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Abstract  

Stem cells are heterogeneous and undifferentiated cells with the potential 

to differentiate into several lineages. From past decades to the present time, 

it has been shown that stem cells have an immense role in the conduction of 

in vitro studies and modeling of diseases. Different stem cell categories, such 

as TSCs1, ESCs2, and iPSCs,3 exhibit great potential for differentiation into 

the embryonic lineages of cells and therapeutic applications. Compared to 

these cells, multipotent stem cells, like HSCs4, MSCs5, and NSCs6, possess 
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a limited differentiation capacity but promote tissue repair and homeostasis in 

adults. Besides, prenatal stem cells like umbilical cord blood and WJ1 stem 

cells possess significant immunomodulatory properties. The emergence of 

sophisticated culture approaches such as organoid technology, 

CRISPR/Cas9 gene editing, and multi-omics analysis has improved the 

regenerative properties of stem cells and enabled interventions based on a 

person’s unique characteristics. Here, in this chapter, the taxonomy of stem 

cells with the application of various philosophical constructs in terms of the 

hierarchy of development potential, origin, tissue-specific functional diversity, 

and experimental characteristics will be discussed. 

Keywords: Stem cells; Potency Hierarchy, Pluripotency, Multipotency, 

Regenerative Medicine 

1. Introduction  

Stem Cells are certain cell types with self-renewal and differentiation 

properties [1]. The self-renewality is orchestrated by asymmetric or 

symmetric cell division, while these cells have the potential to differentiate 

or commit into specialized and functional [2]. It has been thought that these 

properties make stem cells unique compared to mature cells. Therefore, 

these features have important key roles in the development, maintenance, 

and regeneration process. Of note, various types of stem cells have been 

identified due to breakthrough advances in molecular and developmental 

biology [3, 4]. Historically, the framework associated with stem cell 

classification started with the conduction of early embryological research 

and accelerated with sophisticated technological developments [5]. The 

identification of totipotent cells was first done in early mammalian 

embryonic development, followed by the discovery of pluripotent stem 
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cells in both mouse and human embryos [3]. In later developmental stages, 

multipotent stem cells have been detected in various tissues [6, 7]. 

To be specific, the classifications of stem cells are based on a variety of 

organizational systems, biological parameters of interest related to 

development, disease, and regenerative principles [8]. Depending on 

regenerative potential, stem cells encompass totipotential, pluripotential, 

multipotential, oligopotent, and unipotential types [9]. In terms of origin, these 

cells are classified into ESCs1, adult, perinatal, and induced stem cells [10]. It 

is also possible that these cells are named based on anatomical source, such 

as HSCs2, MSCs3, NSCs4, and epithelial stem cells [11]. The existence of 

stem cells, known as CSCs5, has also been indicated inside the tumor 

masses or blood cancers with the potential to advance the metastasis and 

formation of premetastatic foci [12]. The translational significance of 

classifying stem cells helps develop disease modeling, drug screening, 

personalized medicine, and tissue engineering, as a strict scheme of 

classification becomes paramount at their interface [8]. Therefore, 

contemporary stem cell classification is based on multiple organizational 

frameworks, each reflecting distinct biological dimensions relevant to 

developmental biology, disease modeling, and regenerative medicine.  
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Figure 1. The timeline of discovery and advances in basic research and clinical 
applications of stem cells. Reproduced with permission. [13]. Signal Transduction and 
Targeted Therapy. 2022 

