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Abstract
In embryonic stem cells, E-cadherin plays a crucial role in sustaining the pluripotent state; this is achieved by the
simultaneous presence of active core pluripotency transcriptional network, proper cell-cell adhesion, and an undifferentiatedstate chromatin signature. In contrast, N-cadherin is linked to a more differentiated cell state but can support pluripotency if
expressed as a knock-in allele from the E-cadherin locus. This study describes the N-cadherin ki/ki embryonic stem cells,
which lack E-cadherin expression, to identify transcriptional changes distinct from the known changes observed in Ecadherin knockout embryonic stem cells. As a result, a remarkable similarity in the expression profiles of N-cadherin ki/ki
and wild-type embryonic stem cells was observed. Further analysis of the slight differences revealed significant alterations in
several biological processes such as chromatin organization and epithelial-mesenchymal transition. The findings presented
here shed light on a new aspect of E-cadherin biology in embryonic stem cells and lay the foundations for comprehensive
understanding of E-cadherin's functional relevance beyond the prominent role in maintaining pluripotency.
Keywords: E-cadherin, Epithelial to Mesenchymal Transition, EMT, Embryonic Stem Cells, Gene replacement.

1. Introduction
Embryonic stem (ES) cells can self-renew, maintain an
undifferentiated state of pluripotency, and generate cells
that can differentiate into the various cell types of the body
(Niwa, 2007). The pluripotent state's maintenance requires
the function of a core transcriptional network comprised of
three main transcription factors, Nanog, Sox2, and Oct4
(Ying et al., 2008). The functions of these transcription
factors keep the cells in an undifferentiated state
distinguished by growth in compact colonies, an active
pluripotency transcriptional network, and the presence of
bivalent histone modifications on the promoters of several
essential genes (Mikkelsen et al., 2007). The transcription
factors Sox2 and Oct4, Klf4, and c-Myc induce the
pluripotent state in mouse somatic cells by establishing
ES-like cells called induced pluripotent stem cells (iPSCs)
(Takahashi and Yamanaka, 2006). Nanog's activation is an
essential step in establishing the pluripotent state (Silva et
al., 2009). The reprogramming to the pluripotent state
requires completing a well-orchestrated series of events,
including changes in the chromatin landscape and DNA
methylation states (Boyer et al., 2006, Maherali et al.,
2007). These events coincide with the initiation of the
mesenchymal to epithelial transition (MET), during which
the somatic cells lose their fibroblast-specific
mesenchymal morphology and gradually establish
polarization and gain the ES cell-like appearance (Li et al.,
2010). This MET event is a crucial step and depends on E*

