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Abstract
Dental pulp stem/stromal cells (DPSCs) are fibroblast-like, neural crest-derived, 
and multipotent cells that can differentiate into several lineages. They are 
relatively easy to isolate from healthy and inflamed pulps, with little ethical 
concerns and can be successfully cryopreserved and thawed. The therapeutic 
effects of DPSCs derived from animal or human sources have been extensively 
studied through in-vitro and in-vivo animal experiments and the findings 
indicated that DPSCs are effective not only for dental diseases but also for 
systemic diseases. Understanding that translational research is a critical step 
through which the fundamental scientific discoveries could be translated into 
applicable diagnostics and therapeutics that directly benefit humans, several 
clinical studies were carried out to generate evidence for the efficacy and safety of 
autogenous or allogeneic human DPSCs (hDPSCs) as a treatment modality for use 
in cell-based therapy, regenerative medicine/dentistry and tissue engineering. In 
clinical medicine, hDPSCs were effective for treating acute ischemic stroke and 
human exfoliated deciduous teeth-conditioned medium (SHED-CM) repaired 
vascular damage of the corpus cavernous, which is the main cause of erectile 
dysfunction. Whereas in clinical dentistry, autologous SHED was able to rege-
nerate necrotic dental pulp after implantation into injured teeth, and micrografts 
enriched with autologous hDPSCs and collagen sponge were considered a 
treatment option for human intrabony defects. In contrast, hDPSCs did not add a 
significant regenerative effect when they were used for the treatment of post-
extraction sockets. Large-scale clinical studies across diverse populations are still 
lacking to provide robust evidence on the safety and efficacy of hDPSCs as a new 
treatment option for various human diseases including dental-related problems.

Key Words: Dental pulp stem/stromal cells; Human clinical studies; Regenerative 
medicine; Regenerative dentistry; Cell-based therapy
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Core Tip: The need for new alternative therapeutic strategies is of paramount importance to improve the cure rate and quality 
of patients’ lives. Human dental pulp stem/stromal cells and human exfoliated deciduous teeth are promising candidates for 
regenerative medicine and dentistry as they have been used clinically to treat acute ischemic stroke, erectile dysfunction, 
traumatized teeth with necrotic pulps, and intrabony defects.

Citation: Grawish ME. Human dental pulp stem/stromal cells in clinical practice. World J Stem Cells 2024; 16(2): 54-57
URL: https://www.wjgnet.com/1948-0210/full/v16/i2/54.htm
DOI: https://dx.doi.org/10.4252/wjsc.v16.i2.54

INTRODUCTION
Dental pulp is the loose connective tissue that resides in the central part of the tooth and is surrounded by a mineralized 
specialized tissue, known as dentin. It is derived from the ectomesenchyme of the dental papilla. Morphologically, it is 
composed of pulp horn(s), pulp chamber or coronal pulp, root canal(s) or radicular pulp, and accessory or lateral canal(s). 
From the dentin-pulp junction to the central part of the tooth, the pulp has four distinctive histological zones known as 
the odontoblastic zone, cell-free zone, cell-rich zone, and pulp core. The odontogenic zone of the pulp includes odonto-
blasts, the cell-free zone, the cell-rich zone, and the parietal plexus of nerves. Histologically, the pulp is composed of cells, 
fibers, ground substances, nerves, blood, and lymphatic vessels. Dental pulp cells include odontoblasts (most distinctive), 
fibroblasts (most abundant), defensive cells (macrophages and other immunocompetent cells), and undifferentiated 
ectomesenchymal or progenitor cells[1].

