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Abstract 

Introduction: 

The field of medicine and dentistry has been able to use stem cells and tissue 

engineering to regenerate damaged tissues.  This article finds the progress, 

challengesand future prospects. 

 Stem Cells: Cells that have the ability to differentiate into various body cells 

are called stem cells. They  primarily divided into two categories: embryonic 

stem cells ( ESCs) and adult stem cells (  MSCs). 

 Tissue Engineering:Functional tissue production by combining cells, scaffolds 

and signaling factors, in such a way that the scaffolds provide: a three-

dimensional substrate for cell growth. signaling factors cause: differentiation, 

cell proliferation, and guide path towardsneeded tissues. 

 Empirical approaches:Isolation of stem cells, their cultivation, making a 

scaffold and culturing cell on it. 

 Results:In tissue engineering, stem cells have a high ability to repair and 

regenerate tissues, including: cardiac muscle, spinal cord, dental pulp,gingiva, 

etc. 

Current limitations:Rejection by immunity, Improper ability in mastery in 

scaffold integration, ethical concerns (use of embryonic stem cells). 

 Conclusion:Tissue engineering has advanced the medical and dental science by 

damaged tissue regeneration.Thoughthere are various challenges in this regard, 

butprogress is going ontofindbettersolutions. 
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Introduction 

The beginning of stem cell research actually dates back to the late 19
th

 century in Germany.  

A person named Theodore Bowery introduced the concept of stem cells to the scientific 

community, after that scientists started using blood stem cells to produce blood and research 

on leukemia, and discovered stem cells.  After that, in the 1950s and 1960s, research was 

conducted on stem cells that had the ability to make blood, and a path was provided for 

modern research on stem cells that humans have access to today[1,2]. 

In 1981, scientists succeeded in using isolated embryonic stem cells (ESCs) and adult stem 

cells. In 2006, they were able to develop mature cells into induced pluripotent stem cells 

(iPSCs) with scientific programming, thus improved ethical issues[3].In a research that was 

about CRISPR-Cas9 gene editing technology, they found that not only this way is potential to 

treat genetic diseases, but also there is a possibility to edit DNA with CRISPR-Cas9 in order 

to correct pathogenic genetic mutations[4].In a study published in 2023, researchers 

pinpointed another scientific wonder called organoids, which are actually self-organizing 3D 

cultures of stem cells that act as real organs that can be used to examine  the biology and 

disease, as well as drug testing, disease understanding, etc. As this science is developing so 

rapidly, it has the potential to revolutionize medical research[5]. 

More importantly, researchers succeeded in discovering induced pluripotent stem cells 

(iPSCs), in order to restore adult cells to a pluripotent state, which are much more accessible 

than embryonic stem cells.  And also regarding the immune system, the risk of their rejection 

is much less[6,7]. 

In tissue engineering, with the advances made in the field of biomaterials, researchers have 

been able to turn scaffolds into a more suitable platform for the growth and differentiation of 

cells, and with techniques such as 3D printers, more feasible solutions such as regeneration  

Introduce vascular tissues, skin,etc[8,9]. 

Tissue engineering and stem cells are very important for medicine and dentistry because they 

provide the possibility of regeneration of damaged tissues and organs, in such a way that it is 

able to manage chronic diseases and reducing the need of organ transplantation.  Also in 

dentistry, it can also regenerate teeth periodontium, etc[10,11]. 

However, there are challenges in this field that researchers could not manage to solvethem 

until today, including the lack of ability and complete control over the differentiation of stem 

cells into desired cellstissues organs, etc, as well as the formation of blood vessels in 

produced tissues. Also due to insufficient blood supply, it is possible to create unwanted 

tumors and so on[12,13]. 

In addition,  regarding the ethical issues and gaining public trust in the use and acceptance of 

this method, there are shortcomings[14]. 

  Therefore, this research provides information about the latest research and achievements, 

biomaterial innovations, as well as ethical and regulatory issues.  In addition, it reflects the 

cases that need wider research for researchers and policy makers in these fields. 
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Back ground : 

 Stem Cells:   

  Stem cells exist in two categories, including: embryonic stem cells (ESCs) and adult stem 

cells (miniature ASCs), and both categories have the ability to differentiate, so that stem cells  

Embryos are derived from blastocysts (ASCs), which are very powerful and capable of 

differentiating into any type of cell.  But mature stem cells (ASCs) that can be found in 

various tissues of the body including: bone marrow, fat, etc., are ableto differentiate into 

bone, fat tissue and cartilage[13,15]. 

