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ABSTRACT

Research on stem cells, particularly their differentiation into endothelial cells, is highly significant in
the field of biomedical science and regenerative therapy. Endothelial cells are crucial for blood vessel
formation, wound healing, tissue regeneration, and the treatment of degenerative diseases. Human
pluripotent stem cells can differentiate into various cell types, making them valuable for repairing or
replacing damaged tissue. This study reviews the role of markers in distinguishing human stem cells
into endothelial cells. A comprehensive literature search was conducted, and out of 428 screened
articles, only 4 met the inclusion criteria. SOXF proteins were analyzed using sSCRNA-seq analysis,
focusing on their role in enhancing stem cell differentiation. SOX17 was found to significantly
increase the percentage of cells expressing CD34+ and Vascular Endothelial Cadherin (VEC),
consistent with its known role in endoderm differentiation and endothelial cell specification. SOX17
can override pluripotency signals in human stem cells, triggering their differentiation into endothelial
cells. Overexpression of SOX17 in human stem cells resulted in cells with endothelial characteristics,
and combining SOX17 with FGF2 enhanced this effect, resulting in more than 90% of cells
expressing endothelial stem cell markers (CD34+, VEC+, CD31+). SOXF was applied to prompt stem
cell differentiation, with only SOX17 demonstrating notable effectiveness.
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INTRODUCTION

Research on stem cells has become a body. Stem  cells, functioning as
highly interesting topic in the field of undifferentiated  precursors,  demonstrate
biomedicine and regenerative therapy. One extraordinary regenerative capacities. Their
very important aspect of this research is the distribution within tissues across the human

differentiation of stem cells into endothelial
cells. Endothelial cells play a crucial role in
the formation of blood wvessels, which is
essential for wound healing, tissue
regeneration, and the treatment of various
degenerative diseases (Ellistasari et al., 2022).

The formation of cell type populations
derived from human pluripotent stem cells is a
crucial step in regenerative therapy, where
these cells have the potential to differentiate
into various specific cell types that can be used
to repair or replace damaged tissues in the

body is both diverse and specialized (Aprile et
al., 2024). Historically, the differentiation of
hPSCs was commonly accomplished via the
creation of embryoid bodies (EBs). The
blastocyst, formed after fertilization, has two
types of cells: the inner cell mass (ICM) and
the trophoectoderm (TE). The ICM induces
fetal development and regulates the
microenvironment, while the TE forms
extraembryonic supportive structures like the
placenta. ICM cells remain undifferentiated
and have the potential to become various cell
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types, including pluripotent, totipotent,
multipotent, and unipotent cells. Human
embryonic stem cells (hESCs) play a role in
the development of the entire body and can
differentiate  into  various cell  types
(Zakrzewski et al., 2019). Similar hESCs,
hiPSCs have the ability to differentiate into
cells forming the three germ layers. The
potential of hiPSCs lies not only in modeling
diseases and understanding early embryo
development but also as candidates for cell
replacement therapy and drug screening
(Itskovitz-Eldor et al., 2000; Pettinato et al.,
2014). Transcription factors (TFs) play a
crucial role in directing stem cell activity,
including maintaining their sustainability and
directing their differentiation (Tchieu et al.,
2019). The identification of heterogeneity
within  multiple  populations that have
undergone differentiation is achieved through
single-cell RNA sequencing (SCRNA-seq).
scCRNA-seq analysis has successfully identified
heterogeneity within endothelial cells (ECs)
and pancreatic beta cells (Paik et al., 2018;

MATERIALS AND METHODS

This study adopts a systematic literature
review approach to investigate the influence of
markers in the process of differentiating
human pluripotent stem cells into endothelial
cells. Detailed methodological steps are
undertaken to ensure integrity and accuracy in
the research process.

A research protocol is carefully
developed, including defining research
objectives, identifying inclusion and exclusion
parameters, and devising a comprehensive
literature search strategy. Literature searches
are conducted through various scientific
databases, including PubMed. Relevant
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Veres et al., 2019).