Undifferentiated mesenchymal cells or dental pulp stem/stromal cells (DPSCs), are adult stromal cells that regulate the 
homeostatic function of the dentin-pulp complex and play a crucial role in the regenerative processes of the pulp. They 
are fibroblast-like, neural crest-derived, multipotent cells that are located specifically in the perivascular niches of the cell-
rich zone and the pulp core. They possess multilineage differentiation potential, capacity for self-renewal, high prolif-
eration rate, and high frequency of colony formation with the capacity of terminally differentiating into odontogenic, 
osteogenic, chondrogenic, adipogenic, myogenic, and neurogenic cells[2]. They are relatively easy to collect from 
discarded teeth with little ethical concerns, can be cryopreserved while retaining their stem cell properties, and could be 
harvested from naturally lost or surgically removed teeth. The first mesenchymal stem cells isolated from the oral cavity 
were DPSCs which could be isolated from dental pulp tissues of human-extracted permanent teeth and deciduous teeth. 
The most widely used method for isolating DPSCs is enzymatic digestion of tissues or outgrowth from tissue explants. 
These cells express mesenchymal stem cell markers such as CD13, CD29, CD73, CD90, CD106, CD146, and Stro-1. 
However, they do not express hematopoietic stem cell markers such as CD34, CD45, and CD11b[3].

Our in-vitro[4-7] and other in-vivo studies performed on animal models[8-10], considered DPSCs to be the most 
promising stem cell types for regenerative therapies. As animals are not simply small humans and to produce valid and 
scientific results, clinical studies have been developed to ensure reliable and optimal conditions[11]. In the past five years, 
few clinical studies have been conducted to assess the safety and effectiveness of human DPSCs (hDPSCs) for the 
treatment of various human diseases including dental-related problems. Clinically, hDPSCs have been used to treat acute 
ischemic stroke and erectile dysfunction, and to regenerate necrotic dental pulp tissues and improve clinical parameters 
of periodontal regeneration. In contrast, hDPSCs did not add a significant regenerative effect when they were used for the 
treatment of post-extraction sockets. Unfortunately, some studies had been registered in the ClinicalTrials.gov but the 
results have not yet been released.

ANALYSES CONDUCTED
There is no clear evidence so far as to whether hDPSCs are effective in treating various human diseases including dental-
related problems. Conflicting feedback from clinical studies have been reported and some published studies showed the 
feasibility and effectiveness of hDPSCs as a treatment option while others revealed a non-significant effect. Among the 
clinical studies that reported positive feedback was one designed to treat acute ischemic stroke as a systemic disease. The 
study evaluated the efficacy and safety of JTR-161 as allogeneic hDPSCs for treating patients with acute ischemic stroke, 
compared to placebos. JTR-161 is a 5.0 mL vial containing 1.0 × 108 hDPSCs isolated from sound-extracted teeth, 
manufactured by JCR Pharmaceuticals with good manufacturing practices. Intravenous administration of JTR-161 
provided a novel therapeutic option for the treatment of patients with ischemic stroke due to the wider therapeutic time 
window for hDPSCs transplantation[12]. A second study with promising results was designed to evaluate the efficacy of 
human exfoliated deciduous teeth-conditioned medium (SHED-CM) in erectile dysfunction patients. Direct injection of 
SHED-CM into the corpus cavernosum successively repaired vascular damage, which is the main cause of erectile 
dysfunction. The repair mechanism was attributed to the beneficial effect of SHED-CM in treating pathological damage of 
vascular endothelial cells of the corpus cavernosum[13].

From the dental viewpoint and compared to an apexification group, when the autologous aggregates containing a total 
of 1 × 108 SHED was implanted into traumatized permanent incisors this led to the regeneration of three-dimensional 
pulp tissue equipped with sensory nerves and blood vessels. The regenerative capacities of the aggregates increased the 
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length of the root and reduced the width of the apical foramen without any adverse events[14]. Another promising study 
was carried out to evaluate the effect of a biocomplex formed from micrografts enriched with autologous hDPSCs and a 
collagen sponge scaffold as a treatment option for human chronic periodontitis presenting with one deep intrabony 
defect. Compared to the control defects that were filled only with collagen sponge, the defects filled with micrografts 
seeded onto collagen sponge showed that the application of hDPSCs significantly improved clinical and radiographic 
parameters of periodontal regeneration after one year of treatment as it reduced probing depth, increased clinical 
attachment level and bone defect fill[15].

