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Abstract
Background Teeth extracted are usually disposed as bio-waste whereas they could serve as an
autologous tissue for culturing multipotent dental pulp cells which have application potential in
regenerative medicine. The present study aims to examine the feasibility of cryopreservating dental pulp
tissue at teeth extraction for later culturing cells.

Methods The pulp tissue from each of a total of 10 teeth were cut into small fragments which were then
divided into two portions. One portion was directly used for culturing pulp cells using the explant method.
The other portion was cryopreserved with 10% DMSO in liquid nitrogen for at least one month and then
thawed for culturing pulp cells.

Results Vital cells were obtained from all the 10 pulp fragment suspensions which went through
cryopreservation. The cell outgrowth from the explants of cryopreserved pulp fragments was two days
later than that of corresponding fresh pulp tissue. Otherwise, no difference was observed in proliferation,
expression of stem cell markers and differentiation into adipose cells and osteoblasts between the two
groups of cells cultured from the fresh or the cryopreserved pulp fragments.

Conclusions Cryopreservating fragmented dental pulp tissue therefore provides a feasible option for
saving pulp tissues as autologous cells sources for possible later application.

Background
Dental pulp cells exhibit features of stem cells and therefore provide a valuable cell source for tissue
engineering and regeneration medicine [1].These cells can be obtained from wisdom teeth and any other
teeth which are extracted for medical indications [2, 3]. For the patients, cells derived from their own teeth
are autologous which will not cause host rejection in potential later application [4]. Dental pulp cells are
vital, grow fast, easy to handle in culture and exhibit high potential in multiple lineage differentiation
especially into the osteogenic, adipogenic and condrogenic lineages [5]. With their neural crest origin,
dental pulp cells exhibit even high neurogenic differentiation potential than bone marrow mesenchymal
stem cells and therefore may be especially valuable for neuro-regeneration [6].

Cultured dental pulp cells can be cryopreserved for long term and used for studies and applications at
any time later [7]. However, conventional cryopreservation with 10% DMSO is usually applied for single
cells cultured in the laboratories [8]. To obtain such single cells, corresponding facility and skilled stuffs
are demanded which are however only available for limited hospitals and clinics. Though many people
will likely have some of their teeth extraction during their life, teeth have to be disposed as waste whereas
they could provide valuable autologous sourced for these patients for possible future application.

To solve this problem and to enable culturing pulp cells for more patients, cryopreservation of dental pulp
tissues at surgery may provide a strategy. Indeed, cryopreservation has been shown to be feasible for
storing adipose tissues for 4 to 6 weeks from which vital cells can be successfully cultured later ([9].
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Because the pulp tissues contain hardly any connecting tissues and the cells are loosely packed, we
hypothesized that cryopreservation may also applicable to dental pulp tissues without damaging large
portion of cells. When the pulp tissue is cut into small fragments, the cryo-protecting agent DMSO may
penetrate the tissues well and enter the cells as in the case of a single cell suspension. The present study
is designed to test our hypothesis and to examine the feasibility of cryopreservating pulp tissues at the
site of teeth extraction. Paired fresh pulp tissue and cryopreserved ones were used for culturing pulp cells
in identical experimental setting. Outgrowth from the tissue explants, morphology, proliferation,
expression of stem cell markers and differentiation potentials of the cells derived from the two difference
sources were comparatively studied.

Methods

Specimen
A total of 10 supernumerary and deciduous teeth of healthy children aged 10–15 years were collected
from 2018 to 2019 in the department of orthodontics and children's stomatology of the a�liated
stomatological hospital of Hebei medical university. According to the local regulation for privacy
protection, all specimens used for the study were anonymized. Patients signed the informed consent and
were instructed to gargle with a 1% hydrogen peroxide solution before the tooth extraction. The surgeon
conducted a routine disinfection around the mouth. After the extraction, the teeth were kept in a DPBS
solution supplemented with 2 × 105 U/L penicillin and streptomycin at 4℃ medium for up to 4 hours.