Tissue Engineering  : 

  Tissue engineering creates functional tissues by combining cells, scaffolds and signaling 

molecules,  in whichone of the most important of them are the scaffolds, which are made of 

collagen or polymer, and are designed to imitate the extracellular matrix.  By creating a three-

dimensional structure, they provide the substrate for the differentiation and formation of 

cells[16,17].  Signaling molecules also cause the differentiation and expansion of tissue stem 

cells with cytokines which is a growth factor. In other words, the scaffolds produced by tissue 

engineering are of two types, natural and synthetic, such that natural scaffolds are made of 

collagen and synthetic scaffolds are made of polymer by 3D printing[16,18]. 

 

Materials and methods: 

 This research is a review study that deals with approaches in the field of regenerative 

medicine and dentistry, with a focus on the use of stem cells and tissue engineering. 

 Inclusion criteria: 

 Scientific articles that well informed about the effectiveness and advancement in the field of 

stem cells, tissue engineering and biomaterial innovations, as well as theirchallenge and 

problems. 

Exclusion criteria: 

 Articles that were weakly related to our research topic, or had low quality in terms of 

scientific and structural content. 

 

Experimental approaches in the field of using stem cells and tissue engineering in 

medicine and dentistry: 

 Research methods usually follow the following steps:   

1. Isolation of cells and their cultivation: stem cells are isolated from the desired source and 

various methods and modifications are performed on them for reproduction[19]. 

2. Scaffolding: Scaffolding is made in order to provide tissue growth substrate[16]. 

3. Cell cultivation: stem cells are cultivated on scaffolds[20]. 
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4. In vivo and in vitro testing: engineered tissues are evaluated in terms of functionality and 

safety[21]. 

Results: 

 A significant potential is the regeneration of body tissues by stem cells[22], some of which 

are mentioned below, has been the results. 

 Mesenchymal stem cells (MSCs) in the regeneration of cardiac muscle tissue, embryonic 

stem cells (small ESCs) in the regeneration and improvement of the function of spinal cord 

tissues, dental pulp stem cells (DPSCs) in various tissue regeneration[11,23]. 

 

Current research limitations: 

 Challenges that have not been solved until today include: 

 a: Immune rejection: stimulation of immune responses by allogeneic stem cells, as well as 

the issue of tumor genesis[24]. 

 b: Scaffold integration: lack of sufficient knowledge and ability to integrate and appropriate 

vascularization of engineered tissues[25]. 

 c: Ethical concerns: chance of fetal hurt and destruction due to the need ofusing ASCs[26]. 

Conclusion: 

 Scientific advances in stem cells and tissue engineering have made it possible to have more 

efficient methods of repairing and regenerating defective or lost tissues, and have met the 

basic needs in medical and dental treatments. 

Stem cells have a high potential to transform into various types of cells and have been 

successful in tissue repair and regeneration.  Also, tissue engineering has provided a suitable 

platform for the differentiation, proliferation and growth of stem cells to the target tissues 

through the production of frameworks and biological materials. 

Reference: 

1. Maehle AH. Ambiguous cells: the emergence of the stem cell concept in the 

nineteenth and twentieth centuries. Notes Rec R SocLond. 2011 Dec 20;65(4):359-78. 

Doi: 10.1098/rsnr.2011.0023. PMID: 22332468; PMCID: PMC3793240. 

2. Ramalho-Santos M, Willenbring H. On the origin of the term “stem cell”. Cell Stem 

Cell. 2007 Jun 7;1(1):35-38. Doi: 10.1016/j.stem.2007.05.013. PMID: 18371332. 

3. Chen J, Zhou L, Pan SY. A brief review of recent advances in stem cell biology. 

Neural Regen Res. 2014 Apr 1;9(7):684-7. Doi: 10.4103/1673-5374.131565. PMID: 

25206872; PMCID: PMC4146274. 