Contrary to the above-mentioned studies, it has been reported that hDPSCs did not add a significant regenerative 
effect when they were used for the treatment of post-extraction sockets. The clinical and radiographic parameters were 
evaluated for the effectiveness of micrografts enriched with hDPSCs combined with leukocyte-platelet-rich fibrin (L-PRF) 
membranes on the periodontal status of the lower second molars after placing them into the extraction sockets of 
impacted mandibular third molars. The hDPSCs did not significantly contribute to the results compared to L-PRF therapy 
alone as there were no improvements in the probing pocket depth, clinical attachment levels, vertical bone loss, and 
relative bone density distal to the lower second molars[16]. Moreover, when the autologous hDPSCs were delivered in a 
collagen matrix for post-extraction socket healing, after a 6-month follow-up period, autologous hDPSCs were unable to 
reduce socket bone resorption after lower third molar extraction. Computed tomography and an advanced display 
platform were used to record extraction socket density (HU) and height (mm) of the distal interdental bone septum of the 
second molar[17].

On the other hand, there are some studies registered on ClinicalTrials.gov but unfortunately, the results have not yet 
been released. The goal of one study was to evaluate the safety and feasibility of autologous hDPSCs therapy in patients 
with a chronic disability after stroke. They designed the study to determine the maximum tolerable dose of autologous 
hDPSCs therapy and if this maximum tolerable dose is safe and feasible in chronic stroke. Advanced magnetic resonance, 
positron emission tomography neuroimaging, and clinical assessment were the chosen tools to determine any change 
afforded by stem cell therapy in combination with rehabilitation[18]. Moreover, another study aimed to assess the safety 
and efficacy of allogeneic hDPSCs in treating severe pneumonia caused by COVID-19. The authors reported that they will 
enroll twenty serious COVID-19 patients to be randomized into two equal groups as certain patients will receive an 
intravenous injection of 3.0 × 107 hDPSCs suspended in 30 mL saline solution on days 1, 4, and 7 whereas patients in the 
control group will receive an equal amount of saline on the same days. Laboratory and clinical observations are 
considered the tools for analysis of each case in this 28-d study[19].

PERSPECTIVE
Currently, progress in the field of stem cells is very attractive and promising with reports of clinical success in treating 
certain diseases. The hDPSCs have been used in clinical studies to treat acute ischemic stroke, regenerate dental pulp 
tissues, and promote periodontal tissue regeneration. Unfortunately, most of the performed clinical studies were 
designed as phase I which involved a small group of participants. It is well known that phase I studies are concerned 
with determining a safe dose of the drug being studied as well as its potential side effects. Therefore phases II, III, and IV 
of large-scale studies are required to determine the time of the treatment’s effectiveness, to compare with standard 
treatments and for approval of the new treatments by the Food and Drug Administration. In addition, long-term follow-
up in the form of patient surveys or periodic health examinations and multiregional clinical studies across diverse 
populations is mandatory to produce strong evidence on the feasibility and effectiveness of hDPSCs as a treatment 
option. Before conducting such clinical studies, simplified protocols of hDPSCs’ isolation, expansion, cryopreservation, 
techniques, and related application methods should be established. In addition, problems such as the risk of contam-
ination by microorganisms, high treatment costs, and ethical treatment policies should be overcome to obtain the benefits 
of using hDPSCs in clinical studies.

CONCLUSION
To gain the full beneficial effects of hDPSCs-based treatment, harvesting hDPSCs from inflammatory tissues, expanding-
free strategies, and applying hDPSCs-CM or hDPSCs-small extracellular vesicles should be studied, as they have strong 
application potential and research value. Taken together, hDPSCs-based therapy is a promising tool for the treatment of 
various diseases and can be further promoted.

