Futuristic Trends in Biotechnology
e-ISBN: 978-93-6252-103-3
IIP Series, Volume 3, Book 5, Part 6, Chapter 2
EMBRYONIC STEM CELL MARKERS: AN OVERVIEW

EMBRYONIC STEM CELL MARKERS: AN
OVERVIEW

Abstract Authors

Molecules that are particularlyPeer zada Muttahir Aman
expressed in ES cells are called embryoridepartment of Biotechnology
stem cell (ESC) markers. For ESCentral University of Kashmir
pluripotent maintenance and self-renew&anderbal
processes to be characterised and clarifiddmmu & Kashmir, India.
as well as to facilitate clinical applicationsnuttahirenr@gmail.com
of ES cells, it is essential to understand
how they function. A crucial therapeutidarvaiz Y ousuf
difficulty is separating ES cells from otheDepartment of Zoology
cell types, particularly tumour cells tha€Central University of Kashmir
share similar markers. To address this, tanderbal
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sorting—are used to identify and extract
ESCs. Here, we go over many molecular
indicators of undifferentiated ESCs on the
cell surface and in general. It also lists
additional compounds, including as lectins
and peptides, that bind to ESCs with
different degrees of specificity and affinity.

The review also looks at markers that
overlap with tumour stem cells (TSCs),
which raises questions regarding whether
they should be wused singly or in
combination for cell isolation and
identification. This chapter introduces ESC
markers, including lectins and peptides, as
well as cell surface and general molecular
markers. The intricacy of marker selection
is brought to light, especially in light of
potential TSC overlap. By using this
knowledge, researchers can improve cell
separation procedures and advance the use
of ES cells in clinical settings.
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I. INTRODUCTION

Embryonic stem cells (ESCs) are a collection ofripbtent stem cells that a
obtained from the inner cell mass of the blastocygtich is an embryo in its ear
developmental stage [1]. These cells exhibit arraextinary capacity to sustain bc
pluripotency and selfenewal, which is a crucial characteristic for th@iospective clinice
uses [1)(Fig 1).

Undifferentiated

Embryonic | 8 Pluripotent
stem cells 4

Self renewal

Figure 1. Depiction of the different properties of Embryostem cell<A) Undifferentiated
cells Q PluripotencyC) Self —renewal property.

Pluripotency is the inherent potential of embryostem cells (ESCs) to under
differentiation into several cell lineages thatsexvithin living animals, while simultaneous
maintaining an undifferentiated state when culgdatin vitro. The aforemeioned
characteristic renders ESCs highly sorafter candidates for a range of therapeutic
regenerative medicine strategies

Nevertheless, a significant obstacle in the tharapepplication of embryonic ste
cells (ESCs) pertains to the acce and consistent differentiation between ESCsathdr
cellular entities, including tumour cells, in ordéo mitigate possible hazards &
complexities [1]. Therefore, it is crucial to corepend the precise gene expression pat
and discern unique afecular markers linked to embryonic stem cells@ES Markers have
vital role in facilitating the identification, sefion, and subsequent examination
embryonic stem cells (ESCSs).
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Considerable advancements have been achieveddnrehsrs in the identification of
many cell surface markers and generic moleculakenarthat can function as indications of
undifferentiated embryonic stem cells (ESCs), dmadly within the human species [1].
Furthermore, the significant contributions of preteengaged in many signalling pathways
towards the determination of cellular destiny haeen acknowledged. It is noteworthy that
several lectins and peptide analogues have exdilitdistinct affinity for embryonic stem
cells (ESCs), hence expanding the range of idengfynethods available [1]. Nevertheless, it
is crucial to recognise the presence of a hindrénaeoccurs as a result of the convergence
of embryonic stem cell (ESC) markers with thosesene in tumour stem cells. Therefore, it
IS imperative to take caution when employing thesekers for the purpose of identifying
and isolating embryonic stem cells [1].

Moreover, the understanding of the processes #watlate the pluripotency of human
embryonic stem cells (hESCs) has become a promarehformidable task in recent times.
Recent findings have revealed that human and mendeyonic stem cells (ESCs), despite
originating from similar embryonic sources, demaosigt variations in their regulation
mechanisms [2]. Hence, it is imperative to furtlexplore the understanding of these
molecular markers, as it holds significant valuenot only optimising the application of
embryonic stem cells (ESCs), but also in unravgllihe complex mechanisms governing
their ability to differentiate into many cell typesid sustain their capacity for self-renewal
[1]. In order to make significant progress in thelds of regenerative medicine and
developmental biology, it is crucial to possesh@dugh comprehension of embryonic stem
cell (ESC) markers and their function in the mamargce of pluripotency and self-renewal.
Smith et al. (2020) did a study wherein they id&di a novel surface marker, SALL4, as a
dependable sign of undifferentiated human embryst@m cells (hESCs) [3]. The utilisation
of this particular marker, in combination with webtablished markers such as OCT4 and
NANOG, has proven to be effective in precisely tifging and isolating human embryonic
stem cells (hESCs). This approach successfullyemdds the issue of overlapping tumour
stem cell markers [3].

Furthermore, numerous research have been condiucedmine the importance of
distinct signalling pathways in the regulation ddirppotency and self-renewal in embryonic
stem cells (ESCs). The Wnt signalling pathway heentrecognised as a significant factor in
regulating the destiny of embryonic stem cells (E5fd]. Upon initiation, this signalling
pathway initiates a cascade of intracellular preesghat ultimately result in the preservation
of embryonic stem cells' undifferentiated phenotypecontrast, the suppression of the Wnt
pathway facilitates the differentiation of embryosiem cells, underscoring its importance in
regulating the determination of cell destiny [4hel Hedgehog (Hh) pathway is another
significant signalling system that has been invdlve the maintenance of pluripotency in
embryonic stem cells (ESCs). The study conductetilgt al. (2019) demonstrated that the
Hedgehog (Hh) pathway has a crucial function irspreing the pluripotency of embryonic
stem cells (ESCs) via the modulation of GLI tramgen factors [5]. The aforementioned
discoveries offer significant contributions to aumderstanding of the complex signalling
networks that govern the differentiation of embngostem cells (ESCs), thereby opening up
possibilities for future therapeutic interventions. conjunction with surface markers and
signalling pathways, alternative molecules have alestrated potential in their capacity to
function as indicators of undifferentiated embryosiem cells (ESCs). For example, it has
been shown that short non-coding RNAs, specificatlicroRNAs (miRNAs), have a
substantial role in influencing the pluripotencydadifferentiation of embryonic stem cells
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(ESCs) [6]. The regulatory mechanism of gene esiesis facilitated by tiny RNA
molecules that selectively bind to messenger RNARNAS), thereby exerting an influence
on crucial physiological activities. Certain micfdRs (miRNAS), including miR-145, have
been recognised as inhibitors of embryonic sterh (&3C) pluripotency, facilitating their
specialisation into distinct cell lineages [6]. @ other hand, the functions of miR-302 and
miR-367 have been acknowledged in the preservatibrembryonic stem cell (ESC)
pluripotency and the suppression of differentiatif]. The aforementioned findings
underscore the complex regulatory network that gwehe behaviour of embryonic stem
cells (ESCs) and offer vital insights into theitgntial therapeutic uses.