cadherin's (E-cad) activation, a calcium-dependent
adhesion molecule. E-cad is essential for maintaining
stemness and the pluripotent state since its loss can cause
alterations in homophilic adhesion, causing a scattered cell
growth of ES cells in culture (Larue et al., 1996, Soncin et
al., 2009). Moreover, exogenous E-cad expression can
substitute Oct4 in the mixture of reprogramming factors,
which results in effective iPSC reprogramming (Redmer et
al., 2011).
ES cell homeostasis fundamentally requires the E-cadmediated adhesion, an indispensable event for cell-cell
communication and signaling (Chen et al., 2010). On the
other hand, in mesenchymal cells, such as fibroblasts, cellcell adhesion is achieved by N-cadherin (N-cad). The
protein sequences of both cadherins show striking
conservation; thus, they have a similar role in mediating
homophilic adhesion and even interact with similar
intracellular proteins such as beta-catenin. However, they
are primarily present in a mutually exclusive fashion.
These molecules also promote contrasting phenotypes; Ecad expression will result in a polarized epithelial form; in
contrast, N-cad expression correlates with a depolarized
motile state (Wheelock et al., 2008). Several studies
addressed the functional redundancy of the two cadherins,
their impact on critical developmental stages, and their
impact on the pluripotent state in ES cells. One report
investigated the impact of replacing E-cad by N-cad during
trophectoderm formation and concluded that E-cad
functions could not be restored by N-cad (Kan et al.,
2007). Besides, the expression of N-cad from the E-cad
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locus was sufficient to maintain the pluripotent state and
was also suitable for reprogramming fibroblasts into iPSCs
(Bedzhov et al., 2013). The maintenance of adhesion was
enough for the preservation of pluripotency. Maintaining
the pluripotent state by N-cad in ES cells provided a
unique opportunity to study the impact of E-cad loss on ES
cells that retain the pluripotent state. In recent years, a
great deal of research has been dedicated to studying ES
cells and iPSCs, notably for their potential use in
personalized medicine (Yamanaka, 2020). So, it is of
interest to have a better understanding of stem cell biology
in general, and a better understanding of the outcomes of
potential gene expression signature changes would be of
utmost importance for the design and planning of such
therapies. The current study reveals the changes in ES
cells' gene expression profiles expressing N-cad instead of
E-cad. This is addressed by performing in silico analyses
and then comparing the expression profiles of E-cad
knockout (ko) cells and N-cad knock-in (ki) cells to the
wild-type ES cells.
2. Materials and Methods
2.1. ES cell culture
ES cells used in this work were described previously;
in summary, N-cad ki/ki, E-cad ko/ko, and wt ES cells
were prepared from E2.5 embryos as described in
(Bedzhov et al., 2013). ES cells were grown on feeder
cells (mitotically inactivated mouse embryonic fibroblasts)
in ES cell medium prepared with DMEM (Biochrom) and
supplemented with 15% FCS (PAN), 10 U/ml Penicillin
and Streptomycin, 0.1 mM non-essential amino acids, two
mM L-glutamine (Gibco), 0.15 mM β-mercaptoethanol
(Sigma), and 500 U/ml Lif (Millipore). ES cells were
grown at 37°C in the presence of 10% CO 2 . The medium
was changed every two days, and the cells were subcultured or processed at sub-confluence.
2.2. RNA isolation and gene expression analysis
Cells were seeded in 6-well plates (105 cells per well),
incubated to sub-confluence, and collected for RNA
isolation. For gene expression analysis, RNA extraction
and preparation of cDNA were performed using the
methods and reagents described previously (Bedzhov et
al., 2013). Primers used in this study and their
corresponding UPL probes are presented in Table 1.
Relative expression was calculated using the 2-ΔΔCt method
(Livak and Schmittgen, 2001) relative to the wt control
and normalized to the housekeeping gene Gapdh. Data
represent at least three biological replicates. One-way
ANOVA, followed by Tukey's multiple comparison tests,
was performed for statistical analysis of group
comparisons.

Table 1: Primers and corresponding UPL probes used in qPCR
experiments.
Gene
Name

