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Abstract: A single paragraph of about 200 words maximum. For research articles, abstracts should     Maintaining dental pulp 

vitality and preventing tooth loss are two challenges in endodontic treatment. A tooth lacking a viable pulp loses its defense 

mechanism and regenerative ability, making it more vulnerable to severe damage and eventually necessitating extraction. 

The tissue engineering approach has drawn attention as an alternative therapy as it can regenerate dentin-pulp complex 

structures and functions. Stem cells or progenitor cells, extracellular matrix, and signaling molecules are triad components of 

this approach. Stem cells from human exfoliated deciduous teeth (SHED) are a promising, non-invasive source of stem cells 

for tissue regeneration. Not only can regenerate dentin-pulp tissues (comprises of fibroblasts, odontoblasts, endothelial cells, 

and nerve cells), but SHED also possesses immunomodulatory and immunosuppressive properties. Collagen matrix is a 

material of choice to provide structural and microenvironmental support for SHED-to-dentin pulp tissue differentiation. 

Growth factors regulate cell proliferation, migration, and differentiation into specific phenotypes via signal-transduction 

pathways. This review provides current concepts and applications of tissue engineering approach especially SHED in 

endodontic treatment. 

 

Keywords: Dentin-pulp complex regeneration; Signalling molecules; Stem Cell from Human Exfoliated Deciduous Teeth 

(SHED); Tissue engineering. 

 

 

1. Introduction 

Tissue injury can occur when it is exposed to various stimuli including microbial infections, 
mechanical damage (fractures, cracks, thermal factors), and chemical damage. This condition can 
cause cell apoptosis or necrosis, as well as microvasculature and stroma damage, leading to activation 
of inflammation and wound healing mechanism. During wound healing, mesenchymal stem cells are 
recruited to the site of injury to differentiate into stromal cells and replace damaged cells. However, if 
severe inflammation occurs in the dental pulp, the damaged cells cannot be effectively replaced or 
healed, a condition called irreversible pulpitis. In this condition, endodontic treatment must be carried 
out to remove the damaged pulp and prevent spread of the damage.1–4 

Endodontic treatment involves partial or complete pulp removal (pulp extirpation) and filling the 
empty root canal with artificial material. Even so, the endodontic treatment causes the tooth to 
become more fragile, susceptible to caries and periapical infection and more likely to fracture as the 
tooth losses its vitality due to the absence of blood supply and innervation.5–11  

Therefore, it is crucial to maintain the vitality of the pulp. A tooth without a viable pulp loses its 
defense mechanism and regenerative ability, making it more prone to severe damage and ultimately 
leading to extraction. Dentin-pulp complex reconstruction is an ideal approach to restoring pulp 
vitality by using mesenchymal stem cell or progenitor cells and signalling molecules added to the 
extracellular matrix to recover fibroblasts, odontoblasts, endothelial cells and nerve fibres 
functions.8,10–14 Stem cells can be obtained from various tissues, including teeth, buccal mucosa, skin, 
fat, and bone.15,16 The pulp of deciduous teeth, rich in stem cells known as stem cells from human 
exfoliated deciduous teeth (SHED), is a promising, easy to get, and noninvasive source of stem cells for 

mailto:demolsky05@yahoo.com
mailto:jeffrey_dent2000@yahoo.com
mailto:jeffrey_dent2000@yahoo.com


tissue regeneration.17–21 Not only has the regenerative ability to generate dentin-pulp tissues, but 
SHED also possesses immunomodulatory and immunosuppressive properties.20,22 

Scaffolds are 3-dimensional microstructural materials that provide a biological environment and 
structural support to facilitate cell growth, desirable interactions, and the formation of functional 
tissues.8,23,24 One popular scaffold material is collagen. Collagen is a natural extracellular matrix built 
from protein and abundant in hard and soft tissues.23 Collagen is biocompatible, permeable, and 
biodegradable, so it can function in helping migration, adhesion, proliferation, and cell 
differentiation.8,12 

Growth factors are polypeptides that plays a very important role in the signaling process that 
occurs during tissue formation and regeneration of the dentin-pulp complex.25,26 In the dentin-pulp 
complex regeneration, several Growth Factors work together through different signalling mechanisms, 
including Transforming Growth Factor β (TGF β), Vascular Endothelial Growth Factor (VEGF), Bone 
Morphogenic Protein (BMP), Fibroblast Growth Factor (FGF), Platelet-Derived Growth Factor (PDGF), 
and Nerve Growth Factor (NGF).25,27,28 Growth factors will bind to cell surface receptors that 
subsequently induce cellular processes such as cell proliferation, angiogenesis, neovascularization, and 
all important steps in the regeneration process.28,29 

Growth Factor plays a role in various stages of the healing process and tissue regeneration, 
including cell migration, angiogenesis, and neurogenesis.26 It can also induce odontogenic 
differentiation through ALK5/Smad2/3, TAK1, p38, and MEK/ERK signalling pathways, supporting cell 
proliferation and collagen formation.30,31 Tissue engineering application in endodontic treatment is 
expected to replace damaged or lost tissue with new natural pulp tissue and reduce the use of 
artificial materials, making teeth fully functional again.14  

 

Tissue Engineering (TE) in Endodontic Treatment 

As mentioned before, one challenge in endodontic treatment is maintaining dental pulp vitality 
and preventing tooth loss. Regenerative endodontics can overcome this hurdle.32 According to "The 
American Association of Endodontists", regenerative endodontics is a procedure designed based on 
biological principles to physiologically replace damaged tooth structures, including root and dentin 
structures, as well as cells in the pulp-dentin complex.10,32–34 

There are two concepts in regenerative endodontics, namely:35 (1) Guided Tissue Regeneration 
(GTR), also known as the revascularization or revitalization approach, and (2) Tissue engineering (TE), 
an interdisciplinary approach to repairing damaged tissue using by combining three components: (1) 
cells (especially, stem cells) capable of forming pulp tissue, root dentin, and tooth-supporting tissues, 
(2) scaffolds to facilitate cell proliferation and differentiation, and (3) bioactive molecules (generally 
growth factors).28,35–38  

 

Stem Cells 

Stem cells are unique cells that possess self-renewal and differentiation properties into another 
cell type. Based on their differentiation potency, stem cells are divided into:39–42 