2. Classification of stem cells based on developmental potential  

Development potential is one of the primary tools for stem cell 

categorization, which includes a hierarchical limitation in terms of 

differentiation capacity along with embryonic development (Table 1) [14]. To 

be specific, this categorization is related to the potential for commitment into 

various cell lineages, starting from the highest potential status to generate all 

cell types [15]. The cell with the highest potential is the TSCs with the putative 

properties to orient into an entire organism. Besides, these cells exhibit the 

capacity to be sampled and expanded under laboratory conditions [16].  These 

can easily mature into all embryonic cells, leading to the development of the 

fetus and extraembryonic tissues such as trophectoderm, which further 

produce the placenta and yolk sac. Zygote and blastomere cleavage-stage 
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embryos are TSCs, which undergo epigenetic changes and transcriptome 

alterations by advancing embryo development [17, 18]. Monitoring the 

molecular profile has revealed the existence of developmental circumstances 

in these cells over time. In the zygote, the cell division initiates before 

implantation with interconnected cells [19]. Upon 8 to 16 cell stages on day 4 

post-fertilization, the compaction phenomenon is initiated, resulting in the 

generation of a fluid-filled blastocyst composed of trophectoderm and the 

ICM1 (Figure 2) [20].  

 

Figure 2. Totipotency in in vivo and in vitro conditions. Following fertilization leads to the 
generation of a totipotent zygote with the potential to develop into a fetus. It is suggested 
that in vivo totipotency is a transient condition in the zygote (a). In vitro totipotency (b). 
Totipotency can be stimulated in ESCs and early cleavages using culture medium 
supplemented with a defined cocktail. Using a 3D culture system, the totipotency can be 
induced via self-organization into the blastomere-like structures. Reproduced with 
permission. [21]. Signal Transduction and Targeted Therapy. 2022.  

With the progression of the developmental stage, the transition from 

totipotent to pluripotent state begins, indicated by the loss of differentiation 

into extraembryonic tissues [3]. Recent data have revealed the eligibility of 

genetic manipulation approaches, epigenetic modifications, and 
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reprogramming strategies to generate totipotent-like cells in the laboratory 

setting via the modulation of certain signaling pathways [22]. These 

approaches can upregulate selected genes and transcription factors with 

distinct molecular profiles and functions. For instance, the expression of 

pluripotency genes, known also as Yamanaka factors, such as Oct4, Sox2, 

and Klf4, c-Myc increases along with the expression of factors involved in 

extraembryonic lineage commitment like Cdx2, Eomes, Gata3, and Ascl2 

[23]. Like TSCs, PSCs1 have the potential to generate all cell types 

belonging to ectoderm, endoderm, and mesoderm layers without the ability 

to produce extraembryonic tissues [14]. Due to the loss of totipotency in 

all epiblast layers in the blastocyte stage, ESCs with pluripotency are 

produced. Under such conditions, the induction of factors such as Oct4, 

Sox2, and Nanog proteins, along with SSEA42, TRA 1-60, and ALP,3 can 

help the cells acquire the ESC phenotype [24]. 
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Table 1. Comparison of stem cell potency levels: developmental capacity, representative 
examples, and key markers. 

Potency 
Level 

Developmental 
Capacity 

Representative 
Examples 

Markers 

Totipotent 
All embryonic and 

extraembryonic cell 
types 

Zygote, early 
blastomeres (up to 
2–4 cell stage), 2-

cell-like cells 

Oct4, Sox2, Nanog, 
Cdx2, Eomes 

Pluripotent 
All three germ layers 

(embryonic tissues only) 
ESCs, iPSCs 

Oct4, Sox2, Nanog, 
SSEA-4, TRA-1-60 

Multipotent 
Multiple cell types within 
a restricted lineage or 

tissue 

HSCs, MSCs, and 
NSCs 

CD34, CD90 
(HSCs); CD73, 
CD90, CD105 

(MSCs); Nestin, 
Sox2 (NSCs) 

Oligopotent 
2–5 related cell types 

within a tissue 

Epidermal stem 
cells, intestinal crypt 

stem cells 

Integrin α6, CD71 
(epidermal); Lgr5, 
Ascl2 (intestinal) 

Unipotent Single cell type only 
Myogenic satellite 

cells, EPCs 

Pax7 (myogenic); 
CD34, VEGFR2 

(endothelial) 
    

Abbreviations: Embryonic stem cells: ESCs, Induced pluripotent stem cells: iPSCs; 
Endothelial progenitor cells: EPCs; Hematopoietic stem cells: HSCs; Mesenchymal stem 
cells: MSCs; Neural stem cells: NSCs.   