Primer Sequence

UPL probe ID

Cdh1

F: atcctcgccctgctgatt
R: accaccgttctcctccgta

UPL No: 18

Cdh2

F: tccctgagatacagcgtcact
R: ataatgaagatgcccgttgg

UPL No: 17

Eomes

F: accggcaccaaactgaga
R: aagctcaagaaaggaaacatgc

UPL No: 9

Klf4

F: cgggaagggagaagacact
R: gagttcctcacgccaacg

UPL No: 62

Neurod1

F: cgcagaaggcaaggtgtc
R: tttggtcatgtttccacttcc

UPL No: 1

Vim

F: ccaaccttttcttccctgaa
R: ccaaccttttcttccctgaa

UPL No: 109

Snai1

F: gtctgcacgacctgtggaa
R: caggagaatggcttctcacc

UPL No: 71

Zeb1

F: gccagcagtcatgatgaaaa
R: tatcacaatacgggcaggtg

UPL No: 48

Gapdh

F: agcttgtcatcaacgggaag
R: tttgatgttagtggggtctcg

UPL No: 9

2.3. Microarray analysis
Microarray analysis for the ki/ki and wt2 cells was
described before (Bedzhov et al., 2013). In short, RNA
from two independent samples per genotype was
hybridized to the GeneChip Mouse Genome 430 v2.0
array (Affymetrix, Inc.). The raw data can be downloaded
from the NCBI GEO database (Barrett et al., 2013) (GEO
accession number GSE42008). Raw data for the E-cad
knockout and the corresponding wild-type cells (wt1) are
publicly available and were obtained from the
ArrayExpress, accession number E-MEXP-2836 (Soncin
et al., 2011). Data analysis was performed in R v4.0.3. The
data set's quality was examined with the simpleaffy
package v2.66.0 (Wilson and Miller, 2005), and
expression values and normalization were performed by
the GCRMA function, with quantile normalization and
excluding features with expression values of < 4 in all
samples. Differential expression analysis was performed
with the limma package v 3.46.0 (Ritchie et al., 2015),
applying the eBayes function. Heatmaps were plotted
using the Heatmap.2 function of the gplots package v3.1.1
(https://cran.r-project.org/web/packages/gplots/index.html
). Using Log2-transformed and normalized expression
values, heatmap images were generated, applying
Pearson's correlation to calculate hierarchical clustering.
Significant genes were calculated by measuring the
standard deviation for each row, then subsetting the
shortest interval covering half of the values in the data set
using the shorth function of the genefilter package v1.72.0
(https://bioconductor.org/packages/release/bioc/html/genef
ilter.html), and then calculating the adjusted p-value
according to FDR. PCA plots were generated using the
stats package's prcomp command and plotted using the
autoplot command of the ggplot2 package v3.3.2
(Wickham, 2009). GO enrichment analysis was performed
using the GOexpress package v1.24.0 (Rue-Albrecht et al.,
2016) with the following parameters: seed = 4543,
permutations = 1000, and random forest method was
selected.
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3. Results
In order to understand the impact of E-cad deletion in
ES cells, the previously generated mouse models and ES
cells where E-cad was replaced for N-cad as a knock-in
allele were used (Bedzhov et al., 2013). In the presence of
N-cad (either as ki/wt or ki/ki), ES cells retained the
pluripotency state as opposed to the E-cad ko/ko cells,
which lose the pluripotency. The functional loss of E-cad
expression in ES cells is not limited to loss of
pluripotency; this is why the N-cad knock-in (ki/ki) ES
cells present a unique model for studying the consequences
of E-cad depletion beyond pluripotency.
3.1. High correlation between wt and N-cad ki/ki ES
cells
We have previously shown that the N-cad ki/ki cells
resembled wt cells morphologically; they grow as compact
colonies on feeder cells and express key pluripotencyspecific genes (Bedzhov et al., 2013). This is a
continuation of the previous analysis to shed light on the
global changes in ki/ki and ko/ko cells. The first analysis
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revealed that ki/ki cells were closely related to wt cells
rather than ko/ko cells (Figure 1A). This remarkable
similarity is, of course, reflected by the previous findings
regarding pluripotency genes and is also reflected by the
morphological features mentioned earlier. Moreover,
correlation analysis revealed a remarkable 97% correlation
(Figure 1B). As expected, there was no statistically
significant correlation between the ko/ko cells compared to
either ki/ki or wt cells. These results confirmed once more
the functional redundancy of E-cad and N-cad in ES cells.
The global resemblance of gene expression profiles can
also be recognized by looking at a heatmap comparing the
three cellular models (Figure 1C). The three-way analysis
of samples highlighted the similarities and differences
between the three cell lines. However, careful examination
of the heatmap also unveils the slight differences between
ki/ki and wt ES cells (Figure 1C). This analysis was
followed by qPCR experiments to validate the expression
profiling results. Accordingly, the status of Cdh1 and Cdh2
(The official gene symbols for E-cad and N-cad,
respectively) expression was confirmed and reflected the
genotypic changes in both cell lines (Figure 1D)

Figure 1. The N-cad ki/ki ES cells are highly similar to the wt ES cells. A) Principal component analysis showing the high similarity
between ki/ki and wt cells. PC2 corresponds to less than 3% difference, while PC1 corresponds to more than 95% difference. B) Correlation
matrix indicating the percentages of similarity between the samples. C) Heatmap drawing of the expression values of all samples used in this
study, D-F) qPCR analysis of genes selected to verify the expression data obtained from microarray analysis. Experiments were performed
at least 3 times in triplicates. Error bars correspond to the standard error of the mean. Significant values were labeled with the asterisk.
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We have previously studied the expression levels of
pluripotency-related genes (Bedzhov et al., 2013). Here,
other developmentally relevant genes, such as Eomes, Klf4,
and Neurod1 (Figure 1E), as well as genes relevant to the
cadherin switching, were selected (Figure 1F). Overall, the
expression levels detected using qPCR confirmed the
signals obtained from microarray experiments' expression
profiles.
3.2. Common genes differentially expressed in ki/ki and
ko/ko ES cells
Studying the differentially expressed genes in ko/ko
cells compared to wt ES cells will reveal the impact of Ecad deletion on gene expression, which is reflected by

changes in ES physiology. These changes include the
known impact on pluripotency. Similarly, examining
differentially expressed genes between ki/ki and wt cells
will show the impact of the forced N-cad expression on ES
cells. Differential expression analyses of ko/ko-wt and
ki/ki-wt ES cells were performed using the R-package
limma with a cutoff of log2 0.6. The number of
differentially expressed genes in ko/ko ES cells was 3527
(Figure 2A), and in ki/ki ES cells, it was 1976 (Figure 2B).
To better understand E-cad's impact on ES cells, the
differentially expressed genes of ko/ko-wt and ki/ki-wt ES
cells were compared first. The common genes were
categorized into different groups, as illustrated in Figure 2.