- Totipotent Stem Cells  

Totipotent stem cells are stem cells that can generate all types of cells and tissues that exist in 

organisms, usually can be obtained from embryonic stem cells (1-3 days old embryo). Totipotent cells 



have the highest differentiation potential and allow cells to form embryonic and extra-embryonic 

structures. An example of a totipotent cell is the zygote, formed after a sperm fertilizes an egg. These 

cells can later develop into one of the three germ layers or form the placenta. After about four days, the 

cell mass in the blastocyst becomes pluripotent. This structure is a source of pluripotent cell.35,43 

- Pluripotent Stem Cells 

Pluripotent stem cells are stem cells that can generate most cell types (over 200) and tissues found in 

organisms and have the ability to differentiate into cells of ectodermal, mesodermal, and endodermal 

origin. It can be obtained from a 5-14 day old blastocyst.35,44,45 

 

- Multipotent Stem Cells 

Multipotent stem cells are stem cells that can generate a limited number of cell and tissue types 

depending on their origin. These cells can be obtained from cord blood, fetal tissue and postnatal stem 

cells including dental pulp stem cells.35,45,46 

- Unipotent Stem Cell 

Unipotent stem cells are stem cells that have the narrowest differentiation ability, which is only into one 

cell type, but are able to divide repeatedly.43,45 

- Induced Pluripotent Cells 

Induced Pluripotent Cells are pluripotent stem cells formed by induction of multipotent cells or adult 

somatic cells with pluripotent factors such as Oct4, Nanog, Sox2, Klf4, and C-myc.45,47 

 

There are two approaches to deliver stem cells into the root canal. The first approach is cell 
transplantation, where autologous or allologous stem cells are applied directly to the root canal. The 
major obstacle to this process is immune rejection of allologous stem cells. Second is cell homing 
where stem cells are sent to the injured area, this process is influenced by many factors, such as age, 
cell number, culture conditions, and method of application. This condition involves the use of  
chemotactic factors such as Stromal Cell Derived Factor (SDF)-1 are injected to the site of injury to 
induce stem cell migration from the periapical area to the root canal.27,48 

Based on their stage of development and origin, stem cells can be broadly classified into:32,35,41,47 
(1) Embryonic Stem Cells, which are stem cells derived from embryos, mainly from blastocysts. These 
cells are capable of dividing and renewing themselves over a long period. (2) Adult stem cells, which 
are stem cells derived from postnatal tissue, can be isolated from various body tissues, such as bone 
marrow, adipose tissue, encephalon, epithelium, dental pulp, etc. 

Tissue injury is always associated with the activation of the immune system or inflammatory cells, 
including macrophages, neutrophils, CD4+ T cells, CD8+ T cells, and B cells, triggered by cell apoptosis, 
necrotic cells, microvascular damage, and stroma.40,49–51 Mesenchymal stem cells  can regulate specific 
and non-specific immune systems by suppressing T cells and dendritic cell maturation, decreasing B 
cell proliferation and activation, inhibiting NK cell proliferation and cytotoxicity, and increasing T 
regulatory (Treg) cell formation.49,50 

There are two mechanisms of stem cell immunomodulation: soluble factors secretion and cell-to-
cell direct contact. Prostaglandin E2 (PGE2), indoleamine 2,3-dioxygenase (IDO), nitric oxide (NO), 
interleukin-10 (IL-10), Hepatocyte Growth Factor (HGF), and Transforming Growth Factor 1 (TGFβ1) 
are secreted factors that have immunomodulatory property. Cell-to-cell direct contact mechanism 
involves CD274 (programmed dead ligand 1), vascular cell adhesion molecule-1, and galectin-1 
expression. These molecules reduce effector T cell proliferation and increase the proportion of 
regulatory T cells (Treg).49,50,52 

Various stem cells can be found in teeth and their associate tissues, such as Stem Cell from Human 
Exfoliated Deciduous Teeth (SHED), Dental Pulp Stem cells (DPSC), Stem Cells from the Apical Papilla 



(SCAP), Periodontal Ligament Stem Cell (PDLC), Dental Follicle Precursor Cell (DFPC), and Dental Papilla 
Cell (DPC),Dental mesenchymal stem cells (DMSCs), and dental epithelial stem cells (DESCs). For pulp 
regeneration purposes, SHED, DPSC, and SCAP have strong potential.35,41,53–55 

 

Stem cells from Human Exfoliated Deciduous Teeth (SHED) 

Stem cells from human exfoliated deciduous teeth (SHED) were first obtained by Miura et al. in 
2003. SHED expresses cell surface markers STRO-1, CD10, CD29, CD 31, CD44, CD73, CD90, CD105, 
CD146, CD13, CD166, Nestin, DCX, -tubulin, NeuN, GFAP, S-100, A2B5, CNPaseNanog, Oct3/4 and 
SSEAs (-3, -4) and does not express CD14, CD15, CD19, CD34, CD45, and CD43.41,56–59 

    SHED has two major advantages compared to other stem cells derived from dental tissue: it is 
easier to gain through noninvasive procedure and has high proliferation rate.34,41,56,60,61 SHED exhibits 
higher proliferation rate compared to Dental Pulp Stem Cells (DPSCs) and Bone Marrow derived 
Mesenchymal Stem Cells (BMMSCs).41,45,58,62–64 

 SHED possess higher potential in forming dentin-pulp complex cells, namely osteoblasts, 
chondroblasts, adipocytes, endothelial cells, nerve cells, and odontoblasts.57,58,65–67 The ability of SHED 
to differentiate into odontoblasts is characterized through the expression of dentin matrix protein-1 
(DMP-1) and dentin sialophosphoprotein (DSPP).45,58 DSPP induces stem cells to odontoblast 
differentiation through SMAD 1/5/8 phosphorylation and nuclear translocation via the P38 and 
ERK1/2 pathways. DMP-1 involves maintaining dentin mineralization.68,69 

As for the potential for neural regeneration, SHED show more intensive expression of neural 
differentiation markers than DPSCs, such as b-III-tubulin, and nestin, in neural induction cell culture.37 
SHED is also able to increase the angiogenesis process by forming vascular connective tissue 
structures, expressing and synthesizing VEGF.70 This ability is crucial to maintain pulp viability as it can 
supply oxygen and nutrients needed for cell metabolism for tissue regeneration.71 

SHED also functioned as an immunodulator by suppressing T helper 17 (Th17) cell function and 
upregulating CD206+ M2 macrophages.57,62 SHED are able to induce the secretion of proinflammatory 
cytokines such as interleukin 1b (IL-1b), interleukin 6 (IL-6), interleukin 10 (IL-10), and tumor necrosis 
factor- a. SHED is also capable to inhibit lymphocyte CD178 expression, suppressing the proliferation 
of lymphocytes, and decreasing the secretion of IL-4 and IFN-g while sequentially increasing the 
number of T-reg cells.37,72,73 

