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ABSTRACT
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Objective: The aim of the present study was to evaluate the influence of a cryopreservation protocol
on the proliferation and viability of stem cells from human exfoliated deciduous teeth (SHEDs).
Materials and methods: Cells from the pulp of three deciduous teeth were isolated and characterized
to confirm their stem cell nature. In second passage, part of the cells were submitted to normal condi-
tions of cell culture (Control group), while part of the cells were maintained in 10% DMSO diluted in
foetal bovine serum and submitted to the following cryopreservation protocol: 2h at 4°C, 18h at
—20°C and then at —80°C for two intervals (30 days - Cryopreservation |; and 180 days
Cryopreservation ll). Cell proliferation and cell cycle were evaluated at intervals of 24, 48 and 72 h after
plating, and apoptosis-related events were analyzed at 72 h.

Results: All groups exhibited an increase in the number of cells, and no significant differences
between the cryopreserved and control groups were observed (p >.05). The distribution of cells in the
cell cycle phases was consistent with cell proliferation, and the percentage of viable cells was higher
than 99% in all groups, indicating that cell viability was not affected by the cryopreservation protocol
throughout the experiment.

Conclusion: The proposed cryopreservation protocol is adequate for the storage of SHED, permitting
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their use in future experimental studies.

Introduction

Human deciduous teeth have been described as a promising
source of mesenchymal stem cells. These cells are able to dif-
ferentiate in vitro into different cell lineages and could be
used in different clinical applications, including dental tissue
engineering,[1] bone defect repair [2] and even the treatment
of neural damage and degenerative diseases,[3,4] a fact high-
lighting the importance of further studies in this area.

The isolation of stem cells from exfoliated deciduous teeth
has no ethical or legal implications since this tissue is consid-
ered ‘disposable’ and readily accessible in young patients.[5]
The fact that children usually lose 20 deciduous teeth
throughout childhood offers multiple opportunities for the
preservation of these stem cells, in contrast to other tissue
sources such as umbilical cord blood.[6]

The potential of clinical application of stem cells derived
from the pulp of exfoliated deciduous teeth (SHEDs) is also
attributed to the non-significant immunogenicity of these
cells, thus permitting their use in allogenic transplants with-
out immunosuppressors.[7,8] These cells are therefore consid-
ered important for the creation of cell banks, which require
the preservation of cells for long periods of time.[9-11]

A safe approach to store SHEDs for subsequent use are
cryopreservation techniques, which cease the biological func-
tions of living tissues at an ultra-low temperature, generally
about —196°C.[12] The identification of simple, efficient and
safe cryopreservation protocols for each type of cell, espe-
cially altering the maintenance temperature of cells, is
important to reduce the costs of the process and to permit
the installation of easily accessible stem cell banks.[13]

In this respect, it is extremely important to determine
whether the cryopreservation protocol used affects the viabil-
ity and proliferative capacity of cells. Therefore, the objective
of the present study was to evaluate in vitro the influence of
a cryopreservation protocol on the proliferation and viability
of SHED:s.

Materials and methods
Subjects

The study was approved by the Ethics Committee of the
Federal University of Rio Grande do Norte (CEP/UFRN,
Protocol No. 232/2011). Three deciduous teeth in the final
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stage of exfoliation or with an indication for extraction were
obtained from children aged 6-10 years and used for the iso-
lation of SHEDs.

Cell culture

After extraction, each tooth was immediately stored in a
Falcon tube containing 5mL alpha-MEM medium on ice. In a
laminar flow cabinet, the teeth were washed three times for
10 min each with a solution consisting of alpha-MEM medium
supplemented with 10,000 IU/mL penicillin, 10,000 ng/mL
streptomycin, 100 mg/mL gentamicin and 250 pg/mL ampho-
tericin B in order to eliminate possible contamination.

For the isolation of SHEDs, the pulp tissue was carefully
removed by curettage, and the extract was submitted to
enzymatic digestion with 3mg/mL collagenase | (Gibco,
Grand Island, NY) and 4 mg/mL dispase (Gibco, Grand Island,
NY) for 1h at 37°C. The cells obtained from each sample
were cultured in 35-mm diameter tissue culture dishes (TPP,
Switzerland) containing alpha-MEM medium supplemented
with 15% foetal bovine serum (FBS) at 37°C in a 5% CO2
atmosphere until they had reached 70-90% confluence. The
medium was changed every 3 days.