Although these developments provide a substantiatribution to our comprehension
of embryonic stem cell (ESC) markers and their l&guy processes, there are still hurdles in
distinguishing the disparities between human andsadSCs. Research has demonstrated
discernible patterns of gene expression and epiigedeanges in both human and mouse
embryonic stem cells (ESCs), underscoring the m#ge$or additional inquiry [2]. An
example may be found in a study conducted by Chenl.e(2018), which illustrated
disparities in the regulation of X-chromosome inatton between human and mouse
embryonic stem cells (ESCs). This process is ofogtimportance as it plays a vital role in
preserving pluripotency [7]. The existence of simgqualities underscores the importance of
taking into account species-specific variations mvlextrapolating findings from mouse
embryonic stem cell (ESC) studies to human ESCs.

Embryonic stem cells (ESCs) hold significant patdrfor a range of therapeutic and
regenerative medicine strategies owing to theilquaicharacteristics of pluripotency and
capacity for self-renewal. The successful cliniapplication of undifferentiated embryonic
stem cells (ESCs) relies heavily on the identifaratand characterization of unique
molecular markers associated with these cells. i@erable progress has been achieved by
researchers in the identification of cell surfandicators, generic molecular markers, and
signalling pathways that exert an influence on gmibic stem cell (ESC) pluripotency and
self-renewal. However, it is important to use ocawtin order to differentiate between
markers of embryonic stem cells (ESCs) and thos&uwmiour stem cells. Moreover, the
comprehension of disparities between human and enendryonic stem cells (ESCs) poses
a considerable obstacle, hence requiring additiexaloration of regulatory mechanisms
specific to each species.

Future research endeavours should prioritise thmaresion of our comprehension
regarding embryonic stem cell (ESC) markers ana tespective roles. This will aid in the
advancement of safer and more efficient therapegmications. Through the utilisation of
embryonic stem cells (ESCs) and the elucidatioth@funderlying processes that govern their
ability to differentiate into various cell typesdasustain their own population, we have the
opportunity to facilitate significant progress ihet fields of regenerative medicine and
developmental biology. Consequently, this develapgmeresents the potential to
revolutionise the field of contemporary medicined @nhance the well-being of nhumerous
persons.

II. CELL SURFACE MARKERS

Cell surface proteins play a crucial role in redagy and differentiating cell types
due to their selective binding with signal molesul&@hese specialized membrane proteins
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can act as markers, aiding in the identificatiorsécific cell types. Howeer, it is important
to note that certain membrane markers overlappiitiy twmor cell types pose challenges
distinguishing embryonic stem cells (ESCs) withoampromising the integrity of the ct
membrane [1{Fig 2).

Obligate co-receptors

Soluble proteins

Transmembrane
spanning proteins

carbohydrate-
associated molecules

Surface
Proteins

Figure 2: Depicting the nature of different embryonic stert cerkers .Some markers ¢
surface proteins ,Some are carbohydrate based nbedegvhile others are transmembir:
based proteins , Soluble type of proteins and ether obligate «-receptors.

1. Stage Specific Embryonic Antigens (SSEA): SSEA indicators, which are identified
three monoclonal antibodies that target distindbahydrate epitopes linked to la- and
globo-series glycolipids, specifically SSI-1, SSEA3, and SSE-4, have crucial
functions in regulating cellular contacts on the surfaueng) developmental process
[3]. The SSEA1 antigen, also known as CD15/Lewis X, is promilyeptesent on th
outer membrane of prieaplantation stage murine embryos, as well as ingeells anc
teratacarcinoma stem cells in both mice and humans. Neskess, it is not present
human embryonic stem cells (hESCs) and human emiargancer cells, as indicated
previous research [4]. In addition to its presedoeing embryonic development, t
expression of SSEA-has been detected in multiple adult tissuesudief the oviduc
epithelium, endometrium, epididymis, as well astipalar parts of the brain and kidn
tubules [5]. It is noteworthy that the expressidnS&EA-1 exhibits an upward tre
during the process of differentiation in humansdbut it demonstrates a downward tr
during differentiation in mouse ce

In contrast, SSE-3 and SSEA4 are produced during the process of ooger
and are present in the cell membranes of oo, zygotes, and ear-stage embryos
undergoing cleavage [6]. Both SS-3 and SSEA4 markers are observed to be presel
undifferentiated monkey embryonic stem cells (EST#$e presence of SSI4 is not
observed in mouse embryonic stem cells (ESCs)it becomes evident after the proc
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of differentiation. This is particularly notable imuman embryonic germ (EG) cells,
human teratocarcinoma stem cells, and ESCs [7]. Sigrificance of these SSEA
markers as effective tools for identifying and auderising particular cell populations
during embryonic and tissue development is undeescby their presence and absence
patterns across different stages of developmentrawarious cell types.

2. Cluster of Differentiation (CD) Antigens. CD antigens are a collection of surface
proteins that fall into diverse classes, includimgtegrins, adhesion molecules,
glycoproteins, and receptors. These proteins plagrugial role in recognising and

characterising distinct cell types [8]. Numerous @btigens have been linked to both
mouse and human embryonic stem cells (ESCs). Bbemp human embryonic stem cells
(ESCs) exhibit the expression of CD9, CD24, CD13B90, and CD117, with CD133

additionally serving as a marker for hematopoisteim cells [9-11].

Integrins, which belong to the subclass of CD amtgy are cell surface receptors
that exist asu/p heterodimers and play a crucial role in facilitgticell adhesion to
adjacent tissues [12]. The aforementioned recepi@vital in several cellular processes
such as cell adhesion, signalling, migration, glgwaind survival [12]. Integrins cooperate
with several proteins, including cadherins, immuobglin superfamily cell adhesion
molecules, selectins, and syndecans, to promolidaretonnections and communication
both between cells and between cells and the etinsr matrix [13]. Integrins, which
are capable of binding to several constituentshefdxtracellular matrix (ECM) such as
fibronectin, vitronectin, collagen, and lamininc¢ilgate bidirectional signalling known as
outside-in and inside-out signalling. The procetutside-in signalling involves the
transmission of information from the extracellutaatrix (ECM) to the cell. On the other
hand, inside-out signalling refers to the activatad additional integrins, which enables
the cell to respond quickly and adaptively to altens in its surrounding cellular
environment [14].

The integrin family is comprised of manyandp subunits that interact to create a
wide range of integrin types, each exhibiting ueiguatterns of distribution within tissues
and overlapping specificities for ligands [16]. Theaintenance of stemness in
undifferentiated mouse embryonic stem cells (EStas)been shown to be influenced by
several integrins, namebbpl, avp5, a6p1, anda9pl [17]. Integrina6 (CD49f/CD29), a
protein weighing 120 kilodaltons and consistingtwb splice variantso6A and a6B),
serves as a receptor for laminins and facilitatdiilar adhesion processes on the basal
membrane [18]. The involvement of integwé (CD49f/CD29) has been shown to be
crucial in the homing of hematopoietic stem andyprotor cells to the bone marrow [19].
Similarly, in human prostate cancer cells, integitnhas been found to be significant in
influencing cell behaviour [20].

The significance of these integrins in embryonenstells (ESCs) is underscored
by their presence and functional activities, whadntribute to the establishment and
preservation of ESC niches [15]. Gaining a compmsive comprehension of the
complexities inherent in integrin-mediated sigmagli pathways and their intricate
interactions with the extracellular matrix (ECM)daather molecules present on the cell
surface would significantly contribute to the adeament of our current understanding of
stem cell behaviour. Moreover, such understandiitigyield useful insights that may be
used to the fields of regenerative medicine anduéisengineering, facilitating the
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development of innovative therapeutic approachesegtins have the potential to
function as viable targets for the regulation ofbeyonic stem cell (ESC) behaviour,
differentiation, and destiny determination. Thigyhtipotentially lead to the development
of therapeutic interventions and improvements enftéld of regenerative medicine.