 

 Collagen Scaffold 

Scaffolds are required for regeneration or tissue engineering to facilitate cell growth and functions 
in the transplanted area.74–76 Interaction of the cell with the extracellular matrix influences many 
signalling pathways that change cell behaviours, i.e. adhesion, proliferation, and differentiation.76,77 
Scaffolds can be made of both natural and synthetic materials. Nanoscale proteins are the primary 
natural scaffolding materials. Nanoscale proteins include collagen, fibronectin, and vitronectin. 
Synthetic polymers are popular materials because they are biocompatible, biodegradable, 
mechanically stable, and can be designed in a variety of compositions and shapes.77,78 These 
properties enable polymers to biologically affiliate and mimic the natural cell-extracellular matrix.76,79 
Natural scaffolds, such as collagen, have better biocompatibility, whereas synthetic polymers can be 



controlled for their physicochemical properties such as solubility, microstructure, and mechanical 
strength.76,79 

Nanofibrous scaffolds are more popular than microfiber scaffolds due to their high surface area, 
interconnected porosity, and positively stimulating extracellular cell-matrix interactions.76 Nanofibrous 
scaffolds are made in 3 methods, namely electrospinning, self-assembly, and separation phase.77 
Electrospinning knew as the most tissue engineering application method frequently used to synthesize 
collagen or synthetic scaffold and/or transport system for the drug.76 

Collagen is a hydrogel material with high biocompatibility; viscoelasticy similar to soft connective 
tissue; transport of nutrients and waste, uniform cell encapsulation, in situ gelation ability, and 
compatible to be modified by biofunctional molecules or growth factors.80 Collagen contains arginine-
glycine-aspartic acid (RGD) adhesion ligands, which enable cell-biomaterial interactions leading to cell 
adhesion.75  Collagen matrix is compatible for dental pulp stem cells proliferation, adhesion, and 
differentiation as shown by formation of capillary like microvessels.76,81,82 Two commercial injectable 
scaffolds, self-assembling peptide hydrogel and rHCollagen type I had been evaluated. It was found 
that both of those scaffolds promote SHED cell survival and when injected into the root canal, these 
materials promoted of odontoblast putative markers expression.83 

Different collagen materials are compared such as collagen type I and III, alginate, and chitosan 
generating a good result in the proliferative and mineralizing activity of type I collagen. After 
implanting these cells, the formation of vascularized pulp-like tissue, odontoblast-like cells, and new 
dentin is produced. SHED onto PLA cells in dentinal discs.80 

Collagen is a biocompatible material that can be degraded by enzymes; however, natural polymers 
are difficult to produce and may transmit pathogens from animals (as it is usually produced from 
animal products) or stimulate an immune response. No scaffold materials have ideal structures and 
properties that totally resemble natural extracellular matrix as natural ECM comprises of complex 
architecture made up of structural proteins (collagen and elastin), specialized proteins, and 
glycosaminoglycans. This architecture provides not only structural support for tissue but also a 
selective dynamic environment that is remodeled via biochemical signals to direct cellular responses.84 
A scaffold should combine the best properties of biomaterials and be as close to the physiological 
environment of the ECM as possible.80 

 

 Growth Factor as Regulator 

Regulating molecules are required for SHED to generate endothelial cells, odontoblasts, and 
neurons that will form the dentin-pulp complex architecture.71,85,86 They work in signal transduction 
pathways to regulate cell proliferation, migration, and differentiation into specific phenotypes. BMPs, 
PDGF, FGF, TGF, EGF, and IGFs are the most common WNT proteins.87–89 

VEGF stimulates SHEDs to undergo endothelial cell differentiation. In an experiment described by 
Annibali (2014), SHED was incubated in endothelial cell growth medium (EGM-2MV). This medium 
contains ascorbic acid, hydrocortisone, rhEGF, FBS, R3-IGF-1, rhbFGF, rhVEGF, and VEGF.71,85 
MEK1/VEGF/ErK, Wnt/VEGF/-catenin, and Notch-EphrinB2/VEGF-DLL4 signaling pathways regulation 
in response to VEGF stimulation, the expression of VE-Cadherin (endothelial markers), VEGFR2, and 
CD31 increased dramatically.71,85 Furthermore, the endothelial-like cells generated by SHED could 
anastomose with the host vascular network which is demonstrated by an experiment using LacZ tags 
and galactosidase staining.85 



Odontoblast differentiation was observed after BMP-2 stimulation. This regulatory molecule 
involves in the production of tubular dentin, odontogenesis and morphogenesis. Dentin 
sialophosphoprotein (DSPP) marker will be abundantly expressed for this distinction.85,90–92 The 
production of DSPP is also influenced by two catalytic subunit signaling complexes that target 
rapamycin complexes 1 and 2. (TORC 1 and 2). TORC1, which is also required for protein synthesis and 
translation, regulates and directs cell cycle, growth, and proliferation. Suppression of TORC1 
prevented mineralized matrix deposition, which also severely limited synthesis of DSPP. TORC2 
influences both cell survival and cytoskeleton rearrangement. Inhibition of TORC2 promoted 
mineralization.85,93 

SHED culture in DMEM supplemented with vitamin D3, ascorbic 2-phosphate, dexamethasone, 
and glycerol phosphate resulted in odontoblast-specific genes DMP1 and DSPP expression. Culture 
also showed mineralized matrix as visualized using Alizarin red.85,94 

Different techniques for isolating SHEDs revealed various traits for odontoblast differentiation. 
Despite having functioning odontoblasts phenotype, SHEDs isolated by direct outgrowth showed 
decreased rate of mineralization and abnormal cell elongation and polarization due to vertical 
orientation of the cell body alongside the dentin-like matrix. While SHEDs isolated using enzymatic 
dissociation formed fast mineralized tissue and kept spindle-shaped morphology.85,90 

In immunocompromised mice, the ability of SHEDs to develop into odontoblasts was examined. 
The dorsum of subcutaneous tissue was implanted with ceramic tricalcium phosphate/hydroxyapatite 
(TCP/HA) powder and SHED combinations.85 

This resulted in the formation of dentin-like structures. However, transplant cannot form a 
complete dentin-pulp-like complex. Only 25% of the clones from one of the colony-derived SHED 
strains transplanted were found to produce ectopic dentin.85 

