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Abstract: Aim: This study aims to establish the isolation method of stem cells from pulp tissue of carious deciduous teeth. Methods: The teeth
were soaked in 1% povidone–iodine solution for about 1 min followed by washing in PBS with 1% antibiotic–antimycotic thrice. Dental pulp
tissue was removed by extirpation, and then cultivated in the culture medium. Characterization of mesenchymal stem cell (MSC) was carried out
using human MSC analysis kit with positive markers CD90, CD73, and CD105, but negative for expressions of CD45, CD34, CD11b, CD19,
and HLA-DR. Differentiation capacity of stem cells from human exfoliated deciduous (SHED) was determined by staining with Alizarin S, Alcian
Blue, and Oil Red O. Results: There is no contamination after 3 days of culture. SHED derived from dental pulp were expressions of 99.2% of
positive marker and 0.3% of the negative marker. At passage 5, SHED was differentiated into osteocyte, chondrocyte, and adipocyte types of cells
in the induction medium. Conclusion: SHED derived from carious deciduous teeth can be used as a source of stem cell for regenerative medicine.
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Introduction

Mesenchymal stem cell (MSC) is an adult stem cell that
can be derived from many tissues of our body, such as
bone marrow, adipose tissue, peripheral blood, Whar-
ton’s Jelly, dental pulp, and pulp of exfoliated deciduous.
MSCs from the pulp of exfoliated deciduous are called
stem cells from human exfoliated deciduous (SHEDs).
The proliferation rate of SHED is higher than other
sources of stem cells, and the capabilities to differen-
tiate into other cells are more than dental pulp stem
cell (DPSC) and bone marrow mesenchymal stem cell
(BMMSC). SHEDs have more than 140 of population
double (PD), whereas 60–120 PD of DPS and 30–50 PD
of BMMSCs. SHED can differentiate into other cells,
such as odontoblast, osteoblast, chondroblast, adipocyte,
and neuron. As the limited number of stem cell from

adult tissue, it is necessary to develop an optimal method
to get adult stem cell with good quantity and quality [1].

The bacteria and fungi contaminations are the major
problems in the isolation of SHED. It happened because
of resorption in the exfoliated deciduous roots, hence the
pulp tissue would contact with the oral environment
during tooth extraction. There are bacteria and fungi
species in the oral environment. It was reported that
among of 293 species of bacteria, streptococcus and
candida are frequently found in oral cavity [2, 3]. Hence,
exfoliated deciduous caries-free is a source of pulp tissue
for SHED isolation.

In developing countries, education of oral health
in the childhood has not gone well, so the rate of
deciduous caries is very high. They need the develop-
ment of SHED isolation techniques to be applied
for exfoliated deciduous caries. This research aims to
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develop a method of stem cells isolation from exfoliated
deciduous caries.

Materials and Methods

Culture and isolation of SHED

In this study, deep dentin caries human exfoliated decid-
uous incisor was with 2/3 physiologic root resorption. It
was collected from a 7-year-old individual in the Usaha
Kesehatan Gigi Sekolah program at elementary school,
Indonesia. The sample must be washed on water flows to
eliminate the blood. The inclusion criteria for a carious
group were as follows: teeth with active caries lesions
(internal half of dentin), no history of spontaneous pain,
no sign suggesting irreversible pulpitis, or pulp necrosis.

Clean the entire surface of the teeth from plaque and
calculus using a lesion. The caries is excavated until the
hard tissue is reached and the teeth are washed in tap
water for 5 min. Teeth were soaked in 1% povidone–
iodine liquid for about a minute, then washed in
phosphate-buffered saline (PBS) 7.4 (70011069 Gibco,
Carlsbad, USA) with 1% antibiotic–antimycotic (Gibco
15240062) for three times. The pulp tissue was removed
and cultivated in α-modified eagle medium (αMEM)
(Sigma–Aldrich M0894, Saint Louis, USA) supplemen-
ted with NaHCO3 (Sigma–Aldrich S5761), 10%
fetal bovine serum (FBS) (F4135 Sigma–Aldrich), 1%
antibiotic–antimycotic (Gibco 15240062), and 1% non-
essential amino acid (NEAA) (Sigma–Aldrich) in a 4-well
plate (SPL 30004, Kowloon, Hong Kong). The next
day, medium was replaced and every 2 days, the culture
medium was changed for 13 days.

Flowcytometry analysis

In this study, the first passage was carried out after the stem
cells are out of the explant (pulp tissue) approxi-
mately, 40% of confluent surface using 0.25% trypsin
ethylenediaminetetraacetic acid (Sigma–Aldrich T3924).
The next passage was done after 70%–80% confluent
surface. The characterization was done using human MSC
analysis kit (BD Biosciences, San Jose, USA), with positive
markers CD90, CD73, and CD105, but negative for
expressions of CD45, CD34, CD11b, CD19, and
HLA-DR. Characterization was done on stem cells with
the passage 5.