4. Kolanu ND. CRISPR-Cas9 Gene Editing: Curing Genetic Diseases by Inherited 

Epigenetic Modifications. Glob Med Genet. 2024 Mar 29;11(1):113-122. Doi: 

10.1055/s-0044-1785234. PMID: 38560484; PMCID: PMC10980556. 



Page 6449 of  6450 

Abdollah Ebrahimi / Afr.J.Bio.Sc. 6(5) (2024). 6445-6450 

 

5. Yang S, Hu H, Kung H, Zou R, Dai Y, Hu Y, Wang T, Lv T, Yu J, Li F. Organoids: The 

current status and biomedical applications. MedComm (2020). 2023 May 

17;4(3):e274. Doi: 10.1002/mco2.274. PMID: 37215622; PMCID: PMC10192887. 

6. Chehelgerdi M, BehdarvandDehkordi F, Chehelgerdi M, Kabiri H, Salehian-Dehkordi 

H, Abdolvand M, Salmanizadeh S, Rashidi M, Niazmand A, Ahmadi S, Feizbakhshan 

S, Kabiri S, Vatandoost N, Ranjbarnejad T. Exploring the promising potential of 

induced pluripotent stem cells in cancer research and therapy. Mol Cancer. 2023 Nov 

28;22(1):189. Doi: 10.1186/s12943-023-01873-0. PMID: 38017433; PMCID: 

PMC10683363. 

7. Omole AE, Fakoya AOJ. Ten years of progress and promise of induced pluripotent 

stem cells: historical origins, characteristics, mechanisms, limitations, and potential 

applications. PeerJ. 2018 May 11;6:e4370. Doi: 10.7717/peerj.4370. PMID: 

29770269; PMCID: PMC5951134. 

8. Zaszczyńska A, Moczulska-Heljak M, Gradys A, Sajkiewicz P. Advances in 3D 

Printing for Tissue Engineering. Materials (Basel). 2021 Jun 8;14(12):3149. Doi: 

10.3390/ma14123149. PMID: 34201163; PMCID: PMC8226963. 

9. Singh D, Singh D, Han SS. 3D Printing of Scaffold for Cells Delivery: Advances in 

Skin Tissue Engineering. Polymers (Basel). 2016 Jan 16;8(1):19. Doi: 

10.3390/polym8010019. PMID: 30979115; PMCID: PMC6432526. 

10. Han F, Wang J, Ding L, Hu Y, Li W, Yuan Z, Guo Q, Zhu C, Yu L, Wang H, Zhao Z, 

Jia L, Li J, Yu Y, Zhang W, Chu G, Chen S, Li B. Tissue Engineering and 

Regenerative Medicine: Achievements, Future, and Sustainability in Asia. Front 

BioengBiotechnol. 2020 Mar 24;8:83. Doi: 10.3389/fbioe.2020.00083. PMID: 

32266221; PMCID: PMC7105900. 

11. Soudi A, Yazdanian M, Ranjbar R, Tebyanian H, Yazdanian A, Tahmasebi E, Keshvad 

A, Seifalian A. Role and application of stem cells in dental regeneration: A 

comprehensive overview. EXCLI J. 2021 Feb 22;20:454-489. Doi: 

10.17179/excli2021-3335. PMID: 33746673; PMCID: PMC7975587. 

12. Jin Y, Li S, Yu Q, Chen T, Liu D. Application of stem cells in regeneration medicine. 

MedComm (2020). 2023 Jun 17;4(4):e291. Doi: 10.1002/mco2.291. PMID: 

37337579; PMCID: PMC10276889. 

13. Zakrzewski W, Dobrzyński M, Szymonowicz M, Rybak Z. Stem cells: past, present, 

and future. Stem Cell Res Ther. 2019 Feb 26;10(1):68. Doi: 10.1186/s13287-019-

1165-5. PMID: 30808416; PMCID: PMC6390367. 

14. De Kanter AJ, Jongsma KR, Verhaar MC, Bredenoord AL. The Ethical Implications 

of Tissue Engineering for Regenerative Purposes: A Systematic Review. Tissue Eng 

Part B Rev. 2023 Apr;29(2):167-187. Doi: 10.1089/ten.TEB.2022.0033. Epub 2022 

Oct 20. PMID: 36112697; PMCID: PMC10122262. 