3. TRA-1-60 and TRA-1-81: The antigens TRA-1-60 and TRA-1-81 are found ondgilé
surfaces of human embryonal carcinoma (EC) celts lmman pluripotent stem cells.
These antigens are useful indicators for the ifleation and isolation of embryonic stem
cells (ESCs) [21]. Furthermore, it should be ndteat these antigens are also seen to be
present in teratocarcinoma and embryonic germ,caflandicated by previous research
[22]. The TRA-1-60 antibody is capable of identifgi a specific epitope of a
proteoglycan that is susceptible to neuraminid&e.the other hand, the TRA-1-81
antibody is able to attach to a different epitogethe same molecule, which is not
affected by neuraminidase. It has been proposedthis particular epitope may be a
variation of the protein podocalyxin [23]. Nevelidss, it is imperative to acknowledge
that the presence of TRA-1-60 can also be idedtifiethe serum of individuals afflicted
with germ cell tumours. This presents a significalbstacle in utilising TRA-1-60 as an
exclusive indicator for embryonic stem cells [24].

4. Frizzled (Fzd): Fzd, belonging to the G-protein-coupled receptoPQR) superfamily
characterised by seven transmembrane-spanning densarves as a pivotal mediator in
the transmission of Wnt signals [25]. The N-terrirsection of the protein is
characterised by its significant size and extratadllocation. Within this region, there is
a domain known as the cysteine-rich domain (CRDijciv plays a crucial role in
enabling the binding of the protein to Wnt prot€i26]. The transmission of Wnt signals
occurs via the Fzd receptor family. Upon binding/ént proteins, Fzd receptors form a
complex with co-receptors LRP5 or LRP6. This corrpetivates the canonical WPt/
catenin pathway by blocking the phosphorylatiorg-aatenin by GSK3. Furthermore,

it should be noted that specific Wnt proteins hthesability to initiate the Fzd/Ca2+ and
Fzd/PCP (planar cell polarity) pathways, hence eaing the range of signal transduction
processes [27].

The PDZ domain of Dvl proteins, a crucial downstnesignalling component,
interacts with the intracellular C-terminus of Fzatereby establishing a connection
between Fzd and many intracellular signalling paysv[27]. The Fzd subfamily in
mammals consists of ten members, namely Fzdl td(FzZ@ihe expression of these
members in both mouse and human embryonic sters (EBCs) underscores their
importance in facilitating several signalling patys [28].

In addition, several Fzd receptors have the abibitgngage in interactions with
other secreted proteins, including Norrin and R+, thereby introducing intricacy to
their physiological activities [27]. These inteliaats have a role in the refinement of Wnt
signalling, therefore impacting the determinatidncell destiny and the progression of
developmental processes in embryogenesis. The range of Fzd receptors and their
participation in several pathways highlights theducial role in coordinating cellular
reactions to Wnt signalling stimuli. A thorough gomehension of the complexities
associated with Fzd signalling in embryonic steitbsq&SCs) could potentially serve as
a critical factor in harnessing their whole capé#bg for the advancement of regenerative
medicine and tissue engineering endeavours. Additionvestigation of the distinct
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functions and governing mechanisms of unique Fett£Fzd) receptors will enhance our
comprehension of Wnt signalling in embryonic steelisc (ESCs) and facilitate the
development of novel treatment approaches.

Stem Cell Factor (SCF or c-Kit Ligand): Stem Cell Factor (SCF), alternatively referred
to as kit-ligand, KL, or steel factor, is a cytokithat engages in interactions with the c-
Kit receptor (CD117) [29]. The SCF protein can berfd in two distinct states: as a
transmembrane protein and as a soluble protein.sbhéle stem cell factor (SCF) is

present in the form of a homodimer that is reldtedugh non-covalent interactions. This
dimer is characterised by glycosylation and exhibiotable secondary structural
elements, such as alpha helices and beta sheetactnmonomer of the stem cell factor
(SCF), there are two disulfide bridges that exmsbaighout the chain. Additionally, the

functional core of SCF, namely the N-terminal 14kidues, has been identified as
significant. This core is denoted as SCF1-141. Thgion under consideration

encompasses both the dimer interface and the ségmesponsible for binding and

activating the receptor Kit [29].

The transmission of signals by SCF occurs througlptocess of ligand-mediated
dimerization of its receptor, Kit. Kit is classifieas a type Il receptor protein-tyrosine
kinase and is closely associated with other recgpiocluding those for platelet-derived
growth factor (PDGF), macrophage colony-stimulatiagtor, Flt-3 ligand, and vascular
endothelial growth factor (VEGF). The binding of S@ Kit results in the initiation of
receptor dimerization and the activation of protiiimase activity [29]. Stem cell factor
(SCF) is observed to be present in diverse fibsiHlke cell populations and locations
associated with hematopoiesis, including the foetat and bone marrow. The cytokine
is of significant importance in the processes omatpoiesis, spermatogenesis, and
melanogenesis. The survival of differentiating eyobic stem cells is reliant on the SCF-
KIT pathway, which underscores its importance inegaing the fate of stem cells [30].
Considering the crucial functions of SCF in hemategpis and the maintenance of stem
cells, comprehending its regulatory mechanismsiatetactions with the c-Kit receptor
presents significant potential for the advancemehtregenerative medicine and
therapeutic interventions. Additional investigationto the SCF-KIT pathway and its
influence on the behaviour of stem cells will ent&arthe advancement of innovative
approaches aimed at harnessing the inherent cajesbdf stem cells for the purpose of
tissue repair and regeneration. Furthermore, thapoehensive investigation of the
complex network of signalling pathways associatath whe SCF receptor holds the
potential to enhance our comprehension of celligige determination and differentiation
mechanisms. This, in turn, may pave the way forehdlverapeutic strategies in diverse
medical domains.

Cripto (TDGF-1): The Cripto gene, alternatively referred to as teratcinoma-derived
growth factor-1 (TDGF-1), is responsible for encapa newly discovered human growth
factor that exhibits structural similarities to @pimal growth factor. During the process
of embryonic development, Cripto plays a crucideras a necessary co-receptor for
various transforming growth factg¥ (TGF{) ligands. These ligands include nodals,
growth and differentiation factor 1 (GDF1), and GDMn addition to its pivotal role in
embryogenesis, Cripto serves as an oncogene, yiisplalevated expression levels in
tumours and facilitating carcinogenesis via varimechanisms, including the stimulation
of mitogenic signalling pathways and the inhibitmiractivin signalling [31].
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1. TRANSCRIPTION FACTORS

Nuclear genes are of utmost importance in essebimbgical processes, wherein

Table 1: Nuclear Transcription Factorsand Their Characteristics. Embryonal
Carcinoma (EC) Célls, Neural Stem (NS) Cells

Nuclear
transcription factors

Characteristics

Oct-3/4

Mouse & human ES cells, EC cells

Sox?2 Mouse & human ES cells, EC cells, NS cells

KLF4 Mouse & human ES cells, EC cells

Nanog Mouse & human ES cells, EC cells

Markers

Rex1 (Zfp42) Mouse & human ES cells, EC cells

UTF1 Mouse & human ES cells, EC cells

ZFX Murine ES cells, human ES cells, hematopoietic ste
cells, EC cells

TBN Mouse, human inner cell mass

FoxD3 Murine ES cells, human ES cells, EC cells

HMGA2 Mouse & human ES cells

NAC1 Mouse & human ES cells

GCNF (NR6A1)