Figure 2. Common differentially expressed genes. A-B) Heatmaps show 1335 differentially expressed genes in ki/ki and ko/ko ES cells.
C-D) Numeric representation of commonly expressed genes.

In total, 1335 genes differentially expressed in both
ki/ki-wt and ko/ko-wt comparisons are common. The
number of commonly upregulated genes was 245, while
206 genes were found downregulated. The Venn diagram
in Figure 2C shows the common and unique areas with the
number of genes depicted; the complete data is also

summarized as a matrix in Figure 2C. Of note here is the
difference in differentially expressed genes in both
comparisons. The number of differentially expressed genes
in ko/ko cells was about two times higher than in ki/ki
cells, attesting to the similarities between ki/ki and wt cells
(Figure 2C). As described in materials and methods,
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common genes differentially expressed were subjected to
sequential filtering to find significant genes. The number
of remaining genes that remained after applying the
adjusted p-value of 0.01 filter was 280 (Supplementary
Table S1). These genes were also plotted in the heatmap in
supplementary Figure S1 and revealed the remarkable
resemblance of ki/ki ES cells to their wt counterparts. The
heatmap view also revealed the subtle differences between
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ki/ki ES cells and wt cells. To better understand these
differences, subsetting the common differentially
expressed genes for the ki/ki and wt samples from the
dataset was performed and followed by applying the
filtering as done in the previous analysis. As a result, 179
differentially expressed genes in the ki/ki ES cells with an
adjusted p-value of < 0.05 were found (Figure 3A and
Supplementary Table S2).

Figure 3. Commonly upregulated and downregulated genes in the ki/ki ES cells. A) Heatmap of the common differentially expressed
genes in ki/ki cells. One hundred seventy-nine genes with an adjusted p-value of 0.05 or less were plotted here. Upregulated or
downregulated genes in both genotypes were subjected to GO enrichment analysis. The heatmap in B represents 95 genes that were found as
enriched.

3.3. GO enrichment analysis of common genes
differentially expressed in ki/ki and ko/ko ES cells
To determine the relevance of the differentially
expressed genes in ki/ki cells, commonly expressed upand downregulated genes were included in the GO
enrichment analysis. A total of 451 genes (245 upregulated
and 206 downregulated) were subjected to GO enrichment
analysis using the R-package GOexpress. This analysis
revealed significant enrichment in 95 genes belonging to
19 different biological processes. The expression pattern of
these genes is presented in the heatmap in Figure 3B. The
GO enrichment analysis revealed significant changes in
genes within the response to the drug biological process
(20 genes: ~14%).

Moreover, chromatin organization (18 genes: ~12%)
related genes and genes related to angiogenesis (14 genes:
~ 10%) were also significantly represented. A summary of
the GO enrichment analysis results is depicted in the pie
chart in figure 4A. Eighteen genes belonging to the
chromatin organization biological process were mainly
downregulated in response to Cdh1 depletion in the ki/ki
cells (Figure 4B), suggesting a positive correlation
between these biological processes and E-cad function. On
the other hand, genes related to EMT were found to be
upregulated in the ki/ki cells, suggesting a tendency to
shift to a mesenchymal state in the absence of E-cad
(Figure 4C).
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Figure 4. GO enrichment analysis identifies significant biological processes affected by E-cad depletion. A) Nineteen biological
process GO terms were enriched in ki/ki ES cells, and their percentage is represented in the pie chart. B) Chromatin organization genes were
mostly downregulated in ki/ki ES cells. C) EMT-related genes were upregulated ki/ki ES 1 cells.