In another study, slices of extracted third molar teeth were used. To create a porous 
biodegradable scaffold, poly-L-lactic acid was used to fill the pulp chamber, which was in close contact 
with the predentin layer. After 1428 days, cells adjacent to the predentin exhibited an active dentin-
secreting odontoblast. DSP was also expressed. Cell nuclear location is thought to be polarized 
eccentrically. Cell displayed cell-cell gap junctions, a well-developed rough endoplasmic reticulum, the 
golgi complex, and a large number of vesicles.85 

SHED has also been confirmed to be able to develop into neurons. Several neuronal markers, 
including glutamic acid decarboxylase (GAD), III-tubulin, nestin, 2′,3′-cyclic nucleotide-
3′phosphodiesterase (CNPase), tyrosine-hydroxylase (TH), polysialylated-neural cell adhesion molecule 
(PSA-NCAM), glial fibrillary acidic protein (GFAP) were expressed by SHED derived neuron.10-12, 
Several cytokines include FGF8, SHH, bFGF, and GDNF influence SHED neuronal regeneration.86,95,96 

FGF8 is responsible for the dorsalization of the anterior neural tube.96 The notochord secrets SHH 
during development to induce a general ventral cell destiny in order to generate floor plate and motor 
neurons. bFGF acts as a proliferation and differentiation regulator. After five days of culture on poly-L-
lysine coated dishes without serum, the cells rapidly lost their mesenchymal appearance and took on a 
more neuronal appearance, including neurite-like outgrowth. Continued injection of SHH/FGF8 
generated neurons with developed and extended axon or dendrite like structures.85,96 

Upregulation of lncRNA C21orf121 and the downregulation of miR140-5p aid in the differentiation 
of SHED into neuronal cells. lncRNA C21orf121 prevents BMP2 from binding to miR140-5p, that 
subsequently increases BMP2 production and promotes SHED neurogenesis.86,97 



 

Dentin Pulp Regeneration 

Dentin pulp regeneration aims to revitalize necrotic, infected, or lost pulp teeth by restoring the 
morphology and function of the pulp. Ideal pulp regeneration should possesses natural structures 
such as nerve fibers and blood vessels, allowing nutritional, defense, sensation, and immunological 
functions to be restored.10,98 Growth factors, scaffolds, plasma, or other associated cells such as 
dentin/odontoblasts, fibroblasts, or endothelial cells may provide regenerative signals in this 
regeneration process resulted in cell migration, proliferation, differentiation, angiogenesis and 
extracellular matrix deposition.28,99 

Endothelial cells differentiate into mesodermal precursor cells (angioblasts) during vasculogenesis, 
whereas new blood vessels are formed from previously existing blood vessels during angiogenesis. 
VEGF is the main regulator of angiogenesis and can also increase vascular permeability.28,100 FGF, 
another growth factor with an angiogenic role, can attract DPSCs to migrate and proliferate.28 PDGF 
can significantly boost cell proliferation, angiogenesis, and odontoblast differentiation.101,102 BMP7 
promotes the formation of dentin (dentinogenesis).103 

Nerve Growth Factor (NGF) plays an important role in the nervous system growth, differentiation, 
and defense mechanisms by preventing apoptosis and reducing neuronal degradation. NGF expression 
is typically increased in damaged and developing teeth; this growth factor promotes the proliferation 
of sensory and sympathetic nerve cells.28 NGF is also involved in the processes of angiogenesis by 
inducing VEGF upregulation. NGF binds to tyrosine kinase receptor (TrkA) on the cell surface, resulting 
in TrkA phosphorylation and activation of multiple signaling pathways, including PI3K/Akt, 
Ras/Raf/MEK/ERK 1/2, and PLC/PKC. Activation of each of these pathways result in a variety of 
biological functions, including the prevention of apoptosis.104–106 

 

Conclusion 

In responding to the challenges in dentistry to maintain pulp tissue and prevent tooth loss with 
irreversible or necrotic pulpitis, regenerative endodontics by utilizing tissue engineering technology 
can be developed. In this technology, the utilization of SHED which has excellent potential with high 
proliferation speed and ability to differentiate into various cell-forming dental pulp cells, collagen 
scaffold as a medium for cell growth and function, and growth factor as a regulator can be utilized to 
repair and regenerate pulp tissue by regenerates pulp tissue naturally and fully functional again. 

 

Acknowledgments: The authors would like to thanks the Faculty of Dentistry, Maranatha Christian University and Faculty of 
Dentistry, Jenderal Achmad Yani University 

 

Conflicts of Interest: The authors declare no conflict of interest. 

 

References 

1.  Lu Y, Liu Z, Huang J, Liu C. Therapeutic effect of one-time root canal treatment for irreversible 
pulpitis. J Int Med Res. 2019;48(2). doi:10.1177/0300060519879287 

2.  Guan X, Zhou Y, Yang Q, et al. Vital pulp therapy in permanent teeth with irreversible pulpitis 



caused by caries: A prospective cohort study. J Pers Med. 2021;11(11). doi:10.3390/jpm11111125 

3.  Rechenberg DK, Galicia JC, Peters OA. Biological markers for pulpal inflammation: A systematic 
review. PLoS One. 2016;11(11):1-24. doi:10.1371/journal.pone.0167289 

4.  Andreasen FM, Kahler B. Pulpal response after acute dental injury in the permanent dentition: 
Clinical implications - A review. J Endod. 2015;41(3):299-308. doi:10.1016/j.joen.2014.11.015 

5.  Goldberg M. Root Canal Treatment (RCT): From Traditional Endodontic Therapies to Innovating 
Pulp Regeneration. J Dent Oral Disord Ther. 2016;4(2):01-06. doi:10.15226/jdodt.2016.00155 

6.  Eliyas S, Jalili J, Martin N. Restoration of the root canal treated tooth. Br Dent J. 2015;218(2):53-62. 
doi:10.1038/sj.bdj.2015.27 

7.  Mazumdar P, Choudhury SR. Moisture Analysis of Endodontically Treated and Sound Teeth Using 
Moisture Analyser and Indirect Gravimetric Analysis. J Evol Med Dent Sci. 2020;9(49):3721-3725. 
doi:10.14260/jemds/2020/817 

8.  Ahmed GM, Abouauf EA, Abubakr N, Dörfer CE, El-Sayed KF. Tissue Engineering Approaches for 
Enamel, Dentin, and Pulp Regeneration: An Update. Stem Cells Int. 2020;2020. 
doi:10.1155/2020/5734539 

9.  Gong T, Heng BC, Lo ECM, Zhang C. Current Advance and Future Prospects of Tissue Engineering 
Approach to Dentin/Pulp Regenerative Therapy. Stem Cells Int. 2016;2016(1). 
doi:10.1155/2016/9204574 