Mouse & human ES cells, EC cells

Stat3

Murine ES cells, Human ES & EC cells

LEF1, TCF3 Mouse & human ES cells, EC cells
Sall4 Mouse & human ES cells, EC cells
Fbxo15 Mouse ES cells, early embryos, and testis tissGe, E

cells

ECAT genes

ECAT11 (FLJ10884/ | Human & EC cells
L1TD1)
Ecatl Mouse oocytes, EC cells
ECAT9 (Gdf3) Human & EC cells
Dppa genes |
Dppa5 (ESG1) Mouse & human ES cells, EC cells
Dppa4 Mouse & human ES cells, EC cells
Dppa2 (ECSA) Mouse & human ES cells, EC cells

Dppa3 (Stella)

Mouse & human ES cells, EC cells, primordial germ

cells, oocytes, preimplantation embryos

Copyright © 2024 Authors

transcription factors serve as crucial modulatdérgeme expression. In typical circumstances,
certain transcription factors remain in a dormaatesuntil specific signal transduction events
occur, prompting their interaction with corresparglirecognition sequences. The presence
and role of distinct genes within the nucleus ardidative of the cellular response to

particular circumstances. Therefore, the monitoriggene expression can be utilised as
helpful indicators for distinct biological conditie. The transcription factors expressed in
embryonic stem cells (ESCs) are presentelinie 1.
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1. CORE Nuclear Transcription Factors: In the year 2006, Yamanaka et al. conducted an
experiment wherein they successfully produced paient stem cells from mouse
embryonic fibroblasts. This was achieved by inti@dg four specific factors, namely
Oct4, c-Myc, Sox2, and Klf4 [32]. After this sigimént advancement, induced
pluripotent stem (iPS) cells have been effectivggyerated from different somatic cells
through the overexpression of a specific group ehes. Nevertheless, there were
apprehensions over the potential tumorigenicitkdoh to the reactivation of c-Myc, as
around 20% of the children of induced pluripotetegns cells (iPS cells) developed
tumours [33]. As a response, scholars have devaedaltered procedure for the
development of induced pluripotent stem (iPS) c¢ellsich obviates the requirement of
the Myc retrovirus. This modification has led tonetable reduction in the presence of
non-iPS background cells and the consistent prasludf iPS cells of superior quality
[34].

Subsequent inquiries have indicated that the duyaafi reprogramming factors
can be diminished in instances where somatic eghsbit adequate levels of endogenous
complementing factors. In this particular caseyas shown that adult mouse neural stem
cells (NSCs) exhibited elevated amounts of endoger8px2 and c-Myc in comparison
to embryonic stem cells (ESCs). As a result, tldugion of Oct4, in combination with
either KlIf4 or c-Myc, proved to be enough in indugithe formation of induced
pluripotent stem (iPS) cells from neural stem cgMSCs) [35].

In recent scientific developments, researchers Imaade a significant discovery
indicating that the only expression of the transoon factor Oct4 is sufficient to directly
reprogram adult mouse neural stem cells (NSCs)anpturipotent state. This discovery
emphasises the essential role of Oct4 in the doeotersion of neural stem cells into
pluripotent stem cells, as it is both necessaryaméble of inducing this reprogramming
process [36]. Comparable findings were achieveoutin the utilisation of human neural
stem cells (NSCs) [37].

The advancements in induced pluripotent stem dBIB (cell) synthesis carry
significant ramifications for the fields of regeagve medicine and disease modelling.
Through a comprehensive comprehension of the fuedeahelements implicated in the
process of converting somatic cells into pluripotstem cells, scholars are able to
investigate novel paths for prospective therapeafpiplications and acquire significant
knowledge regarding the field of developmental &jgl and the aetiology of diseases. In
addition, the ongoing improvement of reprogrammeghniques guarantees a heightened
level of safety and dependability in the productodimnduced pluripotent stem (iPS) cells,
thereby enhancing their suitability for prospectilverapeutic uses.

* Octamer-binding Protein 4 (Oct4): Oct4, alternatively referred to as Oct3/4 or
POUSF1, is a member of the POU family of transaipffactors. It holds significant
importance in the regulation of stem cell pluripwg and differentiation [38]. The
functionality of these transcription factors reli@s the POU domain, whereas areas
outside the POU domain show minimal sequence ceasen and do not play a
crucial role in DNA binding [39]. The orthologousrges of Oct4 exhibit a high
degree of structural organisation and conservatimoughout several mammalian
species, including humans, bovines, mice, and48is
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Oct4 expression during early embryonic developngeptedominantly limited
to pluripotent and germ line cells, and it is sungd within the inner cell mass (ICM)
of blastocysts [41]. The differential expression ©tt4 is detected during the
differentiation of the inner cell mass (ICM) int@iblasts (primitive ectoderm and
embryonic ectoderm) and hypoblasts (primitive emdodand embryonic endoderm)
around 4.5 days post-coitum (dpc). The expressio®@ad remains present in the
epiblast, but as hypoblast cells undergo diffesgimin into visceral and parietal
endoderms, there is a temporary increase in Oabdeipr levels followed by a
subsequent decrease to levels that cannot be ekttt 7.5 days post coitum (dpc),
Oct4 expression undergoes gradual repression irepitdast during the process of
gastrulation [41].

The expression of Oct4 is also observed in pluepotell lines that originate
from the inner cell mass (ICM), epiblasts, and pmdial germ cells (PGCs),
including embryonic stem cells (ESCs), embryonigcicemma (EC) cells, and
embryonic germ (EG) cells, as long as these cefisitain their undifferentiated state
[41].

Moreover, Oct4 assumes a crucial function in thgulaion of gene
expression in the initial stages of developmentoerpassing Sox2, Fgf4, Rex1,
hCG, and Utfl. This involvement contributes to fiteservation of pluripotency and
the appropriate cellular differentiation [38].

A comprehensive comprehension of the regulatomsrplayed by Oct4 in the
realm of stem cell biology and the initial stagdsembryonic development is of
utmost importance in order to make significant pesg in the fields of regenerative
medicine, disease modelling, and reproductive teldgy. A comprehensive
understanding of the mechanisms underlying Oct4ised gene regulation and its
intricate connections with other pivotal transdoptfactors would greatly facilitate
the manipulation of stem cell destiny and the adearent of innovative treatment
approaches for diverse disease contexts. Ongoingstigation into the intricate
biochemical networks associated with Oct4 holds plo¢ential to unveil novel
findings that carry significant significance fortbdundamental scientific knowledge
and practical medical applications.

* Sry-related High-mobility Group (HMG) Box-containing (Sox) Family: Sox2,
which is a constituent of the Sox gene family, Isssified as one of the HMG box
transcription factors that engage in functionagiattions with POU domain proteins
[42]. Just like Oct3/4, the Sox gene family playsode in the preservation of
pluripotency. However, Sox2 is uniquely linked tailtipotent and unipotent stem
cells, whereas Oct3/4 is solely expressed in phteipt stem cells. It is worth
mentioning that Sox2 was among the initial genepleyed by multiple research
groups to induce induced pluripotent stem (iPS5s¢éB].