 

 According to recent data, two PSC types, including ESCs and iPSCs,1 

have been identified in the human and animal systems. ESCs are directly 

isolated from the ICM of blastocysts in 5-to-7-day-old embryos, and these 

cells can morph into three germ layers in the presence of certain growth 

factors and cytokines [25]. While iPSC technology is a breakthrough invention 

in cell biology to manipulate mature cells to reprogram into a pluripotent state 

[26]. Takahashi and Yamanaka first transferred four transcription factors: 

Oct4, Sox2, Klf4, and c-Myc, using a retroviral vector to mouse fibroblasts and 

achieved a pluripotency state in these cells (Figure 2). Other approaches 

have also been used for the induction of pluripotency and iPSC production 
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using viral vectors, plasmids, proteins, RNAs, and small molecules. It is 

thought that advancing and progressing human iPSC technology facilitates 

personalized biomedicines, disease modeling, and autologous cell therapies 

[27, 28].  

 

Figure 2. Technology of iPSCs. Timeline associated with advances in iPSCs technology 
(a). The SCNT1 approach was used by John Gurdon in the African clawed frog (b: Top). It 
was suggested that somatic cells acquire the genetic data required for differentiation into a 
germline-competent organism. Successful SCNT modality was progressed in mammals by 
Keith Campbell, Ian Wilmut, and co-workers to clone Dolly the sheep. Masako Tada et al. 
found that pluripotency features can be induced via the fusion of somatic cells with ESCs, 
resulting in the formation of hybrid tetraploid cells (Bottom). Fibroblast reprogramming to 
iPSCs was done by Kazutoshi Takahashi and Shinya Yamanaka. For pluripotency 
induction, 24 factors were selected and delivered into mouse fibroblasts via viral vectors in 
various conditions (c). Takahashi and Yamanaka found that the combination of Oct4, Sox2, 
Klf4, and Myc is enough to induce a pluripotency state in mouse fibroblasts. In 2007, 
Yamanaka and James Thomson did the human fibroblast-to-iPSC reprogramming. 
Reproduced with permission. [26]. Signal Transduction and Targeted Therapy. 2024.   
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Both ESCs and iPSCs exhibit pluripotent states in the transcriptional, 

epigenetic, and signaling profiles. In naive PSCs derived from mouse ESCs 

and human PSC lines, the expression of specific genes coincides with 

reduced DNA methylation and histone modifications similar to 

preimplantation epiblasts. Primed PSCs exhibit features related to post-

implantation epiblasts with intermediate DNA methylation and lower 

transcription of pluripotency factors [29, 30]. Compared to iPSCs and ESCs, 

multipotent stem cells also possess limited self-renewal and differentiation 

properties that originate from a single embryonic germ layer or certain 

tissues. In terms of stemness features, multipotent stem cells are between 

the USCs1 and PSCs, with the key role in tissue homeostasis and the 

healing process following conditions with concomitant epigenetic alteration 

[31]. HSCs are a typical model of multipotential stem cells that exist in a 

hemopoietic niche, such as bone marrow, umbilical cord blood, after 

cytokine stimulation. Owing to self-renewal and long-term proliferation 

properties, HSCs can mature into different progenitors, followed by the 

production of all blood lineages like RBCs2, platelets, neutrophils, 

lymphocytes, monocytes, and eosinophils. HSCs are identified using LTC-

IC3 assays and xenograft immunodeficient animal models [32, 33]. MSCs, 

also known as mesenchymal stromal cells, are multipotent stem cells in 

different tissues such as bone marrow, adipose tissue, umbilical cord tissue, 

and placenta, etc. [34]. Based on different studies and pre-clinical studies, 

MSCs exhibit prominent osteogenic (Runx2↑, Osterix↑, and ALP↑), 

chondrogenic (Wnt/β-catenin↑ and BMP↑), and adipogenic (PPARγ↑ and 

C/EBPα↑) capacity [1, 35-37]. The existence of significant 
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immunomodulatory properties and the release of several anti-inflammatory 