10.  Xie Z, Shen Z, Zhan P, et al. Functional dental pulp regeneration: Basic research and clinical 
translation. Int J Mol Sci. 2021;22(16). doi:10.3390/ijms22168991 

11.  Huang GTJ, Liu J, Zhu X, et al. Pulp/Dentin Regeneration: It Should Be Complicated. J Endod. 
2020;46(9):S128-S134. doi:10.1016/j.joen.2020.06.020 

12.  Bakhtiar H, Mazidi S A, Mohammadi Asl S, et al. The role of stem cell therapy in regeneration of 
dentine-pulp complex: a systematic review. Prog Biomater. 2018;7(4):249-268. 
doi:10.1007/s40204-018-0100-7 

13.  Shah R, Hiremutt D, Jajoo S, Kamble A. Dental tissue engineering: Future of regenerative dentistry. J 
Dent Res Sci Dev. 2016;3(1):31. doi:10.4103/2348-3407.174966 

14.  Kwack KH, Lee HW. Clinical Potential of Dental Pulp Stem Cells in Pulp Regeneration: Current 
Endodontic Progress and Future Perspectives. Front Cell Dev Biol. 2022;10(April):1-18. 
doi:10.3389/fcell.2022.857066 

15.  Mitsiadis TA, Orsini G, Development O, Faculty M. Stem Cell-Based Approaches In Dentistry. 2015. 
doi:10.22203/eCM.v030a17 

16.  Narang S, Sehgal N. Stem cells: A potential regenerative future in dentistry. Indian J Hum Genet. 
2012;18(2):150-154. doi:10.4103/0971-6866.100749 

17.  Nakajima K, Kunimatsu R, Ando K, et al. Success rates in isolating mesenchymal stem cells from 
permanent and deciduous teeth. Sci Rep. 2019;9(1):1-2. doi:10.1038/s41598-019-53265-4 

18.  Shetty RM, Prasad P, Shetty S, et al. SHED (Stem Cells from Human Exfoliated Deciduous teeth) - A 
new source of stem cells in dentistry. Chhattisgarh J Helath Sci. 2013;1(1):66-68. 



19.  Rosa V, Dubey N, Islam I, Min KS, Nör JE. Pluripotency of Stem Cells from Human Exfoliated 
Deciduous Teeth for Tissue Engineering. Stem Cells Int. 2016;2016. doi:10.1155/2016/5957806 

20.  Taguchi T, Yanagi Y, Yoshimaru K, et al. Regenerative medicine using stem cells from human 
exfoliated deciduous teeth (SHED): a promising new treatment in pediatric surgery. Surg Today. 
2019;49(4):316-322. doi:10.1007/s00595-019-01783-z 

21.  Jindal L, Bhat N, Vyas D, Thakur K, Mehta S. Stem Cells from Human Exfoliated Deciduous Teeth 
(SHED) – Turning Useless into Miracle: A Review Article. Acta Sci Dent Scienecs. 2019;3(10):49-54. 
doi:10.31080/asds.2019.03.0644 

22.  Wang H, Zhong Q, Yang T, et al. Comparative characterization of SHED and DPSCs during extended 
cultivation in vitro. Mol Med Rep. 2018;17(5):6551-6559. doi:10.3892/mmr.2018.8725 

23.  Dong C, Lv Y. Application of collagen scaffold in tissue engineering: Recent advances and new 
perspectives. Polymers. 2016;8(2):1-20. doi:10.3390/polym8020042 

24.  Joseph NV. Mesenchymal Stem Cells Seeded Decellularized Tendon Scaffold for Tissue Engineering. 
Curr Stem Cell Res Ther. 2021;16(2164):155-. 

25.  Fiorillo L, Cervino G, Galindo-Moreno P, Herford AS, Spagnuolo G, Cicciù M. Growth Factors in Oral 
Tissue Engineering: New Perspectives and Current Therapeutic Options. Biomed Res Int. 2021;2021. 
doi:10.1155/2021/8840598 

26.  Henry F. Duncan, Yoshifumi Kobayashi  and ES. Growth Factors and Cell Homing in Dental Tissue 
Regeneration. Curr Oral Heal Rep. 2018;5(4):276-285. doi:10.1007/s40496-018-0194-y.Growth 

27.  Nosrat A, Kim JR, Verma P, Chand PS. Tissue engineering considerations in dental pulp 
regeneration. Iran Endod J. 2013;9(1):30-39. 

28.  Siddiqui Z, Acevedo-Jake AM, Griffith A, et al. Cells and material-based strategies for regenerative 
endodontics. Bioact Mater. 2022;14(November 2021):234-249. 
doi:10.1016/j.bioactmat.2021.11.015 

29.  Retana-Lobo DDS, MSD C. Dental Pulp Regeneration: Insights from Biological Processes. Odovtos - 
Int J Dent Sci. 2017;20(1):10-16. doi:10.15517/ijds.v0i0.31269 

30.  Machla F, Angelopoulos I, Epple M, Chatzinikolaidou M, Bakopoulou A. Biomolecule‐Mediated 
Therapeutics of the Dentin–Pulp Complex: A Systematic Review. Biomolecules. 2022;12(2):1-18. 
doi:10.3390/biom12020285 

31.  Nakashima M, Iohara K, Murakami M, et al. Pulp regeneration by transplantation of dental pulp 
stem cells in pulpitis: a pilot clinical study. Stem Cell Res Ther. 2017;8(1):1-13. doi:10.1186/s13287-
017-0506-5 

32.  Chandra Mouli PE, Manoj Kumar S, Senthil B, Parthiban S, Priya R, Subha R. Stem cells in dentistry - 
A review. J Pharm Sci Res. 2012;4(7):1872-1876. doi:10.1016/j.ijd.2013.11.011 

33.  Schmalz G, Smith AJ. Pulp development, repair, and regeneration: Challenges of the transition from 
traditional dentistry to biologically based therapies. J Endod. 2014;40(4 SUPPL.):S2-S5. 
doi:10.1016/j.joen.2014.01.018 

34.  Saskianti T, Ramadhani R, Budipramana ES, Pradopo S, Suardita K. Potential Proliferation of SHED in 
Carbonate Apatite and Hydroxyapatite Scaffold. Journal of International Dental and Medical 



Research. ISSN 1309-100X http://www.ektodermaldisplazi.com/journal.htm. 2017;10(2):350-353. 