The differentiation of stem cells into
endothelial cells is influenced by various
factors, including the molecular markers used
during this process. These markers not only
function to identify the stages of cell
differentiation but also to guide stem cells to
effectively develop into endothelial cells. A
deep understanding of these markers is crucial
for improving the efficiency of cell
differentiation and the quality of the resulting
endothelial cells.

Treatment testing experiments involving
endothelial cells differentiated from stem cells
require strict control and a comprehensive
understanding of the biological processes
involved. This research focuses on the
influence of markers in the differentiation
process of stem cells into endothelial cells. By
understanding the impact of these markers, it
is hoped that new, more effective strategies
can be developed to support the development
of better and safer cell-based therapies.

keywords are used to retrieve articles relevant
to the research topic.

Selected studies are carefully screened
according to the inclusion and exclusion
criteria established in the protocol. These
criteria include topic relevance, study type,
publication year, and methodological quality.
Only studies meeting these criteria are
included in the review.

From the selection of articles and
subsequent data extraction, 4 articles met the
inclusion criteria, whereas 424 articles did not
and were excluded.
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Figure 1. Steps of systematic literature review

RESULT AND DISCUSSION

Table 1. Result of Article Review

Refference

Result

Ream et al., 2024

The combination of SOX17 overexpression and FGF2 treatment is highly
effective in generating endothelial progenitor cells with the potential to further
develop into functional endothelial cells

Irie et al., 2024

The balance between SOX17 and PRDML is crucial for determining the fate of
germ cells (cells that will develop into sperm or eggs). These two factors also
play a role in regulating endoderm differentiation, the inner layer of the
embryo that develops into internal organs such as the digestive tract and lungs

Mimura et al.,
2015

Fibroblast growth factor-2 (FGF-2) and Activin A work synergistically to
regulate the initial process of differentiating human embryonic stem cells
(hESCs) into neural cell pathways

Mossahebi-
Mohammadi et
al., 2010

The FGF family comprises 22 ligands that bind to four FGF receptors
(FGFRs). FGF/FGFR signaling governs a range of fundamental cellular
processes, encompassing cell viability, growth, movement, specialization,
embryonic growth, organ formation, tissue healing and renewal, alongside
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Refference

Result

metabolic functions

SOXF Factors and Enhanced Stem Cell
Differentiation

In a recent study, scCRNA-seq analysis
was performed to identify several SOXF
proteins. Ream and teams analyzed the SOXF
factors to see if their expression could enhance
stem cell differentiation. Some of the proteins
analyzed included SOXF SOX7, SOX17, and
SOX18. The results of the study conducted by
.Ream and teams showed that only SOX17
could increase the percentage of cells that
express CD34+ and Vascular Endothelial
Cadherin (VEC) (Ream et al., 2024).

The research findings of Ream and
colleagues align with those of a study
conducted by Irie et al., 2024, where the
presence of SOX17 is crucial as the SOX17
factor regulates endoderm differentiation (lrie
at al., 2024).

Mechanism of hPSC Conversion without
EP with the Assistance of SOX17
Expression

SOX17 plays a crucial role in
regulating the specification (determination of
identity) of endothelial cell lines (cells that
form the inner layer of blood vessels) as well as
in the process of endothelial cell regeneration.
This indicates that SOX17 has a significant
influence in controlling how endothelial cells
develop and in the process of endothelial tissue
healing or regeneration (Trinh et al., 2023).

The use of the positive control line
XLone ETV2 in the context of programming
human pluripotent stem cells (hPSCs). ETV2
can facilitate the programming of endothelial
progenitor (EP) from hPSCs (Wang et al.,
2020).

The advanced programming ability
possessed by SOX17 can override signals
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supporting the maintenance of pluripotent
status (the ability to develop into various cell
types) in human pluripotent stem cell (hPSC)
culture  media. This leads to their
differentiation, characterized by changes in
their morphology (shape and structure)
indicating the loss of pluripotent characteristics.
In other words, SOX17 expression can trigger
the differentiation process of hPSCs from a
pluripotent state into more specific forms
(Ream et al., 2024).