cytokines such as IL-101 and TGF-β2 make MSCs a suitable candidate cell 

for immunotherapy applications [36, 37]. Likewise, NSCs are other 

multipotent cells located in the nervous system within the hippocampus, 

SVZ3 , and the DG4. These cells have the self-renewal potential and produce 

several cell types, such as excitatory and inhibitory neurons, astrocytes, and 

oligodendrocytes [38, 39]. These cells are activated in response to external 

stimuli such as cytokines, such as EGF5 and b-FGF6. To be specific, the 

integration of NSCs into the neurogenic niches is orchestrated via vascular, 

immune system, and other neuronal cells [38, 39]. OSCs7 are tissue-specific 

progenitors with limited self-renewal and have the potential to give rise to a 

few cell lineages. For example, epidermal stem cells are in the epidermis' 

basal layer, and hair follicles can produce cutaneous tissue cells over time 

[40]. Similarly, Lgr5+ intestinal stem cells produce enterocytes, goblet cells, 

enteroendocrine cells, as well as Paneth [41]. USCs with less potency scale, 

and self-renewal properties can mature into a single cell type [42]. Satellite 

cells are unipotent progenitors in skeletal muscles and have myogenic 

capacity via direct fusion with existing myofibers. EPCs8 are another USC 

with angiogenesis properties and differentiate into vascular cells [43].  

3. Classification based on tissue or physiological system  

In this classification system, stem cells are categorized based on the 

origin of tissue. This approach helps in understanding how various stem 
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cell types function in different biological systems to preserve homeostasis 

with different tissue-specific features [44]. In this regard, HSCs play a key 

role in the continuous production of blood cells. These cells are in close 

contact with other cells, such as osteoblasts, adipocytes, endothelial cells, 

and stromal elements in the hematopoietic microenvironment [45]. In 

terms of hierarchical organization, HSCs consist of LT-HSCs1 and ST-

HSCs2 , which are committed into CMPs3, CLPs4, and CMPs5 [46]. In the 

clinical setting, allogenic HSCs have been used for regenerative purposes 

in patients with hematologic malignancies, inherited blood disorders, and 

certain inherited immune deficiencies. Recently, autologous HSCs were 

manipulated using globin gene therapy6 and applied to sickle cell disease. 

In another strategy, cord blood HSCs were treated with nicotinamide7 to 

improve recovery in hematology-related diseases [47, 48]. MSCs are 

heterogeneous cells originating from different tissues with broad 

applications in human medicine. These cells are immunophenotyped using 

the existence of cell membrane markers such as CD73, CD90, and CD105 

[49]. Among different MSC sources, bone marrow MSCs, while adipose 

tissue MSCs are also at the center of attention for preclinical and clinical 

use. Compared to bone marrow MSCs, it has been shown that adipose 

tissue MSCs can be achieved with less invasive behavior, with comparable 

stemness features. WJ-MSCs8 also have less immunogenicity and can be 

collected with minimal invasion [49]. MSCs are used for regenerative 

purposes based on the regulation of angiogenesis, inflammation, and 
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differentiation into the target injured cells [50]. NSCs can orient into 

neuroblasts via the rostral migratory stream to the olfactory bulb to 

generate GABAergic interneurons. The neurogenic properties of NSCs 

contribute to the restoration of spatial learning, memory formation, and 

cognitive flexibility [51]. During the last decades, NSCs have been used 

for neurodegenerative conditions such as SCI1 and ischemic stroke [52]. 