35.  Singha, K D, Hazarika D, Kakoti P. Journal of international academic research for multidisciplinary. J 
Int Acad Res Multidiscip. 2014;4(8):139-147. 

36.  Farzin A, Bahrami N, Mohamadnia A, et al. Scaffolds in Dental Tissue Engineering: A Review. Arch 
Neurosci. 2019;7(1):1-5. doi:10.5812/ans.97014 

37.  Cui D, Yu S, Zhou X, et al. Roles of Dental Mesenchymal Stem Cells in the Management of Immature 
Necrotic Permanent Teeth. Front Cell Dev Biol. 2021;9(May). doi:10.3389/fcell.2021.666186 

38.  Bjørge IM., Kim SY., Mano JF., Kalionis B., and Chrzanowski W. Extracellular vesicles, Exosomes and 
Shedding Vesicles in Regenerative Medicine – a new paradigm for tissue repair. Biomater Sci. 
2017:1-19. doi:10.1039/C7BM00479F 

39.  Sreelatha A, Nair U, Thavarajah R, Ranganathan K. Saliva and dental practice. 2012;1(2):72-76. 
doi:10.4103/2277-8632.98328 

40.  Wang S, Qu X, Zhao RC. Clinical applications of mesenchymal stem cells. J Hematol Oncol. 
2012;5(3):1-9. doi:10.1186/1756-8722-5-19 

41.  Abdullah MF. DPSCs and SHED in Tissue Engineering and Regenerative Medicine. Open Stem Cell J. 
2013;4(1):1-6. doi:10.2174/1876893801304010001 

42.  Aljamie M, Alessa L, Noah R, Elsayed L. Dental Pulp Stem Cells, a New Era in Regenerative 
Medicine : A Literature Review. Open Journal of Stomatology. 2016;(June):155-163. 

43.  Olaru M, Sachelarie L, Calin G. Hard dental tissues regeneration—Approaches and challenges. 
Materials. 2021;14(10):1-35. doi:10.3390/ma14102558 

44.  Romito A, Cobellis G. Pluripotent stem cells: Current understanding and future directions. Stem 
Cells Int. 2016;2016(Icm). doi:10.1155/2016/9451492 

45.  Obuli Ganesh Kishore S, Don KR, Jothi Priya A. Therapeutic potential of stem cells from human 
exfoliated deciduous teeth(Shed)-a review. Indian J Forensic Med Toxicol. 2020;14(4):4624-4629. 
doi:10.37506/ijfmt.v14i4.12367 

46.  Mirzaei H, Sahebkar A, Sichani LS, et al. Therapeutic application of multipotent stem cells. J Cell 
Physiol. 2018;233(4):2815-2823. doi:10.1002/jcp.25990 

47.  Horst O V., Chavez MG, Jheon AH, Desai T, Klein OD. Stem Cell and Biomaterials Research in Dental 
Tissue Engineering and Regeneration. Dent Clin North Am. 2012;56(3):495-520. 
doi:10.1016/j.cden.2012.05.009 

48.  Sohni A, Verfaillie CM. Mesenchymal stem cells migration homing and tracking. Stem Cells Int. 
2013;2013:14-16. doi:10.1155/2013/130763 

49.  Ma S, Xie N, Li W, Yuan B, Shi Y, Wang Y. Immunobiology of mesenchymal stem cells. Cell Death 
Differ. 2014;21(2):216-225. doi:10.1038/cdd.2013.158 

50.  Gao F, Chiu SM, Motan DAL, et al. Mesenchymal stem cells and immunomodulation: Current status 
and future prospects. Cell Death Dis. 2016;7(1). doi:10.1038/cddis.2015.327 

51.  Jacobs SA, Roobrouck VD, Verfaillie CM, Van Gool SW. Immunological characteristics of human 



mesenchymal stem cells and multipotent adult progenitor cells. Immunol Cell Biol. 2013;91(1):32-
39. doi:10.1038/icb.2012.64 

52.  Zhao Q, Ren H, Han Z. Mesenchymal stem cells: Immunomodulatory capability and clinical potential 
in immune diseases. J Cell Immunother. 2016;2(1):3-20. doi:10.1016/j.jocit.2014.12.001 

53.  Kim J-Y, Kim M-R, Kim S-J. Modulation of osteoblastic/odontoblastic differentiation of adult 
mesenchymal stem cells through gene introduction: a brief review. J Korean Assoc Oral Maxillofac 
Surg. 2013;39(2):55. doi:10.5125/jkaoms.2013.39.2.55 

54.  Osman ZF, Ahmad A, Noordin KBAA. Naturally derived scaffolds for dental pulp regeneration: A 
review. Gulhane Med J. 2019;61(2):81-88. doi:10.26657/gulhane.00060 

55.  Botelho J, Cavacas MA, Machado V, Mendes JJ, Cavacas MA, Machado V. Dental stem cells : recent 
progresses in tissue engineering and regenerative medicine medicine. Annals of Medicine. 
2017;49(8):644-651. doi:10.1080/07853890.2017.1347705 

56.  Feter Y, Afiana NS, Chandra JN, Abdullah K, Shafira J, Sandra F. Dental Mesenchymal Stem Cell: Its 
role in tooth development, types, surface antigens and differentiation potential. Mol Cell Biomed 
Sci. 2017;1(2):50. doi:10.21705/mcbs.v1i2.15 

57.  Smojver I, Katalinić I, Bjelica R, et al. Mesenchymal Stem Cells Based Treatment in Dental Medicine: 
A Narrative Review. Int J Mol Sci. 2022;23(3). doi:10.3390/ijms23031662 

58.  Anggrarista KN, Cecilia PH NA, Saskianti T SM. SHED, PRF, and Chitosan as Three- Dimensional of 
Tissue Engineering for Dental Pulp Regeneration. Dent Hypotheses. 2021;12:43-46. 

59.  Mori G, Brunetti G, Ballini A, et al. Biological characteristics of dental stem cells for tissue 
engineering. key Engineering Materials. 2013;541:51-59. 
doi:10.4028/www.scientific.net/KEM.541.51 

60.  Miura M, Gronthos S, Zhao M, et al. SHED: Stem cells from human exfoliated deciduous teeth. Proc 
Natl Acad Sci U S A. 2003;100(10):5807-5812. doi:10.1073/pnas.0937635100 

61.  Leyendecker Junior A, Gomes Pinheiro CC, Lazzaretti Fernandes T, Franco Bueno D. The use of 
human dental pulp stem cells for in vivo bone tissue engineering: A systematic review. J Tissue Eng. 
2018;9. doi:10.1177/2041731417752766 

62.  Cao L, Su H, Si M, et al. Tissue Engineering in Stomatology: A Review of Potential Approaches for 
Oral Disease Treatments. Front Bioeng Biotechnol. 2021;9(November):1-16. 
doi:10.3389/fbioe.2021.662418 

63.  Winning L, Karim E, Lundy FT. A Comparative Analysis of the Osteogenic Potential of Dental 
Mesenchymal Stem Cells. Stem Cells and Development. 2019;28(15):1050-1058. 