The Combination of SOX17 and FGF2
Enhances the Production of CD34+
VEC+ and CD31+ Cells, Supporting
Endothelial Progenitor (EP)
Differentiation

When SOX17 is overexpressed, it is
sufficient to produce cells expressing the
CD34+ and VEC+ markers (indicating
endothelial cell properties) in those hPSCs.
However, when FGF2 is introduced during the
programming process mediated by SOX17, it
results in a more specific cell generation, with
over 90% of these cells expressing the CD34+
VEC+ CD31+ marker, indicating that they are
endothelial progenitor cells (EPs). This
suggests that the combination of SOX17
overexpression and concurrent administration
of FGF2 can yield a stronger effect in directing
the differentiation of hPSCs into endothelial
cells (Ream et al., 2024). In line with previous
studies demonstrating that FGF2 also regulates
stem cell differentiation (Mimura et al., 2015).

FGF influences hematopoietic stem
cells, nerve cells, spermatogonia, prostate cells,
and mesenchymal stem cells derived from bone
marrow (Huang et al., 2015; Tian et al., 2019;
Mossahebi-Mohammadi et al., 2020). Several
members of the FGF family, such as FGF2,
FGF4, FGF6, FGF7, FGF8, and FGF9, have
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been reported to have significant impacts on
pluripotent stem cells (PSCs). This indicates
that FGF can play a crucial role in regulating
the differentiation pathways and growth of
pluripotent stem cells into various specific cell
types in the body. Fibroblast growth factor 2
(FGF2) plays a crucial role in maintaining the
pluripotent state (the ability to develop into
various cell types) of induced human
pluripotent stem cells (hiPSCs) and human
embryonic stem cells (hESCs) (Mossahebi-
Mohammadi et al., 2020).

CD34+, VEC+ and CD31+ as markers of
progenitor stem cell differentiation

The vascular endothelium, which is the
inner layer of blood vessels, is activated by
treating pluripotent stem cells that have been
programmed to become mesoderm cells using
VEGF-A (vascular endothelial growth factor)
and forskolin (a substance that stimulates
protein kinase A activity). Subsequently, these
vascular endothelial cells are identified using
the CD144 protein. These cells also exhibit
positivity for markers such as SOX17 and
several endothelial markers like CD31, CD34,

SUMMARY

Markers used to observe the presence
of stem cell differentiation activity include
CD34+, VEC+, and CD31+. These three
markers were observed through scRNA-seq
analysis. SOXF was administered to stimulate
stem cell differentiation. The stem cells were

BIBLIOGRAPHY

Aprile, D., Patrone, D., Peluso, G. and
Galderisi, u. (2024),
“Multipotent/pluripotent stem cell
populations in stromal tissues and

peripheral blood: exploring diversity,

34

von Willebrand factor (vWF), and PECAML. In
other words, these cells demonstrate
characteristics of wvascular endothelial cells
after induction and identification (Kennedy et
al., 2021).

The vascular endothelial cells are then
selected or identified using CD144 protein as a
marker. The protein CD34, identified almost
four decades ago, serves as a biomarker for
hematopoietic stem cell precursors. CD34 plays
a crucial role in various cellular aspects,
including growth regulation, cell
differentiation, adhesion, and morphogenesis
(Radu et al., 2023). The expression of CD34 is
observed in various types of cells, including
hematopoietic stem/progenitor cells,
multipotent stromal cells (MSCs), muscle stem
cells, interstitial cells, fibrocytes, and
endothelial stem cells (Baumheter et al., 1993;
Nielsen & McNagny, 2008; Radu et al., 2023).
The CD34 protein has the ability to enhance the
growth of progenitor cells, which are immature
cells with the potential to develop into various
specialized cell types in the body (Sidney et al.,
2014; Radu et al., 2023).

treated with SOXF, and only SOX17 was
proven to produce significant results. SOX17
has an important role in supporting endoderm
differentiation. The administration of SOX17
combined with FGF2 was shown to enhance
stem cell differentiation activity.

potential, and therapeutic applications”,
Stem Cell Research & Therapy, Vol. 15
No. 1, pp. 139.