Of course, iPSC-derived NSCs have been approved by the FDA2 for the 

alleviation of pathological conditions in PD3, SCI, and ALS4 

4. Stem Cell Lines and Culture 

ESC lines, as well as lines of iPSCs, are globally accepted cellular tools 

with a defined molecular profile for biological studies, drug screening, and 

tissue engineering purposes [53]. However, for preserving pluripotency in 

laboratory conditions, it is essential to consider several culture parameters. 

For example, growth factors such as FGF, Activin/Nodal, etc., along with 

the regulation of oxygen levels and nutrients, should be controlled [54]. In 

modern in vitro culture systems, the efficiency of pluripotency and 

expansion has been increased due to the existence of a feeder layer and 

the addition of chemically defined components, making this platform 

suitable for translational medicine [55, 56]. By progressing culture 

technology and 3D-based environments such as organoids, it is possible 

to educate stem cells to regulate their behavior and metabolic profile 

similar to the in vivo-like conditions [57]. The organoid system can be used 

for ESCs and various tissue stem cells for analyzing the impacts of various 

components and factors [58]. It has been thought that organoid systems 
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are much more than only a tissue-like niche, and these platforms provide 

in vivo-like cues for modeling pathological conditions, such as drug 

screening. Notably, patient-derived organoids induced by real samples 

and biopsies can increase the data relevance in the laboratory setting to 

biological conditions in a personalized manner. Besides, recent progress 

in sophisticated organoid development using various modalities and 

bioprinting approaches can contribute to significant reproducibility [59, 60]. 

Using CRISPR/Cas9 systems or other gene editing approaches in ESCs 

and iPSCs, it is possible to functionally regulate genes for induction and/or 

mimicking various pathological conditions. This platform enables us to 

modify specific genes at different levels to correct and modify specific 

genes. It is thought that the combination of CRISPR/Cas9 systems and 

iPSC cells helps us to create isogenic control cell lines resembling the real 

genetic conditions. The concomitant insertion of reporter genes makes it 

easy to monitor cell development, differentiation, and certain metabolic 

conditions [56, 61].  

5. Conclusions  

Stem cell classification is done based on different parameters such as 

stemness, developmental features, anatomical location, origin, and 

functional assay. This classification system can help researchers and 

clinicians in understanding the intrinsic multidimensional natures and their 

regenerative potential. For a holistic understanding, it is essential to 

integrate all possible axes. For example, a single population of MSCs is 

simultaneously designated as multipotent (potency-based classification), 

adult somatic (origin-based classification), bone marrow-resident 

(anatomical location-based classification), and having immunomodulatory 

capacity (functional classification). The main advancements in the 

classification of various stem cell types can pave the way for further 
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implications in regenerative medicine, modeling of diseases, and drug 

development.  

References 

1. Rahbarghazi, R., et al., Dynamic induction of pro-angiogenic milieu 
after transplantation of marrow-derived mesenchymal stem cells in 
experimental myocardial infarction. International Journal of 
Cardiology, 2014. 173(3): p. 453-466. 

2. Rezabakhsh, A., et al., Type 2 Diabetes Inhibited Human 
Mesenchymal Stem Cells Angiogenic Response by Over-Activity of 
the Autophagic Pathway. Journal of Cellular Biochemistry, 2017. 
118(6): p. 1518-1530. 

3. Du, P. and J. Wu, Hallmarks of totipotent and pluripotent stem cell 
states. Cell Stem Cell, 2024. 31(3): p. 312-333. 

4. Hua, L., et al., Moving toward totipotency: the molecular and cellular 
features of totipotent and naive pluripotent stem cells. Human 
Reproduction Update, 2025. 31(4): p. 361-391. 

5. Hussen, B.M., et al., Revolutionizing medicine: recent developments 
and future prospects in stem-cell therapy. International Journal of 
Surgery, 2024. 110(12). 