64.  Prahasanti C, Ulfah N, Kusuma II, Hayati N, Savitri D, Ernawati, et al. Transforming Growth Factor ‑ β 
1 and Runt ‑ related Transcription Factor 2 as Markers of Osteogenesis in Stem Cells from Human 
Exfoliated Deciduous Teeth Enriched Bone Grafting. Contemp Clin Dent. 2018;9:574-6. 
doi:10.4103/ccd.ccd 

65.  Elsayed ISM. Mitigation of the urban heat island of the city of Kuala Lumpur, Malaysia. Middle East J 
Sci Res. 2012;11(11):1602-1613. doi:10.5829/idosi.mejsr.2012.11.11.1590 

66.  Yuanyuan Han, Lili Zang, Chengfei Zhang WL. Guiding Lineage Spesific Differention of SHED for 



Target Tissue/Organ Regeneration. Cur Stem Cell Res Ther. 2021;16(5):518-584. 
doi:10.2174/1574888X15666200929125840 

67.  Esrefoglu M. Exfoliated Deciduous Teeth Pulp Stem Cells: Data on Experimental and Clinical 
Potential. J Gatroenterology Hepatol Res. 2021;10(4):3548-3553. 
http://www.ghmet.org/index.php/joghr/article/view/3194. 

68.  Khazaei S, Khademi A, Torabinejad M, Nasr Esfahani MH, Khazaei M, Razavi SM. Improving pulp 
revascularization outcomes with buccal fat autotransplantation. J Tissue Eng Regen Med. 
2020;14(9):1227-1235. doi:10.1002/term.3094 

69.  Vu HT, Han M, Lee J, et al. Investigating the Effects of Conditioned Media from Stem Cells of Human 
Exfoliated Deciduous Teeth on Dental Pulp Stem Cells. Biomedicines. 2022;10(906). 
doi:10.3390/biomedicines10040906. 

70.  de Cara SPHM, Origassa CST, de Sá Silva F, et al. Angiogenic properties of dental pulp stem cells 
conditioned medium on endothelial cells in vitro and in rodent orthotopic dental pulp regeneration. 
Heliyon. 2019;5(4). doi:10.1016/j.heliyon.2019.e01560 

71.  Bento LW, Zhang Z, Imai A, et al. Endothelial differentiation of SHED requires MEK1/ERK signaling. J 
Dent Res. 2013;92(1):51-57. doi:10.1177/0022034512466263 

72.  Yildirim S, Zibandeh N, Genc D, Ozcan EM, Goker K, Akkoc T. The comparison of the immunologic 
properties of stem cells isolated from human exfoliated deciduous teeth, dental pulp, and dental 
follicles. Stem Cells Int. 2016;2016:11-13. doi:10.1155/2016/4682875 

73.  Bhandi S, Al A, Abdulaziz H, et al. Saudi Journal of Biological Sciences Comparative analysis of 
cytokines and growth factors in the conditioned media of stem cells from the pulp of deciduous , 
young , and old permanent tooth. Saudi J Biol Sci. 2021;(xxxx). doi:10.1016/j.sjbs.2021.03.031 

74.  Wiley J, Sons AS, Diogenes A, Y MAH, Teixeira FB, Hargreaves KM. An update on clinical 
regenerative endodontics. Br Dent J. 2013;215(6):289-289. doi:10.1038/sj.bdj.2013.906 

75.  Wu DT, Munguia-Lopez JG, Cho YW, et al. Polymeric scaffolds for dental, oral, and craniofacial 
regenerative medicine. Molecules. 2021;26(22). doi:10.3390/molecules26227043 

76.  Albuquerque MTP, Valera MC, Nakashima M, Nör JE, Bottino MC. Tissue-engineering-based 
strategies for regenerative endodontics. J Dent Res. 2014;93(12):1222-1231. 
doi:10.1177/0022034514549809 

77.  Gupte MJ, Ma PX. Nanofibrous scaffolds for dental and craniofacial applications. J Dent Res. 
2012;91(3):227-234. doi:10.1177/0022034511417441 

78.  Hagar MN, Yazid F, Luchman NA, Hisham S, Ariffin Z. Comparative evaluation of osteogenic 
differentiation potential of stem cells derived from dental pulp and exfoliated deciduous teeth 
cultured over granular hydroxyapatite based scaffold. BMC Oral Health. 2021:1-13. 
doi:10.1186/s12903-021-01621-0 

79.  Dayı B, Sezlev Bilecen D, Eröksüz H, Yalçın M, Hasırcı V. Evaluation of a collagen-bioaggregate 
composite scaffold in the repair of sheep pulp tissue. Eur Oral Res. 2021;0(0):152-161. 
doi:10.26650/eor.2021911441 

80.  Galler KM, D’Souza RN, Hartgerink JD, Schmalz G. Scaffolds for dental pulp tissue engineering. Adv 



Dent Res. 2011;23(3):333-339. doi:10.1177/0022034511405326 

81.  Rosa V. What and where are the stem cells for Dentistry ? Singapore Dent J. 2013;34(1):13-18. 
doi:10.1016/j.sdj.2013.11.003 

82.  Bottino MC ;Divy. PEN. Advanced Scaffolds for Dental Pulp and Periodontal Regeneration. Dent Clin 
North Am. 2017;61(4):689-711. 

83.  Rosa V, Zhang Z, Grande RHM, Nör JE. Dental pulp tissue engineering in full-length human root 
canals. J Dent Res. 2013;92(11):970-975. doi:10.1177/0022034513505772 

84.  Moussa DG, Aparicio C. Present and future of tissue engineering scaffolds for dentin-pulp complex 
regeneration. J Tissue Eng Regen Med. 2019;13(1):58-75. doi:10.1002/term.2769 

85.  Annibali S, Cristalli MP, Tonoli F, Polimeni A. Stem cells derived from human exfoliated deciduous 
teeth: a narrative synthesis of literature. Eur Rev Med Pharmacol Sci. 2014;18(19):2863-2881. 

