mESCs. For several other imprinted
genes, DMR methylation was variably lost in iPSCs clones.
These findings suggest that different imprinted regions
exhibit different mechanisms in maintaining DNA meth-
ylation imprint. Probably, different epigenetic mechanisms
may be present at different imprinted regions in the
maintenance of imprint in iPSCs [71]. In fact, Nishino et al.
studied the epigenetic and transcriptional status of human
iPSCs deriving from five cell types of different origins
during different passages. MEG3, among several other
imprinted genes, showed aberrant MEG3-DMR methyla-
tion in human iPSCs with consequent MEG3 silencing.
However, MEG3-negative iPSCs were almost indistin-
guishable from MEG3-positive iPSCs in DNA methylation
profile and gene expression, suggesting that aberrant
MEG3-DMR hypermethylation probably occurs at early
passage and fixed at later stages of iPSCs passaging [56].
Such repression of Meg3 acts as a roadblock for the
establishment of fully pluripotent iPSCs and for the
achievement of high-grade chimerism in mice. That
obstacle can be overridden through treatment with chemi-
cal compounds such as with the simple supplementation of
vitamin C. Such vitamins prevent MEG3 silencing by
preservation of active chromatin marks, which in turn
inhibit Dnmt3a recruitment to the IG-DMR preserving a
normal imprinting status [68]. Moreover, treatment of
activated B-cells with the methyltransferase inhibitor
5-aza-2'-deoxycytidine before and at early stages of
reprogramming attenuates hypermethylation of the DIkI-
Dio3 locus in resultant iPSCs and enables them to form
high-grade chimerism in mice. Collectively, these findings
highlight the necessity of developing reprogramming con-
ditions free of Dlk-Dio3 locus hypermethylation during
iPSC derivation [75]. However, aberrant DNA methylation
within the DIk1-Dio3 locus did not, in contrast to previous
observations, preclude the generation of 4n-iPSCs although
the efficiency of generating mice by tetraploid comple-
mentation decreased with aberrant methylation at this locus
[16].

Other strategies, involving miRNAs, for achieving ideal
reprogramming conditions have been developed. Recent
data suggest that miR-29b enhances iPSCs generation by
targeting Dnmts, which serve as a barrier to reprogram-
ming. Sox2, in turn directly regulates miR-29b, and miR-
29b-derived iPSCs lines maintain the active expression of

Meg3, Rian and hosted miRNAs which are critical for
development. These data indicate that Sox2-triggered miR-
29b-DNMT signaling plays a crucial role in DNA meth-
ylation-related reprogramming events, including the
regulation of DIk1-Dio3 transcription silencing [29].

Conclusions

Imprinted genes are involved in several different biological
and behavioral processes in different higher organisms and
the DLK1-DIO3 cluster seems to represent one of the most
important imprinted domains. Induced pluripotency and
reprogramming is a promising field in regenerative medicine
and a new tool to model genetic diseases. iPSCs are similar to
ESCs but still not completely equivalent, nevertheless they
complement each other [60]. Point mutations, copy number
variations, and epigenetic changes differentiate iPSCs from
ESCs. Undoubtedly, the role of iPSCs in personal regener-
ative medicine offers new perspectives, but problems
regarding the differentiation or the possible malignant
transformation of iPSCs should be solved first. Therefore, the
quest for markers that would be able to distinguish ESCs-
equivalent iPSCs has begun. Important findings nominated
DIk1-Dio3 cluster as an exclusive marker for all iPSCs.
Silenced DIlk1-Dio3 cluster contributed poorly to chimeras
and did not generate all iPSCs in mice, in contrast to iPSCs
with normal Dlk1-Dio3 expression ***which generate high-
grade chimeras. However, contradictory findings reported by
others on the ability of the specific locus to represent a unique
marker of iPSCs suggest that the Dlk1-Dio3 cluster has no
significance in reprogramming, one can argue. Meg3
expression was increased in several iPSCs lines compared to
the ESCs, whereas the majority of other imprinted genes
presented normal monoallelic expression. Either repressed
or enhanced expression of MEG3 in iPSCs lines has a distinct
pattern of expression in reprogramming that confers MEG3
unique characteristics compared to other imprinted genes.
Collectively, these results bring out the notion that iPSCs
may behave differently based on variations of specific
genomic regions, and that the DIlk1-Dio3 activation or
silencing depends on the stage of reprogramming. The
findings that specific TF stoichiometry used for reprogram-
ming might affect genetic and epigenetic modifications in the
DLK1-DIO3 domain might suggest that the imprinted clus-
ter represents a marker only in the case of some exclusive
factors used in reprogramming. Therefore, DLK1-DIO3
status should be evaluated in the case of reprogramming with
other factors considering that the original Yamanaka’s fac-
tors (Oct4, Klf4, Sox2, and c-Myc) are all dispensable in
reprogramming [18]. Perhaps, it is the methylation level of
the cluster that should be taken into consideration as marker
of pluripotency given that iPSCs exhibit constantly present
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but lower methylation levels than the respective ESCs. The
fact that this particular cluster is self-regulated by the hosted
miRNAs probably suggests that the cluster should be con-
sidered in its entirety including miRNAs, snoRNas and not
only macroRNAs. Furthermore, another issue that should be
considered in reprogramming is the gene dosage of the
imprinted genes that are involved in embryonic development
plasticity [20, 58].

It is not clear whether the identification of the DLK1-
DIO3 profile as a marker in reprogramming has cleared or
fogged the landscape, but it is sure that its influence on the
pluripotency level of iPSCs merits further evaluation.
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