Other gene groups are also presented in Supplemental
Figure 2. Of note, genes belonging to three developmental
processes were mapped in supplementary Figure S2; the
ossification gene group was mainly upregulated in the
absence of E-cad. In contrast, genes belonging to the
pituitary gland development were mainly downregulated in
the ki/ki cells. The neural tube development genes were

mixed (Figure S2A). Genes in the angiogenesis (Figure
S2B), apoptosis (Figure S2C), and response to drugs
(Figure S2D) were mainly upregulated as a result of E-cad
absence. A detailed description of all biological processes
represented by the 95 enriched genes is displayed in Table
2.
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Table 2: Detailed descriptions of the identified GO enrichment analysis showing significant biological process terms and corresponding
genes.
Data
Total
p.val
GO ID
GO Name
Gene ID
count
count
GO:0001503

ossification

Sparc, Bmp4, Gpm6b, Ifitm1, Ptn, Csf1

6

0.009

GO:0001525

angiogenesis

Ccn2, Ptgs2, Hs6st1, Jun, Syk, Itgav, Pecam1,
459
Bmp4, Casp8, Cemip2, Parva, Gab1, Pknox1, Nrp2

177

14

0.009

GO:0001837

epithelial to mesenchymal
transition

Mir7040, Tgfbr3, Hmga2, Rflnb

84

4

0.001

GO:0006325

chromatin organization

Satb1, Epc1, Dnmt3a, Dppa3, Prkaa2, Cecr2,
Asxl1, Kdm5a, Rcor1, Chd4, Brd1, Nsd1, Tbl1xr1,
Ctcf, L3mbtl3, Eya1, Smarca1, Nr3c1

610

18

0.001

GO:0008203

cholesterol metabolic process

Apoa2, App, Cyp7b1, Abcg1, Prkaa2, Vldlr, Cln6

170

7

0

GO:0009314

response to radiation

Ptgs2, Jun, App, Polh, Col3a1, Plk3

65

6

0.001

GO:0009749

response to glucose

Casp6, Ccn2, Apoa2, Trh, Fos, Nnat, Neurod1,
Selenot, Thbs1

143

9

0.002

GO:0010942

positive regulation of cell death

Prnp, Ccn2, Ptgs2, Cdkn1a, Bmp4, Dnmt3a

106

6

0.002

GO:0021915

neural tube development

Hes1, Sema3c, Cecr2, Sfrp1

94

4

0.006

GO:0021983

pituitary gland development

Hes1, Bmp4, Cdh1, Gli1, Hmga2

67

5

0

GO:0034097

response to cytokine

Casp6, Sparc, Ptgs2, Jun, Fos, Col3a1, Timp2,
Cited1, Cd38

141

9

0.006

GO:0034446

substrate adhesion-dependent
cell spreading

Itgav, Parva, Megf9, Antxr1, Itga8, Sfrp1

107

6

0.002

GO:0035019

somatic stem cell population
maintenance

Hes1, Tfap2c, Hmga2, Sfrp1

78

4

0.007

GO:0042493

response to drug

Ptgs2, Jun, Gstt1, Abcb1b, Cdkn1a, Map1b,
Dnmt3a, Fos, Slc1a3, Neurod1, Usp47, Timp2,
Adipor2, Srr, Ptn, Cdh1, Cd38, Cyba, Sfrp1, Thbs1

619

20

0.008

GO:0043525

positive regulation of neuron
apoptotic process

Casp6, PrnpvJun, Pmaip1, App, Pak3

153

6

0.007

GO:0045600

positive regulation of fat cell
differentiation

Frzb, Ccdc3, Sh3pxd2b, Zfp36, Sfrp1

90

5

0.007

GO:0051384

response to glucocorticoid

Adam9, Sparc, Ptgs2, Cdkn1a, Alpl, Kras, Dusp1,
Cdo1

126

8

0.01

GO:0071276

cellular response to cadmium ion Jun, Mt1, Fos, Mt2, Mt4

68

5

0.004

GO:1901998

toxin transport

78

3

0.009

Abcg1, Crtc2, Antxr1

4. Discussion
This manuscript addresses the impact of E-cad deletion
in ES cells while retaining the pluripotency state, taking
advantage of our previously published cellular model in
which the expression of N-cad as a knock-in allele in the
E-cad locus was performed. The expression profiles of ES
cells with deleted E-cad (the ko/ko cells) or N-cad as a
knock-in allele in the E-cad locus (the ki/ki cells) were
compared to the wild type ES cells using an in silico
approach. The analysis revealed a slight shift to the
mesenchymal gene signature by upregulating EMT-related
genes. On the other hand, a decrease in the expression of
chromatin organization-related genes was observed in the
absence of E-cad. The gene replacement model analyzed
here proved to be a powerful tool to study aspects of E-cad
biology. The first studies of replacing E-cad with N-cad
revealed that N-cad could not replace E-cad function
during the formation of the trophectoderm (Kan et al.,
2007); this was illustrated by the specific crosstalk
between E-cad and Igf1r signaling providing a survival
signal that cannot be reproduced when N-cad is expressed
instead of E-cad (Bedzhov et al., 2012). Several reports
described the essential role E-cad plays in defining the

