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The potency and quality of adult stem cells in our body is reversely proportional to our age.
When stem cells were discovered in deciduous teeth, it has drawn much attention to the dental and
medical fields. Because these cells are normally from children shedding teeth around ages 6-12, they
are relatively more immature stem cells. The isolated stem cells from the pulp of deciduous teeth
were named SHED (stem cells from exfoliated deciduous teeth) [17]. As other dental stem cells,
SHED are a type of typical mesenchymal stromal/stem cells (MSCs) expressing CD146, CD105,
CD73, CD29 and CD44; as well as expressing embryonic stem (ES) cell markers OCT4, NANOG,
stage-specific embryonic antigens (SSEA-3, SSEA-4) and tumor recognition antigens (TRA-1-60 and
TRA-1-81) [2]. They have a relatively high population doubling (>140) and can form sphere culture
and expand in a manner similar to neurospheres formed by neural stem cells [17]. The
characterization of these cells were quite extensive in this first report. Cells were induced into neural
lineages and injected into the mouse brain and found to have survived and expressed neural markers.
Since then, SHED have been extensively studied for their various potential: osteogenic potential for
bone regeneration [3,47, chondrogenic differentiation for cartilage repair [57], muscle cell
differentiation to treat muscular dystrophy [67, neural differentiation to repair spinal cord injury
[77, dopaminergic differentiation for Parkinson’s disease [ 87, differentiation into corneal epithelium
for ocular surface regeneration [97], renotropic properties and attenuation of inflammation of
damaged kidney [10,117, differentiation into hepatocyte-like cells [127, and treatment of
autoimmune diseases such as lupus erythematosus for their immunosuppressive properties [137.
Such versatile potential marks SHED a highly attractive cell source for medical applications.

Since the report of the discovery of SHED in 20083, certain tooth banking companies have
also emerged. Studies to test cryopreserving SHED have shown that these cells can recover after

thawing and behave similarly to the non-cryopreserved counterparts [147]. When the deciduous
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tooth was cryopreserved and later thawed to isolate SHED, the cells also behave similarly compared
to their counterparts [157]. The other report studied showed that cells isolated from cryopreserved
intact primary teeth had morphological changes with lower culture rates and proliferation potential
[16]. Besides SHED, there are also periodontal ligament cells from deciduous teeth (dePDLSCs)
that have been isolated and characterized. Compared to the same cell type from permanent teeth
(pePDLSCs), both are typical MSCs having similar characteristics [17]. dePDLSCs appear to be
more proliferative and osteogenic while pePDLSCs secrete more neurotropic factors [18,197.
Overall, less studies have been reported on dePDLSCs, although they also present as a viable cell
source for regenerative applications.

While these MSCs from deciduous teeth have shown much promise in their medical
applications, reported studies so far have been only tested in animal models. Human trials using
these cells have yet to be reported. Regarding banking deciduous teeth, most tooth banking
companies cryopreserve primary teeth instead of isolated cells because higher cost is involved if to
culture SHED or dePDLSCs that are to be clinically used in the future. All the reagents involved
that are in contact with cells for clinical use will be highly regulated and inspected.

From the perspective of obtaining SHED, the sources are quite available as everyone sheds
one’s deciduous teeth which can be collected for cell isolation. Studies have shown that even carious
deciduous teeth can yield viable SHED [207. One shortcoming is that although SHED have a high
population doubling and can be cultured to many passages to expand the cell number for therapeutic
use, ultimately there is still a limitation. Alternatively, SHED can be reprogrammed into induced
pluripotent stem cells which are similar to embryonic stem cells. These cells can yield a large

number of cells for even border range of medical applications [217].

References

1. Miura M, Gronthos S, Zhao M, Lu B, Fisher LW, Robey PG, Shi S. SHED: stem cells from human
exfoliated deciduous teeth. Proc Natl Acad Sci U S A 2003; 100(10):5807-12.

2. Rerkis I, Kerkis A, Dozortsev D, Stukart-Parsons GC, Gomes Massironi SM, Pereira LV, Caplan AI, Cerruti
HF. Isolation and characterization of a population of immature dental pulp stem cells expressing OCT-4 and
other embryonic stem cell markers. Cells Tissues Organs 2006; 184(38-4):105-16.

3. Yamada Y, Ito K, Nakamura S, Ueda M, Nagasaka T. Promising cell-based therapy for bone regeneration
using stem cells from deciduous teeth, dental pulp, and bone marrow. Cell Transplant 2011; 20(7):1003-13. doi:
10.8727/096368910X539128.

4. Zheng Y, Liu Y, Zhang CM, Zhang HY, Li WH, Shi S, Le AD, Wang SL. Stem cells from deciduous tooth
repair mandibular defect in swine. J Dent Res 2009; 88(3):249-54. doi: 10.1177/0022034509333804.

5. Chen K, Xiong H, Xu N, Shen Y, Huang Y, Liu C. Chondrogenic potential of stem cells from human
exfoliated deciduous teeth in vitro and in vivo. Acta Odontol Scand 2014; 72(8):664-72. doi:
10.83109/000163857.2014.888756.

6. Kerkis I, Ambrosio CE, Kerkis A, Martins DS, Zucconi E, Fonseca SA, Cabral RM, Maranduba CM, Gaiad
TP, Morini AC, Vieira NM, Brolio MP, Sant'Anna OA, Miglino MA, Zatz M. Early transplantation of human
immature dental pulp stem cells from baby teeth to golden retriever muscular dystrophy (GRMD) dogs: Local
or systemic? J Transl Med 2008; 6:35. doi: 10.1186/1479-5876-6-35.