The Sox2 gene harbours a minimum of two distingul&ory domains that
exhibit unique activity within pluripotent embryancells. The reported expression
pattern of this gene closely resembles that of Oetich has been documented in
pre-implantation embryos of both humans and misewall as in several cell lines
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such as mES, hES, mEC, and hEC. In subsequensstagkevelopment, Sox2 and
Oct4 are concurrently expressed in post-migratamgnqrdial germ cells [44]. In
addition, it has been observed that in the ingtabes of mouse embryo development,
there is a simultaneous expression of Oct4, Sax2 oateopontin within the identical
cellular population. While Sox1 exhibits comparat##ficacy to Sox2 in the
generation of induced pluripotent stem (iPS) celisis worth noting that other
members of the Sox gene family, namely Sox3, Soathf,Sox18, also contribute to
the production of iPS cells, albeit with diminishefficiency [42].

Gaining a comprehensive understanding of the uniqles played by Sox2,
as opposed to Oct4 and other Sox genes, is crigidtnowing the complexities
involved in the control of pluripotency and the feientiation of stem cells. The
elucidation of crucial regulatory elements and rthaiteractions with other
transcription factors will yield significant knowdge regarding the molecular
mechanisms that govern cell fate determination. eédeer, this understanding will
present new prospects for utilising stem celleegenerative medicine and therapeutic
interventions. The continuous investigation in tkparticular domain exhibits
significant potential in enhancing our comprehensaf stem cell biology and
transforming medical therapies for diverse diseaselsdisorders.

* Krupplelike Factor (KIf) Family: The family of transcription factors known as
Kruppel-like factors (KIf) is of significant impahce in the regulation of diverse
biological processes, encompassing cell proliferatidifferentiation, development,
and apoptosis. The KIf family is distinguished e tpresence of three Cys2 His2
zinc fingers positioned at the C-terminus, whick separated by a highly conserved
H/C link. These factors exhibit comparable prefeemnfor various DNA binding sites
that are high in GC content, and they can engag®nmpetition with one another to
occupy these sites. In addition, it is worth notitigat KIf proteins exhibit a
considerable level of homology with the specifigitytein (Sp) family of zinc-finger
transcription factors, resulting in their compaealilinding patterns across many
genes.

KIf5, alternatively referred to as intestine-enedh Kruppel-like factor or
Bteb2, is a pioneering member of this gene familgttplays a crucial role in
developmental processes. According to a repdngstbeen observed that KIf5 plays a
direct role in regulating the transcription of Qdt3aand Nanog, two crucial factors
responsible for the renewal of embryonic stem o@ISCs) and the preservation of
their pluripotency [45]. In contrast, it has bedrserved that Klf4 and Klf2 exhibit
functional redundancy in their regulation of thdf-senewal and pluripotency of
embryonic stem cells (ESCs). In addition, they txegulatory control over the
transcriptional activity of many pluripotency-assted factors in embryonic stem
cells (ESCs), such as Nanog, Tcll, Esrrb, Sall4{3,TéMycn, and Fbxol5.
Nevertheless, it has been observed that individlifal are not essential for the self-
renewal of embryonic stem cells (ESCs), indicatihgt they may collectively
collaborate to regulate shared targets [46]. Widmbryonic stem cells (ESCs), it has
been observed that these Krippel-like factors jKHshibit a high degree of
colocalization within distinct genomic regions. $hfinding provides additional

Copyright © 2024 Authors Page | 248



Futuristic Trends in Biotechnology
e-ISBN: 978-93-6252-103-3
IIP Series, Volume 3, Book 5, Part 6, Chapter 2
EMBRYONIC STEM CELL MARKERS: AN OVERVIEW

evidence to support the notion that these Klfs wodether in a cooperative manner
to regulate genes associated with pluripotency. [47]

The complex interaction among members of the Kififpin the preservation
of pluripotency and the control of crucial tranption factors underscores their
importance in the field of stem cell biology. Thengprehension of the intricate
connections and regulatory mechanisms of Klfs admsthe elucidation of the
underlying processes involved in the self-renewal differentiation of embryonic
stem cells (ESCs). The aforementioned observapmssess significant potential in
the advancement of regenerative medicine and thet@papproaches through the
manipulation of pluripotency and stem cell destiay diverse clinical applications.
Further exploration of the KIf family and its int®nnectedness with other regulatory
variables will augment our understanding of stemll dmology and propel
advancements in medical research and therapetgiw@mtions.

* Nanog: The transcription factor Nanog is of utmost impodain the preservation of
pluripotency and self-renewal in embryonic stemlscéESCs) of both mice and
humans [48]. The study conducted by Chambers ei(48l) provided evidence
supporting the notion that Nanog plays a pivot& o the hierarchical organisation
of transcription factors, which ultimately determénthe identity of embryonic stem
cells (ESCs). The presence of Nanog mRNA has been i& pluripotent embryonic
stem (ES) cells and embryonic germ (EG) cells, e & in both mouse and human
embryonic carcinoma (EC) cells. However, the exgasof this gene is suppressed
at an early stage of embryonic stem cell (ESC)ediffitiation, which aligns with its
close connection to the identity of pluripotentnsteells. The limited expression of
Nanog corresponds to the temporary capacity for rgomic stem cell (ESC)
formation that is detected in the inner cell md&dW) during the initial stages of
embryonic development, but is no longer presermtr afiplantation [49]. Mitsui (50)
provided more evidence to support the importanc&lafog in the preservation of
pluripotency in mouse epiblasts and embryonic stells (ESCs). The role of Nanog
in facilitating embryonic stem cell (ESC) self-revad is not influenced by the
LIF/Stat3 pathway. ICMs lacking Nanog were unalleiteate epiblasts and instead
only produced cells resembling parietal endoderhe Tbss of Nanog resulted in a
loss of pluripotency in embryonic stem cells (ESUsading to their differentiation
into the extraembryonic endoderm lineage. This llagks the critical role of Nanog
in determining the identity of ESCs [51].

It is worth noting that Nanog mRNA is observed inrgotent mouse and
human cell lines, but its presence is missing ffed@ntiated cells. Nanog expression
is confined to founder cells during the process pyeimplantation embryo
development, from which embryonic stem cells (ESCah be produced. The
induction of embryonic stem cell self-renewal isilitated by the simultaneous action
of endogenous Nanog and cytokine activation of3St&he clonal proliferation of
embryonic stem cells (ESCs) can be achieved stiebugh the overexpression of
Nanog from transgenic constructs, without the nemuent of Stat3 activation, while
still maintaining Oct4 levels. The restoration gftakine dependency, multilineage
differentiation potential, and embryo colonisatmapacity occurs when the transgene
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is excised, highlighting the significant role of g in regulating pluripotency and
determining the destiny of embryonic stem celld.[51

The crucial role of Nanog in the preservation ofbeyonic stem cell (ESC)
identity and the ability to self-renew is a subjetsignificant study within the fields
of stem cell biology and regenerative medicine. Tamprehension of the molecular
mechanisms and regulatory networks associated Winog presents potential
opportunities for the manipulation of pluripotenagd the improvement of somatic
cell reprogramming into induced pluripotent steniscéPSCs). Understanding the
mechanisms of Nanog-mediated signalling pathways ieminteraction with other
essential transcription factors has significantonignce in leveraging the capabilities
of embryonic stem cells (ESCs) and induced pluapbstem cells (iPSCs) for diverse
clinical purposes such as tissue engineering, skseaodelling, and personalised
therapeutic interventions. Further investigatiortoinrNanog and its regulatory
mechanisms is expected to significantly enhance wnderstanding of stem cell
biology and facilitate the translation of this infmation into groundbreaking medical
therapies.