Osteogenic, chondrogenic, and adipogenic differentiation

For differentiation into osteocytes, adipocytes, and
chondrocyte, cells were seeded in a 4-well plate at a
density of 2 × 104 cells/cm2 and cultured in the culture
medium. When the cell monolayer reached 80%–90%

confluency, the medium was replaced with induction
medium, which is osteogenesis (Gibco, A10072-01),
adipogenesis (Gibco, A10070-01), and chondrogenesis
differentiation medium (Gibco A10071-01), followed
by incubation for 2 weeks with the induction medium
replaced thrice a week. The staining procedure with Oil
Red O, Alcian Blue and Alizarin Red S were done after
successfully differentiated with marked by there droplets-
lipid or vacuoles-lipid in the cytoplasm of the cell with
adipogenesis medium, nodule–nodule of the cell mono-
layer in the chondrogenesis medium and produce calcium
deposit of the cell with osteogenesis medium. The medium
induction was removed and the cells were fixed with
4% paraformaldehyde (Sigma–Aldrich) for 15 min at room
temperature. The plates were rinsed thrice with 1× PBS and
stained with Oil Red O, Alcian Blue, and Alizarin Red S
(Sigma–Aldrich) for 5–10min at room temperature. Excess
dye was removed in case of over-staining by washing
thrice with 1× PBS. Cells were observed and images
were captured using an inverted fluorescence microscope
(Nikon Ti–E; Nikon Corporation, Tokyo, Japan).

Results

Explant (pulp tissue) has been attached on the well surface
2 h after culturing. SHED was observed to grow out from
the pulp tissue within 4 days of culture. There is no
contamination of bacteria and fungi in this culturing with
this method. After 13 days of culture, passage 1 conducted
when monolayer cells reached 40% confluence. Pulp tissue
was removed and replanted in the new culture well. After
passage, the cells were attached to the bottom of the
culture well within 2 h and reached 70% confluence within
2 days. Most cells had a typical fibroblast-like appearance
observed using an inverted microscope (Fig. 1).

One of the characteristics of MSCs is its ability to
differentiate into three types of cells, such as osteocytes,
adipocytes, and chondrocytes in the induction medium.
In this study, SHED that was isolated from dentin caries
exfoliated deciduous could be differentiated into those
cells after 2 weeks of induction. Alizarin Red S staining
showed that the SHEDs formed a small number of
calcified nodules. Oil Red O staining revealed the pres-
ence of numerous delicate lipid vacuoles, the morphology
of certain cells changed from spindle-like to polygonal
shapes, and cell hypertrophy was observed. Alcian Blue
was used to detect the extracellular matrix proteoglycan
and (nodule), and positive staining was observed after
induction (Fig. 2). This result proves that MSCs can be
isolated from dentin caries exfoliated deciduous incisors.

Characterization of SHEDs was analyzed by flowcy-
tometry to determine the expression of cell surface mar-
kers. The result showed that SHEDs highly expressed
CD90 and CD73 in every passage and optimal on 4th or
5th passage (Table I).
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Discussion

Conducting cell culture must avoid contamination of
microorganisms, mainly bacteria and fungi. Contamination
is obtainable from tools, human skills, and materials, which
were used as a source of culture. In this study, dentin caries
and resorption exfoliated deciduous were used as a source
of SHED. Exfoliated deciduous was obtained from the
elementary school, where the extraction process occurs in a
school which was not integrated with the clinical labora-
tory. This distance allows the contamination of bacteria of
the oral cavity to the pulp tissue after extraction.

Physiologically, there are at least 293 species of bacte-
ria in the oral cavity. Most were included in the phylum
Firmicutes, Bacteroides, Proteobacteria, Actinobacteria,
Spirochaetes, Fusobacteria, Eeuryarchaeota, Chlamydia,
Chloroflexi, Synergistetes, and Tenericutes. Streptococ-
cus is a genus of bacteria mostly found in the oral cavity.
Candida is a type of fungus that is most commonly
found in the oral cavity, followed by Cladosporium,

Aureobasidium, Saccharomycetales, Aspergillus, Fusari-
um, and Cryptococcus [2, 3]. It is important to use the
right ingredients in the methods for decontamination of
dentin caries exfoliated deciduous. One of the materials
that can be used is povidone–iodine. Povidone–iodine is a
broad spectrum antimicrobial agent and less potential for
resistance. Povidone–iodine formed from mixing poly-
vinylpyrrolidone and iodine to produce bactericidal
reagents is non-sensitizing and non-irritating to human
cells or tissues [4]. Mechanisms of antimicrobial obtained
by penetrating the cell wall of the microorganism and
attack the protein (amino acids cysteine and methionine),
nucleotides, and fatty acids that cause cell death [5]. An
optimal concentration of povidone–iodine is needed to
remove organism contaminants but safe for SHED. In
this experiment, 1% povidone–iodine is the optimal con-
centration. This concentration was equal to the concen-
tration of mouthwash [6].