In the first passage (P1), the cells were analyzed to confirm
their stem cell nature, according to the criteria of The
International Society for Cellular Therapy established by
Dominici et al. [14] First, an aliquot of cells was evaluated by
flow cytometry using the Human MSC Analysis Kit (BD
Stemflow™, San Diego, CA) to evaluate surface markers of
mesenchymal stem cells (CD90-FITC; CD73-APC; CD105 PerCP-
Cy5.5) and MSC negative cocktail (CD45, CD34, CD11b, CD19,
HLA-DR). The same analysis was also performed after the cryo-
preservation intervals in order to identify whether cryopre-
served cells maintain their properties as MSCs. Additionally,
the multilineage differentiation potential of SHEDs was con-
firmed by culturing the cells in osteogenic and adipogenic dif-
ferentiation media (StemPro® Differentiation Kits, Invitrogen,
Carlsbad, CA) for up to 21 days.

Study design

After characterization, SHEDs were divided into three groups:
control, immediate culture of SHEDs; cryopreserved |, cryo-
preservation of SHEDs for 30 days and subsequent culture as
described for the control group; cryopreserved I, cryopreser-
vation of SHEDs for 180 days and subsequent culture as
described for the control group.

The cells of each group were evaluated regarding their
proliferative capacity and to identify apoptosis- and cell
cycle-related events, as shown in Figure 1.

Cryopreservation

In the second-passage (P2), the cells of each tooth were
counted and divided into three aliquots of 1 x 10° cells; two
of them were submitted to cryopreservation and the third
one was submitted to normal conditions of cell culture (con-
trol group). The SHEDs were immersed in FBS with 10%
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Figure 1. Experimental design. P1, first passage; P2, second passage; P3, third
passage; P4, fourth passage.

dimethyl sulphoxide (DMSO) in 2-mL cryo-vials and submit-
ted to the following cryopreservation protocol: 2h at 4°C,
18h at —20°C and then maintained at —80°C. These cells
were cryopreserved for 30 and 180 days. After this period,
the cells were thawed and submitted to the same cell culture
protocol as described for the control group.

The cryo-vials containing the SHEDs were thawed in a
water bath at 37°C. The cells obtained were washed carefully
to remove the cryoprotectant and then centrifuged at
1200 rpm for 8 min. The supernatant was aspirated, and the
cells were resuspended in cultured medium and incubated.

Analysis of cell proliferation

Third-passage (P3) SHEDs of each group were cultured in 24-
well plates at a density of 3 x 10* cells/well. The Trypan blue
exclusion method was used for the analysis of cell prolifer-
ation in the different groups. For this purpose, the number
of cells adhered to the plastic surface of four wells (n=4)
per pulp at 24, 48 and 72 h after plating was determined.

Analysis of apoptosis and cell cycle

The effects of the cryopreservation protocol on apoptosis
were evaluated by flow cytometry using the FITC/Annexin V
Dead Cell Apoptosis Kit with FITC annexin and propidium
iodide (PI) (Invitrogen Corp., Carlsbad, CA). For this purpose,
the cells were cultured in triplicate in 6-well plates at a dens-
ity of 2 x 10° cells/well. After 24 and 72 h of culture, the cells
were trypsinized, collected and washed with ice-cold PBS.
The supernatant was discarded, and the cells were resus-
pended in 200 uL 1X binding buffer. Next, 3 uL annexin V-
FITC and 1pL (100 ug/mL) Pl were added. The cells were
incubated for 15min at room temperature protected from
light. After incubation, 400 puL 1X binding buffer for annexin
V was added, and the cells were analyzed in a flow cytome-
ter, measuring the fluorescence emitted at 530 and 575 nm.
For evaluation of the effects of the cryopreservation proto-
col on the cell cycle, the cells were incubated with 2% paraf-
ormaldehyde for 30min, washed with ice-cold PBS and
permeabilized with 0.01% saponin for 15 min. The cells were
incubated with 10 uL RNAse (4 mg/mL) for 30 min at 37°C.
Next, 5puL PI (25 mg/mL) and 200 pL ice-cold PBS were added
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to the cells and cell cycle analysis was performed in a flow
cytometer (585/42 nm).