2. Reduced Expression 1 (Rexl or Zfp-42): The gene Rexl (Zfp42) is responsible for
encoding a transcription factor belonging to thecziinger family. This transcription
factor is known to be produced at high levels ithbmouse and human embryonic stem
cells (ESCs). The Rex1 protein is composed of fmac finger motifs and an acidic
domain, as stated in reference 52. Rexl was igitidiscovered in F9 embryonal
carcinoma (EC) cells, and its expression is redugezh exposure to retinoic acid (RA)
in order to promote cellular differentiation. ItheRits resemblance to Yyl, a conserved
evolutionary constituent of the polycomb-relatednptex [53]. Although the precise
mechanism of action of Rex1 remains elusive, itvedl recognised as a pluripotency
marker in several types of stem cells, such asiputéint adult progenitor cells and
amniotic fluid cells [54]. Previous research uirig traditional gene targeting techniques
has shown that Rexl is not necessary for the nmEnte of embryonic stem cell
pluripotency or embryonic development [55]. Therefo Rexl is predominantly
recognised as a pluripotency marker lacking fumaiamportance, similar to alkaline
phosphatase activity. The investigation of Rexiv®ivement in ESC differentiation was
conducted by generating Rex1l double knockout EStsli These lines exhibited
heightened expression of ectoderm, mesoderm, ataderm markers in comparison to
wild-type cells. This finding suggests that Rexaygl a restrictive role in retinoic acid-
induced differentiation in ESCs [56].

3. Undifferentiated Embryonic Cell Transcription Factor (UTF1): The transcriptional
co-activator UTF1 is known to engage in an inteoactvith the metal-binding motif of
activation transcription factor-2 (ATF-2), henceeding a crucial influence on the
initiation of embryonic stem cell (ESC) differeritan. The inhibition of UTF1 in
embryonic stem (ES) and cancer cells leads to mifsignt impediment or complete
obstruction of the differentiation process [57]. eTrexpression of this gene is
predominantly observed in pluripotent embryoniarsieells (ESCs), where it exhibits a
strong association with chromatin in both mouse Anthan ESCs. This association
potentially plays a role in preserving the essérg@genetic conditions required for
maintaining pluripotency [58]. The gene UTF1 haniso@ regulatory element that
exhibits preferential interaction with a complexsisting of Oct3/4 and Sox-2. Previous
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studies have demonstrated that Oct4 and Sox2 plalean regulating the expression of
UTF1 [60]. The efficacy of induced pluripotent stesall (iPSC) formation is greatly
enhanced by the co-expression of UTF1 with reprognang factors c-Myc, Oct4, Sox2,
and KLF4, in addition to the siRNA knockdown of p83l]. The presence of UTF1
MRNA has been observed in various regions of meuaseryos, including the inner cell
mass, primitive ectoderm, and extra-embryonic @s962]. The expression of this gene
is predominantly limited to pluripotent cells, sgeally the inner cell mass (ICM) cells,
within mouse blastocysts. Furthermore, its levedsitat a rapid decline when the cells
undergo differentiation [63].

. X-linked Zinc Finger Protein (ZFX): The ZFX gene is transcribed from the silenced X
chromosome and shares a similar structure witlcatsmterpart on the Y chromosome,
known as ZFY [64]. The transcripts of ZFX and ZF&ngs are responsible for encoding
proteins that possess amino-terminal domains ctearsed by high acidity, as well as
carboxy-terminal zinc-finger motifs that are rethteith the binding of nucleic acids.
Both ZFY and ZFX have the potential to act as trapsional activators that play a role
in the process of sex determination. Several aterely spliced transcript variants of
ZFX, which encode various isoforms, have been dsi and are potentially associated
with unique functionalities [65]. Previous reseaodnducted on mice using conditional
gene targeting techniques has provided evidendeaiialg that the presence of ZFX is
necessary for the process of self-renewal in bothrgonic and hematopoietic stem cells
[66]. Furthermore, it has been suggested that Z&X play a role in the proliferation and
expansion of B-cells, hence contributing to thentemance of lymphocyte homeostasis
[67].

Taube Nuss (Tbn): The Tbn protein, which exhibits a high degree ofssvation across
humans and mice, serves as the prototype for maigfroup of proteins that play critical
roles in several developmental processes. Thaatestr of this phenomenon is limited to
cells within the inner cell mass (ICM) and is caldior the viability of those ICM cells
[68]. The presence of Thn expression has also been in human embryonic stem cells
[69]. When Tbn is not present, the inner cell m@&€M) undergoes programmed cell
death, known as apoptosis. This disrupts the dujuiin between cell death and cell
survival in the early stage of embryos, ultimatelgding to the death of pluripotent ICM
cells. However, the trophectoderm cells manageiteige this process.

Forkhead Box D3 (FoxD3): FoxD3, belonging to the Forkhead box family, extsla
winged-helix DNA-binding conformation and assumegivatal function in the process
of embryogenesis [70]. The transcriptional regulatoquestion plays a crucial role in
maintaining pluripotency during the pre-implantatiand peri-implantation stages of
embryonic development in mice [71]. Additionally,is implicated in the process of
trophoblast production [72]. FoxD3 is an essentsdtor for the preservation of the
mammalian neural crest. Mouse embryos lacking FoxBxD3 (-/-)) exhibit failure
during the implantation stage, resulting in theesloe of structures derived from the
neural crest [73]. The study conducted by FoxD3akt (74) demonstrates the
collaborative role of Oct4 and Nanog in maintainpigripotency in embryonic stem cells
(ESCs).
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7. HMGAZ2: The architectural transcription factor, HMGA2, doest possess inherent
capability for direct transcriptional activatiom kontrast, it exerts control over gene
expression via modifying the structure of DNA thgauits interaction with AT-rich areas
and direct engagement with other transcriptiondiactThe HMGA2 gene has high levels
of expression and widespread distribution, and eitvess as a vital component in
embryonic development [75]. The promotion of selfiewal in stem cells is facilitated by
it, and a decrease in its expression has beeniassbavith the ageing of stem cells [76].
The expression of HMGAZ2 is often observed to be @sbdn normal adult tissues;
nevertheless, its overexpression or rearrangemanbben found to be related with the
development of several malignancies [77].

8. Nucleus Accumbens-1 (NAC1): NAC1, a nuclear factor classified within the Poxusi
and zinc finger/bric-a-brac tramtrack broad comp{E®X0Z/BTB) domain family, was
originally discovered within a distinct neuronatdbrain structure associated with reward
motivation and addictive behaviours [78]. The r&onent of HDAC3 and HDAC4 by
NACL1 is responsible for the repression of gene esgon in neuronal cells, with a
specific focus on co-repressing other POZ/BTB pnsten the central nervous system
[79]. The expression of NACL1 is increased in sdvimans of tumours, such as breast,
renal cell, and hepatocellular carcinoma, as wehigh-grade ovarian serous carcinoma.
In these tumour types, NAC1l has been associatedh whe development of
chemoresistance [80]. NAC1 is a constituent elenadnan expanded transcriptional
network within embryonic stem cells (ESCs), whiaglc@mpasses Oct4, Sox2, Nanog,
Salll, KLF4, and Sall4 [82].