identity of ES cells and the maintenance of stemness
(Chen et al., 2010, Soncin et al., 2011).
Furthermore, E-cad was also described as an essential
facilitator of the reprogramming of iPSCs; it could even
replace members of the Yamanaka cocktail used in iPSC
derivation (Li et al., 2010, Redmer et al., 2011). The high
homology between E-cad and N-cad results in a significant
redundancy in ES cells' pluripotency. As opposed to
trophectoderm development, ki/ki ES cells injected in
blastocysts can develop up to embryonic day E8.5,
showing that N-cad could replace E-cad in these chimeric
embryos (Bedzhov et al., 2013). Notably, the N-cad ki/ki
ES cells maintained pluripotency, and the resemblance of
the gene expression profile to the wild-type ES cells was
distinctive. Despite the global comparability of gene
expression profiles of N-cad ki/ki ES cells and the wildtype ES cells, subtle differences were observed. These
differences are evident when looking at subsetted
heatmaps encompassing genes within the biological
processes enriched using the GO enrichment analysis.
The results presented here suggest that the loss of Ecad in ES cells results in the foundation of a partial EMTlike state; while cells retain adhesive characteristics, due to
N-cad expression, they upregulate specific EMT
associated genes such as Zeb1 and Tgfbr3 and
downregulate essential epithelial genes such as Grhl3.
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Loss of Grhl3 was previously shown to result in a robust
mesenchymal phenotype during MET initiation (Alotaibi
et al., 2015). The effects of E-cad depletion have been
studied in the non-tumorigenic MCF10A cells. The cells
presented significant changes associated with tissue
remodeling and cell-substrate attachment proteins such as
ITGA1. On the other hand, they did not show a similar
increase in EMT-related genes (Chen et al., 2014). The
observed increase in Itga8 and Itgav gene expression is in
agreement with their findings. E-cad deletion also affected
several developmental genes, particularly the ossification
genes, and some of the neural tube development-related
genes were mainly upregulated. This was associated with
changes in differentiation genes and suggested a link
between the changes in the EMT-associated genes and the
development-related or differentiation-related genes.
Cellular reprogramming is known to include EMT and
MET (Li et al., 2010), and the differentiation state of cells
is also expressed in terms of epithelial-like or
mesenchymal-like. A recent report showed that a
sequential EMT/MET is required to differentiate hESCs to
the hepatic lineage. This process involves an autocrine
TGFβ signaling loop resulting in an upregulation of EMT
inducers and downregulation of E-cad expression (Li et
al., 2017). Concerning reprogramming, the observed
downregulation in the chromatin organization gene
signature was profound, except for Ctcf and Dnmt3a,
which regulate chromatin architecture and DNA
methylation. Epigenetic reprogramming is closely
associated with fate determination, differentiation, and
cellular reprogramming. Previous studies indicated a
critical role for E-cad in reprogramming MEFs into iPSCs
(Li et al., 2010, Redmer et al., 2011).
Furthermore, genetic ablation of E-cad prevented iPSC
reprogramming (Redmer et al., 2011, Bedzhov et al.,
2013). This reprogramming is associated with global
epigenetic reorganization, resetting the chromatin
infrastructure from a differentiated somatic state to an
undifferentiated pluripotent state (Hochedlinger and
Jaenisch, 2015). E-cad's importance to ES cells in terms of
pluripotency is well known, and its essential role in the
reprogramming to the pluripotent state is central to the
establishment of MET that precedes the pluripotency
network activation. In the absence of E-cad, the tendency
to shift to a more differentiated state as illustrated by
changes in chromatin organization genes and EMTassociated genes shed light onto new aspects of E-cad
functions in ES cells. It will be of great interest to
experimentally corroborate these novel findings, which
will significantly benefit the field of stem cell biology and
eventually personalized medicine. Stem cell therapy and
personalized medicine are considered the future of
medicine (Strauer and Kornowski, 2003). The scope of
personalized medicine goes beyond common diseases such
as cancer and is considered for developmental disorders or
rare diseases as well (Garcia-Castro and Singec, 2017).
Hematopoietic stem cells are used to treat leukemia (Tian
et al., 2016), and recent examples can also be seen in
studies related to Parkinson's disease (Parmar et al., 2020).
With this in mind, it is imperative to acknowledge the
importance of understanding changes in molecular
pathways and gene signatures when planning novel
therapeutics.
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