Statistical analysis

Differences between groups at each time point were ana-
lyzed by the Kruskal-Wallis and Mann-Whitney tests, consid-
ering a level of significance of 5% (p <.05).

Results

In flow cytometry, the cells revealed positive staining for sur-
face markers of mesenchymal stem cells (CD90, CD73,

CD105) and negative staining for markers of haematopoietic
cells (CD45, CD34, CD11b, CD19, HLA-DR) in the first passage
(P1) and after 30 and 180 days of cryopreservation (Figure 2).
Light microscopy analysis showed the deposition of mineral-
ized matrix stained with von Kossa stain and lipid vesicles
stained with Oil Red O, corresponding to the differentiation
of osteoblastic and adipose cells, respectively (Figure 3).

All groups exhibited an upward shift of cell proliferation
(Figure 4). No significant differences were observed between
the cryopreserved and control (non-cryopreserved) groups
(p > .05).

With respect to cell viability analyzed by the Trypan blue
exclusion method, Table 1 shows no significant changes in
the percentage of viable cells in the different groups
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Figure 2. Flow cytometric analysis of the expression of positive and negative mesenchymal stem cell markers on SHEDs.
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Figure 4. Number of SHEDs submitted or not to cryopreservation over time.

T48

Table 1. Percentage of SHED viability in the groups studied at the different
time points.

Viability (%)
T24 T48 172
Control 100 100 97.7
Cryopreserved | 98.8 99.3 99.5
Cryopreserved Il 99.2 98.7 98.7

throughout the experiment. Flow cytometry revealed a per-
centage of viable cells higher than 99% in all groups
(Figure 5), indicating that cell viability was not affected by
the cryopreservation protocol throughout the experiment.

Figure 6 illustrates the percentage of cells in each cell
cycle phase. The results were consistent with cell prolifer-
ation, with most cells in the three groups being in the S and
G2/M phases at the three time points analyzed.

Discussion

The necessity to maintain live cells for a long time without
compromising their functions led to the development of

m Cryopreserved Il

T72

cryopreservation techniques. Most cryopreservation protocols
for mesenchymal stem cells reported in the literature store
cells at a temperature of —196°C (liquid nitrogen).[15-17]
However, this procedure is associated with high maintenance
costs and is not accessible to all research laboratories. A sim-
pler, more accessible and low-cost protocol was used in the
present study. In this protocol, SHEDs stored at a tempera-
ture of —80°C did not show changes in their proliferative
capacity or viability.

Analysis of cell proliferation in the experimental groups
studied (cryopreserved | and cryopreserved Il) showed an
increase in the number of cells at the three time points (24,
48 and 72h), confirming that SHEDs maintained their prolif-
erative capacity when submitted to the cryopreservation
protocol proposed. These results are consistent with those
reported in the literature,[18-22] indicating that the process
of freezing and thawing exerts no negative influence on the
proliferation of mesenchymal stem cells. A number of studies
have demonstrated that stem cells isolated from teeth,
including the periodontal ligament, dental pulp or apical
papilla, can be successfully cryopreserved and maintain their
viability after thawing.[18,23,24]
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Figure 5. Immunostaining of SHEDs with annexin V/PI. (A) Control; (B) cryopreserved I; (C) cryopreserved Il. Q1:annexin V negative/Pl positive; Q2: annexin V posi-
tive/Pl positive; Q3:annexin V positive/Pl negative; Q4: annexin V negative/Pl negative.
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Figure 6. Distribution of cells in the different cell cycle phase over time.

Woods et al. [18] have frozen dental pulp stem cells from
permanent teeth for 1 week, 1 month and 6 months at tem-
peratures of —196°C (liquid nitrogen) and —85°C, and
observed no difference in the proliferation rate or differenti-
ation capacity of the cells between the groups studied at any
of the time points. These findings suggest that cells
expanded in culture can be stored at —80/—85°C for at least
6 months and probably for longer periods of time without
causing cell damage, a fact also demonstrated in this study.

In the present study, two different durations of the cryo-
preservation protocol were evaluated. The interval of 30 days
was chosen based on recent studies,[13,18,21] and a longer
duration (180 days) to observe the effects of the protocol for
longer durations of cryopreservation. Previous studies report
different durations ranging from 1day to longer time inter-
vals.[15,25] Our results agree with those reported in the lit-
erature, showing no significant differences in the
proliferation or viability of cryopreserved cells when com-
pared to non-cryopreserved cells.