7. Sakai K, Yamamoto A, Matsubara K, Nakamura S, Naruse M, Yamagata M, Sakamoto K, Tauchi R, Wakao
N, Imagama S, Hibi H, Kadomatsu K, Ishiguro N, Ueda M. Human dental pulp-derived stem cells promote

2

OMO,

BY



DOI: http://dx.doi.org/10.4034/PBOCI.2017.171.ed3
ISSN 1519-0501

-'/‘/ Pesquisa Brasileira em Odontopediatria e Clinica Integrada 2017, 17(1):e3768 SR EN
locomotor recovery after complete transection of the rat spinal cord by multiple neuro-regenerative
mechanisms. J Clin Invest 2012; 122(1):80-90. doi: 10.1172/JCI59251.

8. Wang J, Wang X, Sun Z, Wang X, Yang H, Shi S, Wang S. Stem cells from human-exfoliated deciduous
teeth can differentiate into dopaminergic neuron-like cells. Stem Cells Dev 2010; 19(9):1875-83. doi:
10.1089/5¢d.2009.0258.

9. Gomes JA, Geraldes Monteiro B, Melo GB, Smith RL, Cavenaghi Pereira da Silva M, Lizier NF, Kerkis A,
Cerruti H, Kerkis I. Corneal reconstruction with tissue-engineered cell sheets composed of human immature
dental pulp stem cells. Invest Ophthalmol Vis Sci 2010; 51(8):1408-14. doi: 10.1167/10vs.09-4029.

10. Barros MA, Martins JF, Maria DA, Wenceslau CV, De Souza DM, Kerkis A, Camara NO, Balieiro JC,
Kerkis I. Immature dental pulp stem cells showed renotropic and pericyte-like properties in acute renal failure
in rats. Cell Med 2014; 7(8):95-108. doi: 10.8727/215517914X680038.

11. Hattori Y, Kim H, Tsuboi N, Yamamoto A, Akiyama S, Shi Y, Katsuno T, Kosugi T, Ueda M, Matsuo S,
Maruyama S. Therapeutic potential of stem cells from human exfoliated deciduous teeth in models of acute
kidney injury. PLoS One 2015; 10(11):e0143561. doi: 10.1871/journal.pone.0143561.

12. Su WT, Chen XW. Stem cells from human exfoliated deciduous teeth differentiate into functional
hepatocyte-like cells by herbal medicine. Biomed Mater Eng 2014; 24(6):2248-7. doi: 10.3233/BME-141036.
13. Yamaza T, Kentaro A, Chen C, Liu Y, Shi Y, Gronthos S, Wang S, Shi S. Immunomodulatory properties of
stem cells from human exfoliated deciduous teeth. Stem Cell Res Ther 2010; 1(1):5. doi: 10.1186/scrt5.

14. Ma L, Makino Y, Yamaza H, Akiyama K, Hoshino Y, Song G, Kukita T, Nonaka K, Shi S, Yamaza T.
Cryopreserved dental pulp tissues of exfoliated deciduous teeth is a feasible stem cell resource for regenerative
medicine. PLoS One 2012; 7(12):e51777. doi: 10.1871/journal.pone.0051777.

15. Lee HS, Jeon M, Kim SO, Kim SH, Lee JH, Ahn SJ, Shin Y, Song JS. Characteristics of stem cells from
human exfoliated deciduous teeth (SHED) from intact cryopreserved deciduous teeth. Cryobiology 2015;
71(8):374-83. doi: 10.1016/].cryobiol.2015.10.146.

16. Lindemann D, Werle SB, Steftens D, Garcia-Godoy F, Pranke P, Casagrande L. Effects of cryopreservation
on the characteristics of dental pulp stem cells of intact deciduous teeth. Arch Oral Biol 20145 59(9):970-6. doi:
10.1016/j.archoralbio.2014.04.008.

17. Silvério KG, Rodrigues TL, Coletta RD, Benevides L, Da Silva JS, Casati MZ, Sallum EA, Nociti FH Jr.
Mesenchymal stem cell properties of periodontal ligament cells from deciduous and permanent teeth. J
Periodontol 2010; 81(8):1207-15. doi: 10.1902/jop.2010.090729.

18. Kim K, Jeon M, Lee HS, Park JC, Moon SJ, Kim SO, Cho SW, Song JS. Comparative analysis of secretory
factors from permanent- and deciduous-teeth periodontal ligament cells. Arch Oral Biol 2016; 71:65-79. doi:
10.1016/j.archoralbio.2016.07.003.

19.JiK, Liu Y, Lu W, Yang F, Yu J, Wang X, Ma Q, Yang Z, Wen L, Xuan K. Periodontal tissue engineering
with stem cells from the periodontal ligament of human retained deciduous teeth. J Periodontal Res 2013;
48(1):105-16. doi: 10.1111/§.1600-0765.2012.01509.X.

20. Werle SB, Lindemann D, Steffens D, Demarco FF, de Araujo FB, Pranke P, Casagrande L. Carious
deciduous teeth are a potential source for dental pulp stem cells. Clin Oral Investig 2016; 20(1):75-81. doi:
10.1007/500784-015-1477-5.

21. Yan X, Qin H, Qu C, Tuan RS, Shi S, Huang GT. iPS cells reprogrammed from human mesenchymal-like
stem/progenitor cells of dental tissue origin. Stem Cells Dev 2010; 19(4):469-80. doi: 10.1089/5¢d.2009.03 14.