86.  Xie F, He J, Chen Y, Hu Z, Qin M, Hui T. Multi-lineage differentiation and clinical application of stem 
cells from exfoliated deciduous teeth. Hum Cell. 2020;33(2):295-302. doi:10.1007/s13577-020-
00323-z 

87.  Arany PR, Huang GX, Gadish O, et al. Multi-lineage MSC differentiation via engineered morphogen 
fields. J Dent Res. 2014;93(12):1250-1257. doi:10.1177/0022034514542272 

88.  Gupta S, Sharma C, Dinda AK, Ray AK, Mishra NC. Tooth tissue engineering: Potential and piffalls. J 
Biomim Biomater Tissue Eng. 2012;12(1):59-81. doi:10.4028/www.scientific.net/JBBTE.12.59 

89.  y Baena AR, Casasco A, Monti M. Hypes and Hopes of Stem Cell Therapies in Dentistry: a Review. 
Stem Cell Rev Reports. 2022;18(4):1294-1308. doi:10.1007/s12015-021-10326-4 

90.  Kerkis I, Caplan AI. Stem cells in dental pulp of deciduous teeth. Tissue Eng - Part B Rev. 
2012;18(2):129-138. doi:10.1089/ten.teb.2011.0327 

91.  Hara K, Yamada Y, Nakamura S, Umemura E, Ito K, Ueda M. Potential characteristics of stem cells 
from human exfoliated deciduous teeth compared with bone marrow-derived mesenchymal stem 
cells for mineralized tissue-forming cell biology. J Endod. 2011;37(12):1647-1652. 
doi:10.1016/j.joen.2011.08.023 

92.  Koh B, Sulaiman N, Nursyazwani S, et al. Mesenchymal stem cells : A comprehensive methods for 
odontoblastic induction. Biol Proced Online. 2021:1-13. doi:10.1186/s12575-021-00155-7 

93.  Kim JK, Baker J, Nor JE, Hill EE. MTor plays an important role in odontoblast differentiation. J Endod. 
2011;37(8):1081-1085. doi:10.1016/j.joen.2011.03.034 

94.  Dahake PT, Panpaliya NP, Kale YJ, Dadpe M V, Kendre SB, Bogar C. Response of stem cells from 
human exfoliated deciduous teeth ( SHED ) to three bioinductive materials – An in vitro 
experimental study. Saudi Dent J. 2020;32(1):43-51. doi:10.1016/j.sdentj.2019.05.005 

95.  Fujii H, Matsubara K, Sakai K, et al. Dopaminergic differentiation of stem cells from human 
deciduous teeth and their therapeutic benefits for Parkinsonian rats. Brain Res. 2015;1613:59-72. 
doi:10.1016/j.brainres.2015.04.001 

96.  Nourbakhsh N, Soleimani M, Taghipour Z, et al. Induced in vitro differentiation of neural-like cells 
from human exfoliated deciduous teeth-derived stem cells. Int J Dev Biol. 2011;55(2):189-195. 



doi:10.1387/ijdb.103090nn 

97.  Liu J, Zhang ZY, Yu H, et al. Long noncoding RNA C21orf121/bone morphogenetic protein 
2/microRNA-140-5p gene network promotes directed differentiation of stem cells from human 
exfoliated deciduous teeth to neuronal cells. J Cell Biochem. 2019;120(2):1464-1476. 
doi:10.1002/jcb.27313 

98.  Priyan S, Ramalingam S, Udhayakumar Y. Human dental pulp stem cells and its applications in 
regenerative medicine – A literature review. J Global Oral Health. 2019;2(1):59-67. 
doi:10.25259/JGOH 

99.  Cooper PR, Holder MJ, Smith AJ. Inflammation and regeneration in the dentin-pulp complex: A 
double-edged sword. J Endod. 2014;40(4 SUPPL.):S46-S51. doi:10.1016/j.joen.2014.01.021 

100.  Janebodin K, Chavanachat R, Hays A. Silencing VEGFR-2 Hampers Odontoblastic Differentiation of 
Dental Pulp Stem Cells. Front. Cell DEV. Biol. 2021;9(June):1-14. doi:10.3389/fcell.2021.665886 

101.  Wang LHYLS. Stem cell-  based tooth and periodontal regeneration. 2018;(June 2017):696-705. 
doi:10.1111/odi.12703 

102.  Morotomi T, Washio A, Kitamura C. Current and future options for dental pulp therapy. Jpn Dent Sci 
Rev. 2019;55(1):5-11. doi:10.1016/j.jdsr.2018.09.001 

103.  Malik Z, Roth DM, Eaton F, Theodor JM, Graf D. Mesenchymal Bmp7 Controls Onset of Tooth 
Mineralization: A Novel Way to Regulate Molar Cusp Shape. Front Physiol. 2020;11(July):1-13. 
doi:10.3389/fphys.2020.00698 

104.  Vera C, Tapia V, Vega M, Romero C. Role of nerve growth factor and its TRKA receptor in normal 
ovarian and epithelial ovarian cancer angiogenesis. J Ovarian Res. 2014;7(1):1-8. 
doi:10.1186/s13048-014-0082-6 

105.  Wang H, Wang R, Thrimawithana T, et al. The Nerve Growth Factor Signaling and Its Potential as 
Therapeutic Target for Glaucoma. Biomed Res Int. 2014;2014. doi:10.1155/2014/759473 

106.  Zha K, Yang Y, Tian G, et al. Nerve growth factor (NGF) and NGF receptors in mesenchymal 
stem/stromal cells: Impact on potential therapies. Stem Cells Transl Med. 2021;10(7):1008-1020. 
doi:10.1002/sctm.20-0290 

 

 

Bukti melakukan review yang pertama (22 Agustus 2024) 

Your manuscript has been reviewed by experts in the field.  

(I) Please revise your manuscript according to the referees’ comments and  

upload the revised file within 5 days. 

(II) Please use the version of your manuscript found at the above link for  

your revisions.  



(III) Please check that all references are relevant to the contents of the  

manuscript. 

(IV) Any revisions made to the manuscript should be marked up using the  

“Track Changes” function if you are using MS Word/LaTeX, such that  

changes can be easily viewed by the editors and reviewers.  

(V) Please provide a short cover letter detailing your changes for the  

editors’ and referees’ approval. 

 

 

Bukti konfirmasi submit revisi pertama yang telah direvisi (27 Agustus 2022) 

 

 

 



Bukti konfirmasi artikel diterima (02 September 2022) 

 

Bukti Galery Proof Manuscript 

 



Bukti Publiksi Online Artikel (06 September 2022) 

 

 