FOOTNOTES
Author contributions: Grawish ME designed, analyzed, and wrote the manuscript.

Conflict-of-interest statement: The author reports no relevant conflicts of interest for this article.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers. 
It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to 



Grawish ME. hDPSCs in clinical practice

WJSC https://www.wjgnet.com 57 February 26, 2024 Volume 16 Issue 2

distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the 
original work is properly cited and the use is non-commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

Country/Territory of origin: Egypt

ORCID number: Mohammed E Grawish 0000-0003-4732-8022.

S-Editor: Wang JJ 
L-Editor: Webster JR 
P-Editor: Zhao YQ

REFERENCES
1 Grawish ME, Grawish LM, Grawish HM, Grawish MM, El-Negoly SA. Challenges of Engineering Biomimetic Dental and Paradental 

Tissues. Tissue Eng Regen Med 2020; 17: 403-421 [PMID: 32621282 DOI: 10.1007/s13770-020-00269-1]
2 Al Madhoun A, Sindhu S, Haddad D, Atari M, Ahmad R, Al-Mulla F. Dental Pulp Stem Cells Derived From Adult Human Third Molar 

Tooth: A Brief Review. Front Cell Dev Biol 2021; 9: 717624 [PMID: 34712658 DOI: 10.3389/fcell.2021.717624]
3 Zhao J, Zhou YH, Zhao YQ, Gao ZR, Ouyang ZY, Ye Q, Liu Q, Chen Y, Tan L, Zhang SH, Feng Y, Hu J, Dusenge MA, Feng YZ, Guo Y. 

Oral cavity-derived stem cells and preclinical models of jaw-bone defects for bone tissue engineering. Stem Cell Res Ther 2023; 14: 39 [PMID: 
36927449 DOI: 10.1186/s13287-023-03265-z]

4 Abou ElReash A, Hamama H, Grawish M, Saeed M, Zaen El-Din AM, Shahin MA, Zhenhuan W, Xiaoli X. A laboratory study to test the 
responses of human dental pulp stem cells to extracts from three dental pulp capping biomaterials. Int Endod J 2021; 54: 1118-1128 [PMID: 
33567103 DOI: 10.1111/iej.13495]

5 Sultan N, Amin LE, Zaher AR, Grawish ME, Scheven BA. Dental pulp stem cells stimulate neuronal differentiation of PC12 cells. Neural 
Regen Res 2021; 16: 1821-1828 [PMID: 33510089 DOI: 10.4103/1673-5374.306089]

6 Sultan N, Amin LE, Zaher AR, Grawish ME, Scheven BA. Neurotrophic effects of dental pulp stem cells on trigeminal neuronal cells. Sci Rep 
2020; 10: 19694 [PMID: 33184395 DOI: 10.1038/s41598-020-76684-0]

7 Saeed MA, El-Rahman MA, Helal ME, Zaher AR, Grawish ME. Efficacy of Human Platelet Rich Fibrin Exudate vs Fetal Bovine Serum on 
Proliferation and Differentiation of Dental Pulp Stem Cells. Int J Stem Cells 2017; 10: 38-47 [PMID: 28215057 DOI: 10.15283/ijsc16067]

8 Jashire Nezhad N, Safari A, Namavar MR, Nami M, Karimi-Haghighi S, Pandamooz S, Dianatpour M, Azarpira N, Khodabandeh Z, Zare S, 
Hooshmandi E, Bayat M, Owjfard M, Zafarmand SS, Fadakar N, Jaberi AR, Salehi MS, Borhani-Haghighi A. Short-term beneficial effects of 
human dental pulp stem cells and their secretome in a rat model of mild ischemic stroke. J Stroke Cerebrovasc Dis 2023; 32: 107202 [PMID: 
37354874 DOI: 10.1016/j.jstrokecerebrovasdis.2023.107202]