6. de Peppo, G.M. and D. Marolt, State of the art in stem cell research: 
human embryonic stem cells, induced pluripotent stem cells, and 
transdifferentiation. J Blood Transfus, 2012. 2012: p. 317632. 

7. Aprile, D., et al., Multipotent/pluripotent stem cell populations in 
stromal tissues and peripheral blood: exploring diversity, potential, 
and therapeutic applications. Stem Cell Res Ther, 2024. 15(1): p. 139. 

8. Cao, J., et al., Developing standards to support the clinical translation 
of stem cells. Stem Cells Transl Med, 2021. 10 Suppl 2(Suppl 2): p. 
S85-s95. 

9. Aprile, D., et al., Multipotent/pluripotent stem cell populations in 
stromal tissues and peripheral blood: exploring diversity, potential, 
and therapeutic applications. Stem Cell Research & Therapy, 2024. 
15(1): p. 139. 

10. Ullah, I., Raghavendra B. Subbarao, and Gyu J. Rho, Human 
mesenchymal stem cells - current trends and future prospective. 
Bioscience Reports, 2015. 35(2): p. e00191. 

11. Della Rocca, Y., et al. Stem Cells in Regenerative Medicine: A Journey 
from Adult Stem Cells to Induced Pluripotent Cells. International 
Journal of Molecular Sciences, 2025. 26,  DOI: 
10.3390/ijms26178255. 



Chapter 1|15   
 

12. Dianat-Moghadam, H., et al., Cancer stem cells-emanated therapy 
resistance: Implications for liposomal drug delivery systems. Journal 
of Controlled Release, 2018. 288: p. 62-83. 

13. Hoang, D.M., et al., Stem cell-based therapy for human diseases. 
Signal Transduction and Targeted Therapy, 2022. 7(1): p. 272. 

14. Sadiq, I.Z., et al., Stem cells in regenerative medicine: Unlocking 
therapeutic potential through stem cell therapy, 3D bioprinting, gene 
editing, and drug discovery. Biomedical Engineering Advances, 2025. 
9: p. 100172. 

15. Terryn, J., et al., Recent advances in lineage differentiation from stem 
cells: hurdles and opportunities? [version 1; peer review: 2 approved]. 
F1000Research, 2018. 7(220). 

16. Cai, J., et al., Research Progress of Totipotent Stem Cells. Stem Cells 
Dev, 2022. 31(13-14): p. 335-345. 

17. Malik, V. and J. Wang, Pursuing totipotency: authentic totipotent stem 
cells in culture. Trends Genet, 2022. 38(7): p. 632-636. 

18. Seo, J., S. Saha, and M.E. Brown, The past, present, and future 
promise of pluripotent stem cells. J Immunol Regen Med, 2024. 22-
23. 

19. De Paepe, C., et al., Totipotency and lineage segregation in the 
human embryo. Molecular Human Reproduction, 2014. 20(7): p. 599-
618. 

20. Zhu, M. and M. Zernicka-Goetz, Principles of Self-Organization of the 
Mammalian Embryo. Cell, 2020. 183(6): p. 1467-1478. 

21. Kues, W.A. and D. Kumar, Cocktails of defined chemical compounds: 
sufficient to induce totipotency in embryonic stem cells. Signal 
Transduction and Targeted Therapy, 2022. 7(1): p. 330. 

22. Chehelgerdi, M., et al., Exploring the promising potential of induced 
pluripotent stem cells in cancer research and therapy. Molecular 
Cancer, 2023. 22(1): p. 189. 

23. Demirezen, A. and O. Erbas, Somatic Stem Cell Therapies. Journal of 
Experimental and Basic Medical Sciences, 2024. 5: p. 50-59. 

24. Wang, A.Y.L., et al., Pluripotent Stem Cells: Recent Advances and 
Emerging Trends. Biomedicines, 2025. 13(4). 

25. Bayleyegn Derso, T., et al., Neural stem cells in adult neurogenesis 
and their therapeutic applications in neurodegenerative disorders: a 
concise review. Frontiers in Molecular Medicine, 2025. Volume 5 - 
2025. 