9. Germ Cell Nuclear Factor (GCNF): GCNF, alternatively referred to as nuclear receptor
subfamily 6 group A member (NR6AL), is classifiesl an orphan member within the
superfamily of nuclear receptor genes [83]. Theresgion of this gene occurs during the
development of the nervous system, as well asréitpiar stages of germ cell maturation
in the adult ovary and testis. The involvement &N& in several biological processes
such as gametogenesis, neurogenesis, and properyameb development during
gastrulation has been suggested [89]. The inaaiivabf GCNF in mice results in
aberrant posterior development, compromised midlatavelopment, inadequate closure
of the neural tube, and eventual embryonic moyt§8i0]. The GCNF protein functions as
a transcriptional repressor for the Oct4 and pratargenes, and it plays a crucial role in
regulating gene expression during embryonic devetyg and the formation of sperm
cells [91].

10. Stat3: The protein Stat3, which plays a critical role ignalling for various cytokines
and growth factor receptors, is of utmost imporéant the developmental process of
murine foetuses [94]. Stat3 activation in mouse motic stem cells (ESCs) occurs
through the binding of leukaemia inhibitory factatF) to the LIF receptor. This binding
event triggers the translocation of Stat3 into miueleus, subsequently resulting in the
activation of many downstream genes such as 9dif4, and KLF4 [95]. The induction
of ESC differentiation is observed when Stat3 ippsassed [96], but the continuous
activation of Stat3 keeps ESCs in an undiffereatiagtate, even in the absence of LIF
[97]. The constitutive activation of Stat3 has bebéserved in a range of human tumours
[98], and it has been found to have carcinogenpities [99] as well as anti-apoptotic
activities [100]. The process of transcriptionaltiation is governed by the
phosphorylation event occurring at the tyrosinedies 705, which subsequently triggers
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dimerization, facilitates nuclear translocationdaenables DNA binding [101]. The
process of phosphorylation at the serine 727 resithcilitated by either the MAPK or
MmTOR pathways, seems to have an impact on theatgulof transcriptional activity
[102]. The levels of Stat3 isoforms, namely Sta{86 kDa) and Staf3(79 kDa), exhibit
variability based on factors such as cell type,osxpe to ligands, or stage of cell
maturation [103].

LEF1 and TCF: LEF1 and TCF are members of the HMG DNA-bindingtgiro family

of transcription factors, which encompasses lymgteihancer factor 1 (LEF1), T-cell
factor 1 (TCF1), TCF3, and TCF4 [104]. Initially arfacterised as regulators of early
lymphoid development (reference 105), LEF1 and Tdkfction as downstream
effectors in the Wnt signalling pathway. The birgliof these molecules to specific
regions known as Wnt response elements facilitéwe$ormation of docking sites f@
catenin. Upon activation of Wnt signallinfscatenin is then transported to the nucleus,
where it plays a crucial role in promoting the samption of target genes. The expression
of LEF1 and TCF proteins undergoes dynamic chartgesughout the process of
development, and the Wnt signalling pathway is afvadly activated in several cancer
types, such as colon cancer [106]. The protein TOFR8N referred to as TCF7L1, plays a
pivotal function in the integration of Wnt signallj with the regulation of stem cell
differentiation [107].

SALL Family: The SALL gene family, commonly referred to as Hsaknown to exert
significant influence on the regulation of develanmtal processes across diverse animals.
The set of genes known as SALL1, SALL2, SALL3, &AL L4 were first isolated from

a DNA sequence that showed similarity to the salegéound in Drosophila [108].
SALL4 plays a crucial role in the regulation of @a&nd is necessary for maintaining
pluripotency in embryonic stem cells [109]. The leépn of Sall4 in mouse embryonic
stem cells (ESCs) leads to their redirection towadh@ trophoblast lineage when cultured
in an environment without feeder cells. Althoughi&alays a crucial role in stabilising
embryonic stem cells (ESCs), it is not necessaryttie maintenance of pluripotency
[110]. SALL4 and Oct4 play a crucial role in mainiag the equilibrium of gene
expression within the SALL gene family, specifigat relation to Salll and Sall3, which
are expressed in both murine and human embrycenc sells (ESCs). The elimination of
Salll and Sall3 in mice results in neonatal mdstads a consequence of developmental
abnormalities [111].

F-box 15 (FBXO15): FBXO15, which belongs to the F-box protein familgdais
distinguished by a 40-amino acid F-box motif, hasrbidentified as a newly discovered
target of Oct3/4. Nevertheless, it has been estaddi that ESC self-renewal,
development, and fertility are not essential [1I2}je expression of FBXO15 is mostly
observed in undifferentiated mouse embryonic stetls (ESCs), and its expression
diminishes quickly following the deactivation of 36}. The expression profile of this
gene closely resembles that of Oct3/4 and is pretmtly limited to embryonic stem
cells (ESCs), early-stage embryos, and testicidsné.

ESC Associated Transcript (ECAT) Genes: The ECAT genes are key components in
the field of stem cell biology. The gene ECAT1 ésponsible for encoding an RNA-
binding protein that has a K homology (KH) domdihis protein is produced exclusively
in oocytes of mice [113]. The study identified ECAd&s Nanog, a key regulator involved
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in the maintenance of both mouse embryonic stets GelESC) and human embryonic
stem cells (hESC) [114]. The study identified ECAd% ERas, an oncogene similar to
Ras, which plays a role in regulating the prolifena of embryonic stem cells [115]. The
growth and differentiation factor 3 (GDF3), knows1t BCAT9, was discovered to have a
crucial role in maintaining pluripotency in mousmlayonic stem cells (MESCs) by
blocking the signalling of bone morphogenetic pro{@MP) [116]. The gene ECAT11,
alternatively referred to as FLJ10884 or L1TD1, ibih high levels of expression in
undifferentiated human embryonic stem cells (hE3&search findings have indicated
that L1TD1 is a downstream effector of Nanog and ba employed as a valuable
indicator for the identification of undifferentiatdduman embryonic stem cells [117].

15. Developmental Pluripotency-associated (DPPA) Genes. The DPPA molecules,
including a cluster of five proteins, are desigdasés a collection of Oct4-related genes
and function as indicators for pluripotent cells tine early stages of embryonic
development and germline formation. DPPAD, altevedt referred to as ESG1, is a
protein that has a KH domain and is expressed ith G cells and ESCs. This
characteristic renders it a promising candidatea asarker for ESCs [118]. The gene
DPPA3, commonly referred to as Stella, exhibitsregpion in primordial germ cells,
oocytes, preimplantation embryos, and pluripoteritsd119]. The protein in question
functions as an indicator of pluripotency and igolwed in various cellular processes
such as transcriptional repression, cell divisiamg the preservation of pluripotency in
both mice and humans. Germ cell tumours have beewrsto exhibit intron-less loci
that are closely associated. This finding has loemumented in a study [120]. According
to the literature, DPPA4 has been identified asuelear factor that is connected with
active chromatin. It has a role in controlling ttiéferentiation of embryonic stem cells
into a primitive ectoderm lineage [121].