15. Azar J, Bahmad HF, Daher D, Moubarak MM, Hadadeh O, Monzer A, Al Bitar S, 

Jamal M, Al-Sayegh M, Abou-Kheir W. The Use of Stem Cell-Derived Organoids in 

Disease Modeling: An Update. Int J Mol Sci. 2021 Jul 17;22(14):7667. Doi: 

10.3390/ijms22147667. PMID: 34299287; PMCID: PMC8303386. 

16. Chan BP, Leong KW. Scaffolding in tissue engineering: general approaches and 

tissue-specific considerations. Eur Spine J. 2008 Dec;17 Suppl 4(Suppl 4):467-79. 



Page 6450 of  6450 

Abdollah Ebrahimi / Afr.J.Bio.Sc. 6(5) (2024). 6445-6450 

 

Doi: 10.1007/s00586-008-0745-3. Epub 2008 Nov 13. PMID: 19005702; PMCID: 

PMC2587658. 

17. Zhu J, Marchant RE. Design properties of hydrogel tissue-engineering scaffolds. 

Expert Rev Med Devices. 2011 Sep;8(5):607-26. Doi: 10.1586/erd.11.27. PMID: 

22026626; PMCID: PMC3206299. 

18. Krishani M, Shin WY, Suhaimi H, Sambudi NS. Development of Scaffolds from Bio-

Based Natural Materials for Tissue Regeneration Applications: A Review. Gels. 2023 

Jan 23;9(2):100. Doi: 10.3390/gels9020100. PMID: 36826270; PMCID: 

PMC9957409. 

19. Alberts B, Johnson A, Lewis J, et al. Molecular Biology of the Cell. 4
th

 edition. New 

York: Garland Science; 2002. Isolating Cells and Growing Them in Culture. Available 

from: https://www.ncbi.nlm.nih.gov/books/NBK26851/ 

20. Tabata Y, Joanna I, Higuchi A. Stem cell culture and differentiation in 3-D scaffolds. 

ProgMolBiolTransl Sci. 2023;199:109-127. Doi: 10.1016/bs.pmbts.2023.04.009. 

Epub 2023 Jul 26. PMID: 37678968. 

21. Khalil AS, Jaenisch R, Mooney DJ. Engineered tissues and strategies to overcome 

challenges in drug development. Adv Drug Deliv Rev. 2020;158:116-139. Doi: 

10.1016/j.addr.2020.09.012. Epub 2020 Sep 26. PMID: 32987094; PMCID: 

PMC7518978. 

22. Tatullo M, Zavan B, Piattelli A. Critical Overview on Regenerative Medicine: New 

Insights into the Role of Stem Cells and Innovative Biomaterials. Int J Mol Sci. 2023 

Apr 27;24(9):7936. Doi: 10.3390/ijms24097936. PMID: 37175642; PMCID: 

PMC10177993. 

23. Singh A, Singh A, Sen D. Mesenchymal stem cells in cardiac regeneration: a detailed 

progress report of the last 6 years (2010-2015). Stem Cell Res Ther. 2016 Jun 

4;7(1):82. Doi: 10.1186/s13287-016-0341-0. PMID: 27259550; PMCID: 

PMC4893234. 

24. Tavaf MJ, Verkiani ME, Hanzaii FP, Zomorrod MS. Effects of immune system cells in 

GvHD and corresponding therapeutic strategies. Blood Res. 2023 Mar 31;58(1):2-12. 

Doi: 10.5045/br.2023.2022192. Epub 2023 Feb 8. PMID: 36774947; PMCID: 

PMC10063589. 

25. Lovett M, Lee K, Edwards A, Kaplan DL. Vascularization strategies for tissue 

engineering. Tissue Eng Part B Rev. 2009 Sep;15(3):353-70. Doi: 

10.1089/ten.TEB.2009.0085. PMID: 19496677; PMCID: PMC2817665. 

26. Deprest J, Toelen J, Debyser Z, Rodrigues C, Devlieger R, De Catte L, Lewi L, Van 

Mieghem T, Naulaers G, Vandevelde M, Claus F, Dierickx K. The fetal patient – 

ethical aspects of fetal therapy. Facts Views Vis Obgyn. 2011;3(3):221-7. PMID: 

24753868; PMCID: PMC3991449. 

https://www.ncbi.nlm.nih.gov/books/NBK26851/