Werle et al. [7] have successfully isolated the SHED
from carious deciduous using enzymatic methods (0.2%

Fig. 1. Isolation and morphological observation of SHEDs. (A–E) Magnification 100× and (F) 40×. (A) Dental pulp tissue of caries human
exfoliated deciduous teeth. (B) An outgrowth of stem cells from dental pulp tissue (arrow) of human exfoliated deciduous teeth (4 days of
culture). (C) Phase-contrast images showing the fibroblast-like morphology of the in vitro expanded SHEDs within 13 days of culture
(D) Passage 1 of SHEDs at 1 day of culture. (E) The cell monolayer reached 70% confluency within 4 days of culture. (F) Dentin caries
exfoliated deciduous teeth

Carious deciduous teeth as a source of stem cells
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Type I collagenase solution). In this research, explant
technique was used to isolate SHED. This technique was
easier and cheaper than enzymatic methods. Further-
more, it does not require a lot of samples. Using explant
technique, we can harvest SHED from one carious de-
ciduous. In this experiment, expression of CD90 showed
more than 90% at every passage.

International Society for Cellular Therapy (ISCT)
speculated that there are three requirements of MSC,
such as plastic adherent, expressing the positive markers
CD90, CD73 and CD105, expressing <2% marker neg-
ative CD45, CD34, CD11b, CD19, HLA-DR, and
ability to differentiate into osteocytes, chondrocytes, and
adipocytes. In this study, SHEDs were qualified as MSC
that was isolated with 1% povidone–iodine. The culture
medium used in this research was αMEM low glucose
supplemented with NaHCO3, 10% FBS, and 1% NEAA.
Using this culture medium, SHED can grow out from
pulp tissue within 4 days of culture and passage 1 within

13 days culture. It is better than Zhang et al. [8] reported
that the SHED grow out within 2–3 weeks culture.

In this research, passages 4 and 5 show expressions by
ISCT requirements. The positive surface markers such as
CD90, CD73, and CD95 are owned by fibroblast. Con-
tamination cultures with fibroblast are very possible, but
the number will be reduced because fibroblast undergoes
senescence and die. In a morphological manner, surface
marker cannot be distinguished between SHED and
fibroblast. Kundrotas [9] studies suggest that the use of
CD10, CD26, CD106, CD146, and ITGA11 could be
helpful for the discrimination of human MSCs from
human dermal fibroblasts. The low expression of a
CD105 shows that SHED is more prone to differentiate
into adipocytes and osteocytes [10].

Kerkis and Caplan [11] reported that the isolation of
stem cells from baby teeth could be cultivated by explant
method and cultured in embryonic stem cell medium
(DMEM/F12, 10%–15% FBS, 1% antibiotics, and 1%

Fig. 2. Characteristics of SHED. Phase-contrast images showing (A–C) SHEDs subjected to osteogenic, adipogenic, and chondrogenic
inductions for 2 weeks. (A) Alizarin Red S staining to detect calcium deposits (arrows). (B) Oil Red O staining of SHEDs showing
the lipid vacuoles inside SHEDs (arrow). (C) Alcian Blue staining of chondrogenic induced SHEDs showing proteoglycan (arrow).
(A and C) Magnification 100× and (B) 200×

Table I Percentage surface marker expression of SHED

Mesenchymal markers (%) P2 P3 P4 P5 P7 P8

CD90+ 99.8 98.8 99.8 99.9 96.9 100

CD73+ 99.8 98.7 99.7 99.8 97.1 100

CD105+ 20.8 79.6 98.1 99.1 82.2 40

CD90+ and CD73+ 99.7 98.7 99.4 97.5 98.5 100

CD90+, CD73+, and CD105+ 16.8 69.3 96.6 99.2 79.8 5.8

P denotes passage. SHED: stem cells from human exfoliated deciduous
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NEAA). The population cells from baby teeth are called
immature dental pulp stem cells and qualified as MSC
which required ISCT. Huang et al. [12] reported that
isolation of SHED with enzymatic was successfully quali-
fied for MSC using embryonic stem cell medium supple-
mented with 20% FBS. Other studies reported the same
results conducted by Miura, Silva, and Yamaza using
normal exfoliated deciduous [13, 14]. This research
showed that the dental caries could be a source of MSCs
particularly at SHED. This opens up opportunities for
countries with high levels of dental caries to be able to
open stem cells banking derived from carious deciduous.
Hence, this is an opportunity to use stem cell from carious
teeth for clinical application in regenerative medicine.

Conclusions

SHEDs derived from the pulp of carious deciduous teeth
expressed CD90, CD73, and CD105, but negative for
248 CD45, CD34, CD11b, CD19, and HLA-DR. This
shows that SHED can be used as a source of stem cells for
cell therapy.
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