9 Nowzari F, Zare M, Tanideh N, Meimandi-Parizi A, Kavousi S, Saneian SM, Zare S, Koohi-Hosseinabadi O, Ghaemmaghami P, Dehghanian 
A, Daneshi S, Azarpira N, Aliabadi A, Samimi K, Irajie C, Iraji A. Comparing the healing properties of intra-articular injection of human 
dental pulp stem cells and cell-free-secretome on induced knee osteoarthritis in male rats. Tissue Cell 2023; 82: 102055 [PMID: 36948080 
DOI: 10.1016/j.tice.2023.102055]

10 Ziauddin SM, Nakashima M, Watanabe H, Tominaga M, Iohara K. Biological characteristics and pulp regeneration potential of stem cells 
from canine deciduous teeth compared with those of permanent teeth. Stem Cell Res Ther 2022; 13: 439 [PMID: 36056397 DOI: 
10.1186/s13287-022-03124-3]

11 Umscheid CA, Margolis DJ, Grossman CE. Key concepts of clinical trials: a narrative review. Postgrad Med 2011; 123: 194-204 [PMID: 
21904102 DOI: 10.3810/pgm.2011.09.2475]

12 Suda S, Nito C, Ihara M, Iguchi Y, Urabe T, Matsumaru Y, Sakai N, Kimura K; J- REPAIR trial group. Randomised placebo-controlled 
multicentre trial to evaluate the efficacy and safety of JTR-161, allogeneic human dental pulp stem cells, in patients with Acute Ischaemic 
stRoke (J-REPAIR). BMJ Open 2022; 12: e054269 [PMID: 35613802 DOI: 10.1136/bmjopen-2021-054269]

13 Koga S, Horiguchi Y. Efficacy of a cultured conditioned medium of exfoliated deciduous dental pulp stem cells in erectile dysfunction 
patients. J Cell Mol Med 2022; 26: 195-201 [PMID: 34845823 DOI: 10.1111/jcmm.17072]

14 Xuan K, Li B, Guo H, Sun W, Kou X, He X, Zhang Y, Sun J, Liu A, Liao L, Liu S, Liu W, Hu C, Shi S, Jin Y. Deciduous autologous tooth 
stem cells regenerate dental pulp after implantation into injured teeth. Sci Transl Med 2018; 10 [PMID: 30135248 DOI: 
10.1126/scitranslmed.aaf3227]

15 Ferrarotti F, Romano F, Gamba MN, Quirico A, Giraudi M, Audagna M, Aimetti M. Human intrabony defect regeneration with micrografts 
containing dental pulp stem cells: A randomized controlled clinical trial. J Clin Periodontol 2018; 45: 841-850 [PMID: 29779220 DOI: 
10.1111/jcpe.12931]

16 Cubuk S, Oduncuoglu BF, Alaaddinoglu EE. The effect of dental pulp stem cells and L-PRF when placed into the extraction sockets of 
impacted mandibular third molars on the periodontal status of adjacent second molars: a split-mouth, randomized, controlled clinical trial. Oral 
Maxillofac Surg 2023; 27: 59-68 [PMID: 35141806 DOI: 10.1007/s10006-022-01045-2]

17 Barbier L, Ramos E, Mendiola J, Rodriguez O, Santamaria G, Santamaria J, Arteagoitia I. Autologous dental pulp mesenchymal stem cells for 
inferior third molar post-extraction socket healing: A split-mouth randomised clinical trial. Med Oral Patol Oral Cir Bucal 2018; 23: e469-
e477 [PMID: 29924768 DOI: 10.4317/medoral.22466]