Cryopreservation of the pulp tissue fragments
Each tooth was rinsed with DPBS solution several times before a hole was drilled into the root. The pulp
tissue was pulled out with a tweezer and immersed into DMEM medium in a culture dish where it was cut
into small pieces of approximately 0.5mm3 (Fig. 1). The pulp tissue fragments were divided into 2 parts:
one as fresh pulp tissue for immediate culturing and the other part for cryopreservation (Fig. 1).
Cryopreservation was carried out by adding dimethyl sulfoxide (DMSO) to a �nal concentration of 10%,
cooling down the 1.6 ml suspension in a 4 °C refrigerator for 1hour, slowly freezing to -80 °C overnight in
a freezing container and �nally storing in liquid nitrogen for at least one month.

Thawing the cryo-preserved tissue fragments and culturing
cells
The tube containing the 1.6 ml cryopreserved suspension of the pulp tissue fragments was taken out
from the liquid nitrogen and immediately placed into a water bath of 37℃. The cells were thawed within
one minute and then slowly transferred to a culture dish with 15 ml pre-warmed medium. Fresh pulp
tissue fragments without cryopreservation was used for culturing cells in the same way (Fig. 1). The
medium was changed on the next day. Then the dishes were kept in the incubator for two days. It is
important not to move the dishes during these �rst two days to enable the pulp tissue explants to attach
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the cultural surface. From day 3, the dishes were checked daily under a microscope to follow the
outgrowth of the cells from the explants. The day for �rst cell outgrowth was recorded. By con�uence of
70–80%, the cells in monolayer were harvested with 0.125% trypsin, counted and passaged.

Characterization Of The Pulp Cells
Cell viability was measured using a MTS kit following the instruction of the supplier.

Cells in passage 3 were used for labelling with antibodies for surface markers of stem cells including
stro-1, CD105, CD90, CD34 and CD45. The cell suspension was adjusted to a density of 1 × 109/L and
passed through a 70 µm �lter. After 30 minutes incubation at 4℃ in darkness, the labelled cells were
analyzed on a �ow-cytometry device.

Differentiation
Cells in the 3rd passage were seeded at density of 8 × 103/ml and grew to 70–80% con�uence. Then the
media were changed to adipogenic (with additives of 10 mg/ml insulin, 0.5 mM methylxanthine, 1 mM
dexamethasone, 0.1 mM indomethacin) or osteogenic (with additives of 10 mM β-glycerophosphat,
0.05 mM vitamin C, 0.1 mM dexamethasone) inducing media and the differentiation was continued for 3
weeks. At the end of the differentiation, the cells were stained with 0.5% oil red O or 2% Alizarin red S to
visualize oil droplets and mineral sediments produced by adipose cells and osteoblasts, respectively.

Resuls

Cell Outgrowth And Proliferation
For all the 10 cryopreserved dental pulp tissue fragments included in this study, vital cells were obtained
which migrated from the explants from around day 7 (Fig. 2A, right). For fresh pulp tissues (Fig. 2A, left),
cell outgrowth was approximately 2-day earlier (Fig. 2B). However, once the cells migrated out and grew
in monolayer, same spindle, triangle and long spindle morphologies were observed for tissue fragments
with and without cryopreservation (Fig. 3A). Also growth curves of the cells from the two groups of tissue
fragments were compatible (Fig. 3B).

Expression Of Stem Cell Markers
Flow cytometry analysis revealed compatible expression of 5 stem cell markers (CD105, CD90, CD45,
CD34 and stro-1) in cells from the pulp tissue fragments with and without cryopreservation. In both
groups, approximately 70% of the cells were positive for CD105 and CD90. However, less than 10% of the
cells were positive for CD34, CD45 and stro-1 (Fig. 4).
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Multipotential In Differentiation
Dental pulp cells all exhibited potential of adipogenic and osteogenic differentiation regardless of
cryopreservation. Oil-droplets were clearly visible in cells under adipogenic induction (Fig. 5) and mineral
sediment in cells under osteogenic induction (Fig. 6). No difference was visible between the two groups
of cells cultured using the fresh and cryopreserved tissue fragments. By contrast, no oil droplets nor
mineral sediments were seen in the control primary gingival �broblasts under the same inducing
conditions, suggesting that the differentiation is a speci�c feature of the pulp cells, again, regardless of
cryopreservation (Fig. 5, 6).