26. Cerneckis, J., H. Cai, and Y. Shi, Induced pluripotent stem cells 
(iPSCs): molecular mechanisms of induction and applications. Signal 
Transduction and Targeted Therapy, 2024. 9(1): p. 112. 



16 |Stem Cell Biology and Application in Human Medicine 

27. Chen, Y., M. Li, and Y. Wu, The occurrence and development of 
induced pluripotent stem cells. Frontiers in Genetics, 2024. Volume 
15 - 2024. 

28. Han, X., et al., Mesenchymal stem cells in treating human diseases: 
molecular mechanisms and clinical studies. Signal Transduction and 
Targeted Therapy, 2025. 10(1): p. 262. 

29. Snow, K.S., D.J. Raburn, and T.M. Price, Differential Gene Regulation 
of the Human Blastocyst Trophectoderm and Inner Cell Mass by 
Progesterone. Reproductive Sciences, 2024. 31(5): p. 1363-1372. 

30. Górska, A., et al., Navigating stem cell culture: insights, techniques, 
challenges, and prospects. Frontiers in Cell and Developmental 
Biology, 2024. Volume 12 - 2024. 

31. Varzideh, F., et al., Molecular Mechanisms Underlying Pluripotency 
and Self-Renewal of Embryonic Stem Cells. International Journal of 
Molecular Sciences, 2023. 24(9): p. 8386. 

32. Strawbridge, S.E., et al., Donor embryonic stem cells impede host 
epiblast specification in 8-cell stage chimeras by crowding and FGF4 
signalling. bioRxiv, 2024: p. 2024.11.08.622647. 

33. Yehya, A., et al., Cardiac differentiation is modulated by anti-apoptotic 
signals in murine embryonic stem cells. World Journal of Stem Cells, 
2024. 16(5): p. 551-559. 

34. Nassiri, S.M. and R. Rahbarghazi, Interactions of Mesenchymal Stem 
Cells with Endothelial Cells. Stem Cells and Development, 2013. 
23(4): p. 319-332. 

35. Saghati, S., et al., Phenolated alginate hydrogel induced osteogenic 
properties of mesenchymal stem cells via Wnt signaling pathway. 
International Journal of Biological Macromolecules, 2023. 253: p. 
127209. 

36. Wang, Z., et al., Mechanisms of Embryonic Stem Cell Pluripotency 
Maintenance and Their Application in Livestock and Poultry Breeding. 
Animals, 2024. 14(12): p. 1742. 

37. Cheng, K.C.L., et al., Vitamin C activates young LINE-1 elements in 
mouse embryonic stem cells via H3K9me3 demethylation. 
Epigenetics & Chromatin, 2023. 16(1): p. 39. 

38. Zheng, W., et al., Transcriptome profiles and chromatin states in 
mouse androgenetic haploid embryonic stem cells. Cell Proliferation, 
2023. 56(9): p. e13436. 

39. Gao, Y., et al., Efficient Reprogramming of Mouse Embryonic Stem 
Cells into Trophoblast Stem-like Cells via Lats Kinase Inhibition. 
Biology, 2024. 13(2): p. 71. 



Chapter 1|17   
 

40. Zhang, Y., et al., Hair follicle stem cells promote epidermal 
regeneration under expanded condition. Frontiers in Physiology, 
2024. Volume 15 - 2024. 

41. Jia, Y.k., Y. Yu, and L. Guan, Advances in understanding the regulation 
of pluripotency fate transition in embryonic stem cells. Frontiers in Cell 
and Developmental Biology, 2024. Volume 12 - 2024. 