18 Nagpal A, Kremer KL, Hamilton-Bruce MA, Kaidonis X, Milton AG, Levi C, Shi S, Carey L, Hillier S, Rose M, Zacest A, Takhar P, Koblar 
SA. TOOTH (The Open study Of dental pulp stem cell Therapy in Humans): Study protocol for evaluating safety and feasibility of autologous 
human adult dental pulp stem cell therapy in patients with chronic disability after stroke. Int J Stroke 2016; 11: 575-585 [PMID: 27030504 
DOI: 10.1177/1747493016641111]

19 Ye Q, Wang H, Xia X, Zhou C, Liu Z, Xia ZE, Zhang Z, Zhao Y, Yehenala J, Wang S, Zhou G, Hu K, Wu B, Wu CT, He Y. Safety and 
efficacy assessment of allogeneic human dental pulp stem cells to treat patients with severe COVID-19: structured summary of a study protocol 
for a randomized controlled trial (Phase I / II). Trials 2020; 21: 520 [PMID: 32532356 DOI: 10.1186/s13063-020-04380-5]

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0003-4732-8022
http://orcid.org/0000-0003-4732-8022
http://www.ncbi.nlm.nih.gov/pubmed/32621282
https://dx.doi.org/10.1007/s13770-020-00269-1
http://www.ncbi.nlm.nih.gov/pubmed/34712658
https://dx.doi.org/10.3389/fcell.2021.717624
http://www.ncbi.nlm.nih.gov/pubmed/36927449
https://dx.doi.org/10.1186/s13287-023-03265-z
http://www.ncbi.nlm.nih.gov/pubmed/33567103
https://dx.doi.org/10.1111/iej.13495
http://www.ncbi.nlm.nih.gov/pubmed/33510089
https://dx.doi.org/10.4103/1673-5374.306089
http://www.ncbi.nlm.nih.gov/pubmed/33184395
https://dx.doi.org/10.1038/s41598-020-76684-0
http://www.ncbi.nlm.nih.gov/pubmed/28215057
https://dx.doi.org/10.15283/ijsc16067
http://www.ncbi.nlm.nih.gov/pubmed/37354874
https://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2023.107202
http://www.ncbi.nlm.nih.gov/pubmed/36948080
https://dx.doi.org/10.1016/j.tice.2023.102055
http://www.ncbi.nlm.nih.gov/pubmed/36056397
https://dx.doi.org/10.1186/s13287-022-03124-3
http://www.ncbi.nlm.nih.gov/pubmed/21904102
https://dx.doi.org/10.3810/pgm.2011.09.2475
http://www.ncbi.nlm.nih.gov/pubmed/35613802
https://dx.doi.org/10.1136/bmjopen-2021-054269
http://www.ncbi.nlm.nih.gov/pubmed/34845823
https://dx.doi.org/10.1111/jcmm.17072
http://www.ncbi.nlm.nih.gov/pubmed/30135248
https://dx.doi.org/10.1126/scitranslmed.aaf3227
http://www.ncbi.nlm.nih.gov/pubmed/29779220
https://dx.doi.org/10.1111/jcpe.12931
http://www.ncbi.nlm.nih.gov/pubmed/35141806
https://dx.doi.org/10.1007/s10006-022-01045-2
http://www.ncbi.nlm.nih.gov/pubmed/29924768
https://dx.doi.org/10.4317/medoral.22466
http://www.ncbi.nlm.nih.gov/pubmed/27030504
https://dx.doi.org/10.1177/1747493016641111
http://www.ncbi.nlm.nih.gov/pubmed/32532356
https://dx.doi.org/10.1186/s13063-020-04380-5


Published by Baishideng Publishing Group Inc 

7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA 

Telephone: +1-925-3991568 

E-mail: office@baishideng.com 

Help Desk: https://www.f6publishing.com/helpdesk 

https://www.wjgnet.com

© 2024 Baishideng Publishing Group Inc. All rights reserved.

mailto:office@baishideng.com
https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

	Abstract
	INTRODUCTION
	ANALYSES CONDUCTED
	PERSPECTIVE
	CONCLUSION
	FOOTNOTES
	REFERENCES