It is possible that the duration of cryopreservation affects
cell viability; however, shorter periods such as the one used
in the present study or longer periods [25-28] such as those
tested by Ma et al. [22] did not alter cell proliferation. These
authors observed that SHEDs obtained from pulp tissues cry-
opreserved for more than 2 years (25-30 months) maintained
their stem cell characteristics such as self-renewal capacity,
multipotency, capacity to regenerate tissues in vitro and in
vivo immunomodulatory effect.[22]

We chose to cryopreserve isolated pulp stem cells, since
unfavourable results in terms of cell yield have been reported
when cryopreservation is performed using intact deciduous

T48
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teeth. Ji et al. [26] observed that cryopreservation for 3-9
months reduced cell activity and cell viability. Studying pulp
stem cells obtained from intact deciduous teeth cryopre-
served for 7 days; Lindemann et al. [27] found no differences
in the immunophenotypic characteristics or differentiation
capacity of the cells when compared to control; however,
morphological alterations and changes in the proliferation
potential were observed.

Among the different parameters of cryopreservation, the
cryoprotective agent can also significantly affect the survival
rate and proliferation potential of cells after thawing. In the
present study, DMSO was chosen since it is widely used for
the cryopreservation of different cell types.[16,25] Our experi-
ments showed that DMSO provided favourable results in
terms of cell viability and proliferative capacity after cryo-
preservation of SHEDs for 30 and 180 days. This agent has
been associated to favourable results in terms of maintain
cell functions after cryopreservation of cells for a period of
30 days.[13,18] Ding et al. [23] compared three cryoprotective
agents (10% DMSO plus 90% FBS, 10% glycerol plus 90% FBS
and 10% ethylene glycol plus 90% FBS) for the cryopreserva-
tion of stem cells from human apical papilla for a period of 6
months, and found no significant differences in cell viability,
colony-forming efficiency and cell proliferation. In addition,
Woods et al. [18] showed that DMSO at concentrations of
0.5, 1.0 and 1.5 M yielded better results in terms of cell via-
bility than propyleneglycol or ethylene glycol at the same
concentrations.

The freezing rate is another crucial factor that affects cell
viability after cryopreservation, and its effect should be deter-
mined for each specific cell in order to prevent the formation



of intracellular ice crystals.[28] The standard protocol estab-
lished by Vasconcelos et al. [13] for other cell types in culture
was adopted in this study: 2h at 4°C, 18h at —20°C and
subsequent storage at —80°C for 30 and 180 days. This
protocol was found to be effective in maintaining the viabil-
ity of SHEDs after thawing.

Xu et al, [12] using human mesenchymal stem cells, eval-
uated the osmotic effects and effects of heat shock caused
by the cryopreservation procedures on post-thaw cell viabil-
ity and recovery. The results showed a significant decrease in
cell viability when different freezing rates (1, 5 and 10°C/
min) were used. The rate of 1°C/min provided the best
results in terms of the maintenance of cell morphology and
integrity, as well as cell recovery after cryopreservation. A
protocol consisting of a gradual and slow decrease in freez-
ing temperature was therefore used in the present study.

Analysis of apoptosis-related events by flow cytometry
showed that most cells continued to be viable after 30 and
180 days of cryopreservation. Papaccio et al. [25] investigated
the influence of cryopreservation of dental pulp stem cells
for long periods of time (2 years). The authors observed no
death of cryopreserved cells due to apoptosis, although
some cells had undergone necrosis as a result of the forma-
tion of intracellular ice. The latter fact was not observed in
the present study since no Pl-stained cells were identified.
This marker interacts with DNA, but is unable to cross the
plasma membrane. Positive staining indicates necrosis or the
final stage of apoptosis.

Taken together, the present results demonstrate that the
cryopreservation protocol proposed is adequate for the stor-
age of dental pulp stem cells derived from human deciduous
teeth, permitting their use in future experimental studies.
The proposed protocol is simple, more accessible and low-
cost, what makes it accessible to all research laboratories.
Further studies are needed to evaluate the differentiation
potential of these cryopreserved cells and their integration
capacity with biomaterials in order to permit their use in in
vivo experiments and future clinical applications in tissue
regeneration therapies.
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