Baumbheter, S., Singer, M. S., Henzel, W.,
Hemmerich, S., Renz, M., Rosen, S. D.



Journal of SCRTE, Vol. 8 No. 1 | 2024

and Lasky, L. A. (1993), “Binding of L-
selectin to the wvascular sialomucin
CD34”, Science, Vol. 262 No. 5132, pp.
436-8.

Ellistasari, E. Y., Kariosentono, H., Purwanto,
B., Wasita, B., Riswiyant, R. C. A,
Pamungkasari, E. P. and Soetrisno, S.
(2022), “Role of Exosomes Derived from
Secretome Human Umbilical Vein
Endothelial Cells (Exo-HUVEC) as Anti-
Apoptotic, Anti-Oxidant, and Increasing
Fibroblast Migration in Photoaging Skin
Models”,  Clinical, cosmetic  and
investigational dermatology, Vol. 15, pp.
1583-91.

Huang, Y., Hamana, T., Liu, J., Wang, C., An,
L., You, P, Chang, J. Y. F., Xu, J., Jin,
C., Zhang, Z., McKeehan, W. L. and
Wang, F. (2015), “Type 2 Fibroblast
Growth  Factor Receptor Signaling
Preserves  Stemness and  Prevents
Differentiation of Prostate Stem Cells
from the Basal Compartment”, The
Journal of biological chemistry, Vol. 290
No. 29, pp. 17753-61.

Itskovitz-Eldor, J., Schuldiner, M., Karsenti,
D., Eden, A., Yanuka, O., Amit, M.,
Soreq, H. and Benvenisty, N. (2000),
“Differentiation of human embryonic
stem cells into embryoid bodies
compromising the three embryonic germ
layers”, Molecular medicine, Vol. 6 No.
2, pp. 88-95.

Irie, N., Kobayashi, T. and Surani, M. A.
(2024), “Human Primordial Germ Cell-
Like Cell Induction from Pluripotent
Stem Cells by SOX17 and PRDM1
Expression”, Methods in molecular
biology, Vol. 2770, pp. 87-97.

Kennedy, C. C., Brown, E. E., Abutaleb, N. O.
and Truskey, G. A. (2021), “Development
and Application of Endothelial Cells
Derived From Pluripotent Stem Cells in
Microphysiological Systems Models”,
Frontiers in cardiovascular medicine, Vol.
8, pp. 1-6.

Mimura, S., Suga, M., Liu, Y., Kinehara, M.,
Yanagihara, K., Ohnuma, K., Nikawa, H.
and Furue, M. K. (2015), “Synergistic
effects of FGF-2 and Activin A on early
neural  differentiation  of  human
pluripotent stem cells”, In vitro cellular &
developmental biology, Vol. 51 No. 8, pp.
769-75.

Mossahebi-Mohammadi, M., Quan, M.,
Zhang, J-S. and Li, X. (2020), “FGF
Signaling Pathway: A Key Regulator of
Stem Cell Pluripotency”, Frontiers in cell
and developmental biology, Vol. 8, pp.
79.

Nielsen, J. S. and McNagny, K. M. (2008),
“Novel functions of the CD34 family”,
Journal of cell science, Vol. 121 No. 22,
pp. 3683-92.

Paik, D. T., Tian, L., Lee, J., Sayed, N., Chen,
. Y., Rhee, S., Rhee, J-W., Kim, Y.,
Wirka, R. C., Buikema, J. W., Wu, S. M.,
Red-Horse, K., Quertermous, T. and Wu,
J. C. (2018), “Large-Scale Single-Cell
RNA-Seq Reveals Molecular Signatures
of Heterogeneous Populations of Human
Induced Pluripotent Stem Cell-Derived
Endothelial Cells”, Circulation research,
Vol. 123 No. 4, pp. 443-50.