42. Zakrzewski, W., et al., Stem cells: past, present, and future. Stem Cell 
Research & Therapy, 2019. 10(1): p. 68. 

43. Lin, M. and M. Sigal, Human embryo models: unveiling sophisticated 
self-organization of stem cells during post-implantation stages. Signal 
Transduct Target Ther, 2023. 8(1): p. 419. 

44. Sneifer, J.S., et al., A 3D Niche Nanobioreactor Supports Long-Term 
Tracking of Hematopoietic Stem and Progenitor Cell Cycle Kinetics, 
Self-Renewal and Cell Fate Determination. Blood, 2024. 
144(Supplement 1): p. 4068-4068. 

45. Skoufa, E., et al., Specialized signaling centers direct cell fate and 
spatial organization in a limb organoid model. bioRxiv, 2024: p. 
2024.07.02.601324. 

46. Shah, D.D., et al., Harnessing three-dimensional (3D) cell culture 
models for pulmonary infections: State of the art and future directions. 
Naunyn-Schmiedeberg's Archives of Pharmacology, 2023. 396(11): p. 
2861-2880. 

47. Shin, K., Stem cells, organoids and their applications for human 
diseases: Special issue of BMB Reports in 2023. BMB Rep, 2023. 
56(1): p. 1. 

48. Schneeberger, K., et al., Converging biofabrication and organoid 
technologies: the next frontier in hepatic and intestinal tissue 
engineering? Biofabrication, 2017. 9(1): p. 013001. 

49. Moss, S.P., E. Bakirci, and A.W. Feinberg, Engineering the 3D 
structure of organoids. Stem Cell Reports, 2025. 20(1): p. 102379. 

50. Sahu, S. and S.K. Sharan, Translating Embryogenesis to Generate 
Organoids: Novel Approaches to Personalized Medicine. iScience, 
2020. 23(9): p. 101485. 

51. Yin, X., et al., Engineering Stem Cell Organoids. Cell Stem Cell, 2016. 
18(1): p. 25-38. 

52. Yu, F., W. Hunziker, and D. Choudhury, Engineering Microfluidic 
Organoid-on-a-Chip Platforms. Micromachines (Basel), 2019. 10(3). 

53. Lindoso, R.S., et al. Proteomics in the World of Induced Pluripotent 
Stem Cells. Cells, 2019. 8,  DOI: 10.3390/cells8070703. 

54. Sarkar, P., et al., Activin/nodal signaling switches the terminal fate of 
human embryonic stem cell-derived trophoblasts. The Journal of 
biological chemistry, 2015. 290(14): p. 8834-8848. 



18 |Stem Cell Biology and Application in Human Medicine 

55. Kim, Y.J. and K. Takahashi, Emerging technologies of single-cell multi-
omics. Haematologica, 2025. 110(6): p. 1269-1277. 

56. da Silva Barreto, G., et al., The CRISPR therapy: A revolutionary 
breakthrough in genetic medicine. International Healthcare Review 
(online), 2024. 

57. Abbasi-Malati, Z., et al., Tumoroids, a valid preclinical screening 
platform for monitoring cancer angiogenesis. Stem Cell Research & 
Therapy, 2024. 15(1): p. 267. 

58. Mulaudzi, P.E., H. Abrahamse, and A. Crous, Insights on Three 
Dimensional Organoid Studies for Stem Cell Therapy in Regenerative 
Medicine. Stem Cell Rev Rep, 2024. 20(2): p. 509-523. 

59. He, C., et al., Stem cell and CRISPR/Cas9 gene editing technology in 
Alzheimer's disease therapy: from basic research to clinical 
innovation. Front Genome Ed, 2025. 7: p. 1612868. 

60. Wu, X., et al., Single-cell sequencing to multi-omics: technologies and 
applications. Biomark Res, 2024. 12(1): p. 110. 

61. Qing, J., et al., Organoid Culture Development for Skeletal Systems. 
Tissue Eng Part B Rev, 2023. 29(5): p. 545-557. 

 

 

 