Discussion
In the present study, we demonstrated the feasibility of cryopreserving human dental pulp tissue
fragments from which vital cells can be cultured later. The cells cultured from the cryopreserved tissue
fragments exhibited compatible proliferation and differentiation potential as cells cultured from their
fresh counterparts. The difference between the two groups was the two-days delay in cell-outgrowth for
the cryopreserved explants.

Since the cultures are still in their 3–5 passages, we do not have the data at present for the total yield of
cells. However, we expect that some cells will be damaged in cryopreservation process and consequently,
the total yield will not be as good as in the case of fresh tissues. Further studies need to address this
issue.

A possible explanation for our success in obtaining vital cells from the cryopreserved pulp tissue
fragments may be the loose packing structure of the pulp cells in the pulp tissue which allows su�cient
penetration of the cryoprotecting agent DMSO as in the case of a single cell suspension. For other
tissues, this strategy may not be feasible. In the present study, our aim was to obtain single cells for
culture. Therefore, it was not essential to maintain the original structure and cell organization of the
tissue. However, structure and cell organization may have been altered in the cryopreservation process
and that may one reason for the delayed cell outgrowth from the one cryopreserved explants.

Despite the slightly delayed outgrowth, once vital cells were obtained from cryopreserved tissue
fragments, similar features were expected for them as for the cells from fresh tissue fragments. We
indeed observed compatible features in the paired fresh/cryopreserved tissue fragments as regarding
proliferation, and adipogenic and osteogenic differentiation. Importantly, such differentiation was
completely absent in the �broblasts which were included as a negative control under the identical
differentiation conditions, providing strong supporting evidence that the observed differentiation is
speci�c for the human dental pulp cells.

Since the primary aim of present study was to test the feasibility of cryopreservation of fragmented pulp
tissues for later culturing vital cells, cutting the pulp tissues into fragments were carried out in the
laboratory under a sterile culture bench to prevent contamination. In an ongoing study, we are testing the
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feasibility of preparing pulp tissues under standard clinical setting without a laboratory sterile bench.
Should at least some of the pulp tissues survive the potential infection, preservation will be feasible at the
teeth extraction in any dental and oral clinic. The only necessary device is a home-hold − 20 °C freezer for
temporal storing the tissue fragments which can be transported to a -80 °C freezer later at any time of
convenience and �nally into the liquid nitrogen for long term preservation.

Conclusion
In summary, our study demonstrated that vital cells can be cultured from cryopreserved dental pulp tissue
when cut into small fragments. Proliferation and differentiation potentials of these cells were sustained.
Using this strategy, substantially more patients will have the option of saving their pulp tissues as an
autologous cells sources for possible later application.
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Figure 1

An illustration of the procedure. A dental pulp pulled out from a tooth was cut into small fragments in
medium. The fragment suspension was divided into two parts, one as fresh tissue for immediate
culturing and the other for cryopreservation which was thawed later and used for culturing.
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Figure 2

A: Cell outgrowth from paired cryopreserved (left) and fresh (right) fragments of dental pulp tissues. For
the former, cell growing out of the explants were visible in the circled area on day 7. Note that no cells
were visible one day before (day 6) in the same circled area. For fresh pulp tissue, cell outgrowth started
two-day earlier, on day 5. B: days from seeding to cell outgrowth for the 10 paired cryopreserved and fresh
pulp fragments.
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Figure 3

A: Cells in monolayer in the 2nd passage. No difference in morphology was visible between the two
groups. B: Growth curve of cells from the 10 pairs of fresh/cryopreserved pulp tissue fragments.
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Figure 4

Nearly identical expression of stem markers in cells from the paired fresh/cryopreserved pulp tissue
fragments.
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Figure 5

Nearly identical expression of stem markers in cells from the paired fresh/cryopreserved pulp tissue
fragments.
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Figure 6

Osteogenic differentiation of cells from paired fresh/cryo-preserved pulp tissue fragments. Mineral
sediments stained with Alzerin were clearly visible. Human gingival �broblasts in primary culture were
included as a negative control.