Pettinato, G., Vanden Berg-Foels, W. S,
Zhang, N. and Wen, X. (2014), “ROCK
Inhibitor Is Not Required for Embryoid
Body Formation from Singularized
Human Embryonic Stem Cells”, PLoS
One, Vol. 9 No. 11, p. €100742.

Radu, P., Zurzu, M., Paic, V., Bratucu, M.,
Garofil, D., Tigora, A., Gerogescu, V.,
Prunoiu, V., Pasnicu, C., Popa, F., Surlin,
P., Surlin, V. and Strambu, V. (2023),
“CD34—Structure, Functions and
Relationship with Cancer Stem Cells”,
Medicina, Vol. 59 No. 5, pp. 938.

Ream, M. W., Randolph, L. N., Jiang, Y.,
Chang, Y., Bao, X. and Lian, X. L.
(2024), “Direct programming of human
pluripotent stem cells into endothelial
progenitors with SOX17 and FGF2”,



Journal of SCRTE, Vol. 8 No. 1 | 2024

Stem cell reports, Vol. 19 No. 4, pp. 579-
95.

Sidney, L. E., Branch, M. J., Dunphy, S. E.,
Dua, H. S. and Hopkinson, A. (2014),
“Concise review: evidence for CD34 as a
common marker for diverse progenitors”,
Stem cells, Vol. 32 No. 6, pp. 1380-9.

Tchieu, J., Calder, E. L., Guttikonda, S. R.,
Gutzwiller, E. M., Aromolaran, K. A.,
Steinbeck, J. A., Goldstein, P. A., Studer,
L. (2019), “NFIA is a gliogenic switch
enabling rapid derivation of functional
human astrocytes from pluripotent stem
cells”, Nature biotechnology, Vol. 37 No.
3, pp. 267-75.

Tian, R., Yao, C., Yang, C., Zhu, Z, Li, C,,
Zhi, E., Wang, J., Li, P., Chen, H., Yuan,
Q., He, Z. and Li, Z. (2019), “Fibroblast
growth factor-5 promotes spermatogonial
stem cell proliferation via ERK and AKT
activation”, Stem Cell Research &
Therapy, Vol. 10 No. 1, pp. 1-4.

Trinh, L. T., Osipovich, A. B., Liu, B,
Shrestha, S., Cartailler, J-P., Wright, C.
V. E. and Magnuson, M. A. (2023),
“Single-Cell RNA Sequencing of Sox17-
Expressing Lineages Reveals Distinct
Gene Regulatory Networks and Dynamic
Developmental Trajectories”, Stem cells,
Vol. 41 No. 6, pp. 643-57.

Veres, A., Faust, A. L., Bushnell, H. L.,
Engquist, E. N., Kenty, J. H-R., Harb, G.,
Poh, Y-C., Sintov, E., Girtler, M.,
Pagliuca, F. W., Peterson, Q. P. and
Melton, D. A. (2019), “Charting cellular
identity during human in vitro [-cell
differentiation”, Nature, Vol. 569 No.
7756, pp. 368-73.

Wang, K., Lin, R-Z., Hong, X., Ng, A. H.,
Lee, C. N., Neumeyer, J., Wang, G.,
Wang, X., Ma, M., Pu, W. T., Church, G.
M. and Melero-Martin, J. M. (2020),
“Robust  differentiation of  human
pluripotent stem cells into endothelial
cells via temporal modulation of ETV2

36

with modified Mrna”, Science advances,
Vol. 6 No. 30, pp. 1-5.

Zakrzewski, W., Dobrzynski, M.,
Szymonowicz, M. and Rybak, Z. (2019),
“Stem cells: past, present, and future”,
Stem Cell Research & Therapy, Vol. 10
No. 1, pp. 68.