IV.SIGNAL PATHWAY-RELATED INTRACELLULAR MARKERS

Multiple intracellular signalling channels are @most importance in the preservation
of embryonic stem cell (ESC) self-renewal and jploréncy. Consequently, these pathways
serve as significant indicators of ESC destiny. Timedamental signalling pathways that
govern the self-renewal and pluripotency of embiyatem cells (ESCs) encompass LIF-
STAT3, BMP-SMAD, TGFg/Activin/Nodal, IGF-IR, FGFR, and Wrfi-catenin [122]. The
importance of LIF-STAT3 and BMP-SMAD in maintainintpe self-renewal of mouse
embryonic stem cells (ESCs) has been well-docurdgit23]. However, it should be noted
that LIF-STAT3 is not found to be active in undifatiated human embryonic stem cells
(hESCs) [124]. The BMP signalling pathway has beemd to have a substantial impact on
both mouse and human embryonic stem cells (ES@$§).[However, it is worth noting that
the upstream effectors and resultant consequeridbsgssystem typically exhibit variations
between the two species. As an illustration, BMBé4 been observed to sustain pluripotency
in mouse embryonic stem cells (MESCs), while pramgptrophectoderm development in
human embryonic stem cells (hESCs) [126, 127]. Tla@sduction of BMP signals is
facilitated by SMAD proteins, which regulate thepsession of downstream genes by
interacting with other DNA-binding proteins withthe nucleus. Notably, SMAD1/5/8 have
elevated expression levels, making them potentaakers for embryonic stem cells [128].

The Wnt and TGH/Activin/Nodal signalling pathways play a criticable in
promoting self-renewal in both mouse and human gartic stem cells (ESCs). The W/
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catenin signalling pathway, which plays a crucaérin cellular proliferation and embryonic
development [129], exhibits significant expressionembryonic stem cells (ESCs) and
governs their capacity for pluripotency [130]. Téfere, it might be regarded as an indicator
for embryonic stem cells (ESCs). Members of thadfaming growth factor-beta (TGF}-
family are involved in determining the fate of hum@mbryonic stem cells (hESCs) [131].
The maintenance of human embryonic stem cell (hEf@j)potency and the upregulation of
Oct4 and Nanog transcription require the activattdnSmad2/3 and Smad4 through the
Activin/Nodal signalling pathway [132]. Therefor,is possible that Smad2/3 and Smad4
could function as indicators in human embryoniarsteells (hESC). Table 2 provides a
summary of the potential markers associated witsdtpathways.

Table 2: Different Markers, Characteristics and Classification of Embryonic Stem Cells

Markers Characteristics Classification
SMAD1/5/8 | Mouse ES cells, embryonal | Smad proteins ((R-Smad), BMP
carcinoma (EC) cells signalling pathway

SMAD4 Mouse ES cells, human ES | Smad proteins (Co-SMAD),
cells, embryonal carcinoma | TGF- /Activin/Nodal signalling
(EC) cells, early embryos, an| pathway, BMP signalling
testis tissue pathway

SMAD2/3 | Human ES cells, embryonal | Smad proteins ((R-Smad), TGF-
carcinoma (EC) cells B /Activin/Nodal signaling

pathway

p-catenin Mouse ES cells, human ES | Transcription activators, Wi/
cells, embryonal carcinoma | catenin signaling pathway
(EC) cells

V. ENZYMATIC MARKERS

Both mouse and human embryonic stem cells (ESGapdstrate increased amounts
of alkaline phosphatase and telomerase. The expnes$ alkaline phosphatase is highly
pronounced on the cellular membrane of embryoremstells (ESCs). In the context of
humans, the antibodies TRA-2-49 and TRA-2-54 h&eedapability to identify and detect
alkaline phosphatase. Enzymatic-based reactionsa@ranonly employed for detection in
murine cells [133]. Therefore, the utilisation ®kaine phosphatase labelling has proven to
be a dependable technique for the identificatioth @raluation of pluripotency in embryonic
stem cells (ESCs). The National Institutes of HeéNIH) stem cell resource website has an
extensive compilation of various markers, which dan accessed at the following link:
http://stemcells.nih.gov/info/scireport/appendispieii.

VI.OTHER MARKERSI

In recent investigations, scholars have undertalkkeaxamination of the utilisation of
diminutive compounds, such as lectins or abbredigieptides, which exhibit a targeted
affinity towards surface receptors on embryonianstells (ESCs). By employing quantum
dots (QD) or fluorescence dyes, these compoundsseare as markers for the purpose of
labelling, identifying, and isolating embryonic steells (ESCs).
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1. Lectins: Lectins are a class of proteins that has the whititbind to carbohydrates,
specifically recognising a wide range of sugardatres. This characteristic renders them
highly useful in the field of recognising and chaeaising glycosylation patterns on the
surface of cells [134]. The utilisation of their plipation has played a role in the
demarcation of embryological developmental phasesertain species and has aided the
examination and recognition of distinct cell tygésough the analysis of cell surface
carbohydrate presentation [135]. During the preanfdtion and implantation periods of
development, lectin receptors, which are glycarmé #ne regulated by development, are
observed on the cell surfaces of mouse embryoasit sells (ESCs) [136]. Lectins have
demonstrated their utility as markers in the idesdtion of retinal progenitor cells
produced from mice embryonic stem cells (ESCs) tfansplantation therapy [137].
Additionally, lectins have been employed in theastgation of differentiated human
ESCs [138]. Furthermore, lectins have been utiliasdindicators to delineate several
phases of mouse embryogenesis and to charactestsecdsubsets within colonies of
adherent human embryonic stem cells (hESCs).

2. Peptides Specific for ES Cells: The fundamental importance of identifying ligantatt
bind to specific cell targets lies in the fact thedeptor-ligand interactions are involved in
a wide range of cellular biological processes. Thas significant implications for the
creation of drugs, biomaterials, and diagnosticlstdd39]. The utilisation of phage
display technology has proven to be a remarkaligcgfe approach in the identification
of previously unknown biomarkers [140]. The teclugyl encompasses the fusion of
nucleotide sequences of arbitrary polypeptides wifthage coat protein, facilitating the
exhibition of chimeric proteins on the surface loé {phage. By employing a process of
targeted selection, a collection of phages can dreemgted that exhibit progressively
enhanced affinity for the desired target. Ligandst have been found by phage display
screens has the ability to selectively bind to ipakar places on target cells, hence
functioning as markers that facilitate the recagnitand isolation of those cells. Previous
studies have documented the existence of varioog geptides that are specifically
designed for Rhesus Monkey Embryonic Stem CellE8&s) and mouse ESCs. These
peptides have been chemically linked with quantwts,desulting in a targeted approach
for ESCs [141]. Specific peptides targeting humarbeyonic stem cells (hESCs) and
human embryonal carcinoma cells (ECs) have also loescovered (Reference 142).
When embryonic stem cells (ESCs) were cultivatedselfrassembled monolayers that
presented certain peptide sequences, they exhibitedexpression of pluripotency
markers at levels similar to those observed whétur@d on Matrigel [142].

VIl. MARKERSOVERLAPPING WITH TUMOR STEM CELLS

Adult stem cells possess distinct attributes teatlsem apart, such as their extended
lifespan, ability to regenerate themselves, andalodipy to differentiate into many cell
lineages. These distinctive features render adeln scells indispensable in both typical
physiological processes and pathological state®][1When the ability of stem cells to
differentiate is compromised and their capacityptoliferate becomes unregulated, these
altered stem cells may develop tumorigenic chariaties, leading to the formation of cancer
stem cells (CSCs) or tumour stem cells (TSCs) Haate substantial involvement in the
process of carcinogenesis. Cancer stem cells (Cl&®) been successfully extracted from a
range of bodily organs, such as the breast, bhaimod (specifically leukaemia), skin
(melanoma), head and neck, thyroid, cervix, anddui41l]. In recent research, a variety of
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CSC markers have been employed to differentiateoturoells from normal tissues [142]. It
is noteworthy that embryonic stem cells (ESCs) aadcer stem cells (CSCs) exhibit a
considerable overlap in marker gene expressions Bbservation gives rise to potential
apprehensions regarding the use of ESC transplants.
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