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Abstract Cryopreservation aims to cease all bio-

logical functions of living tissues in a reversible and

controlled manner, i.e., to permit the recovery of cells

by maintaining a high degree of their viability and

functional integrity. The objective of this study was

to evaluate in vitro the influence of cryopreservation

on undifferentiated mesenchymal cells derived from

the periodontal ligament of human third molars.

Mesenchymal cells were isolated from six healthy

teeth and cultured in a-MEM medium supplemented

with antibiotics and 15% FBS in a humid atmosphere

with 5% CO2 at 37�C. The cells isolated from each

tooth were divided into two groups: group I (fresh,

non-cryopreserved cells) was immediately cultured,

and group II was submitted to cryopreservation for

30 days. The rates of cell adhesion and proliferation

were analyzed in the two groups by counting the cells

adhered to the wells at 24, 48 and 72 h after plating.

The number of cells per well was obtained by

counting viable cells in a hemocytometer using the

Trypan blue exclusion method. Differences between

groups at each time point were evaluated by the

Wilcoxon test. The Friedman test was used to

determine differences between time points and, if

detected, the Wilcoxon test with Bonferroni correc-

tion was applied. The results showed no significant

difference in the in vitro growth capacity of undif-

ferentiated mesenchymal cells between the two

groups. In conclusion, cryopreservation for 30 days

had no influence on periodontal ligament mesenchy-

mal cells.
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Introduction

Undifferentiated mesenchymals cells, or stem cells,

are characterized by the ability of self-renewal and
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the production of at least on highly specialized cell

type. There are two types of stem cells: pluripotent

embryonic stem cells that are derived from the

embryoblast during the blastula phase and are able to

give origin to all cell lines, and multipotent or

unipotent cells, called adult stem cells, which are able

to give origin to specific cell types (Gronthos et al.

2006).

Undifferentiated mesenchymal cells have also

been isolated from oral tissues, such as dental pulp

(Gronthos et al. 2000, 2002; Shi et al. 2001; Miura

et al. 2003; Shi and Gronthos 2003; Sloan and Smith

2007) and periodontal ligament (Seo et al. 2004;

Akizuki et al. 2005; Chen et al. 2006; Nagatomo et al.

2006; Gronthos et al. 2006). The identification of this

cell population in dental tissues has raised interest in

the regenerative potential of these cells and their

application to tissue engineering or bioengineering

(Leon et al. 2007). Tissue engineering has gained

importance as an interdisciplinary field which applies

the principles of engineering and life sciences to the

development of biological substitutes that are able to

restore, maintain, or improve tissue function (Langer

and Vacanti 1993). Bioengineering consists of the

fabrication or regeneration of damaged or lost tissues,

including bone tissue, as a result of degenerative

diseases, trauma, cancer or periodontal disease, and is

based on cell therapy involving the use of undiffer-

entiated mesenchymal cells combined or not with

biomaterials (Silvério et al. 2008).

The need to maintain organs alive for a long period

of time without the loss of cell function has led to the

investigation of cryopreservation (Oh et al. 2005). So

far, it remains unknown to what extent stem cell-

derived cells are able to maintain their differentiation

capacity and morphofunctional properties after a long

period of cryopreservation. This knowledge is impor-

tant to evaluate the long-term storage potential of

these cells and their subsequent use in tissue regen-

eration therapies (Papaccio et al. 2006).

In view of the important role of undifferentiated

mesenchymal cells in the processes of periodontal

tissue reconstruction, the present study evaluated the

influence of cryopreservation for 30 days on the

adhesion and proliferative capacity of undifferenti-

ated mesenchymal cells derived from the periodontal

ligament of human third molars at 24, 48 and 72 h by

comparing cryopreserved cells with freshly cultured

cells.

Methods

Tooth extraction and processing

The study was approved by the Ethics Committee of

the Federal University of Rio Grande do Norte

(protocol number 018/10, approval number 080/

2010). All volunteers signed a free informed consent

form.

Six human third molars were obtained from differ-

ent patients of both genders, ranging in age from 18 to

30 years, who presented good systemic and oral health.

The teeth were immediately stored in 50-mL Falcon

tubes (TPP�, Switzerland) containing 5 mL a-MEM

medium (Gibco, USA) under hypothermic conditions

(4�C). Next, the teeth were immersed in maintenance

solution containing a-MEM medium supplemented

with 10,000 IU/mL penicillin, 10,000 lg/mL strepto-

mycin, 100 mg/mL gentamicin, and 250 lg/mL

amphotericin B (all antibiotics were from Gibco,

USA) to eliminate possible contamination.

Isolation of undifferentiated mesenchymal cells

from periodontal ligament

The periodontal ligament was removed by gently

scraping the root surface with a scalpel, followed by

enzymatic digestion with 3 mg/mL collagenase I

(Gibco) and 4 mg/mL dispase (Gibco) for 1 h at

37�C. The solution was then aspirated, filtered

through a 70-lm filter (BD Falcon, USA), and

centrifuged at 1,200 rpm for 5 min. The precipitated

cells were resuspended and cultured.

Culture of periodontal ligament-derived

undifferentiated mesenchymal cells

Each cell sample was cultured in 25-cm2 cell culture

flasks (BD Falcon) containing basic a-MEM medium

supplemented with 15% fetal bovine serum (FBS;

Gibco). The cultures were maintained at 37�C in a

5% CO2 atmosphere and the medium was changed at

intervals of 3 days until 70–90% confluence was

reached. After isolation and expansion, the periodon-

tal ligament cells were divided into two groups

(Fig. 1): (1) Control group: cells were cultured

immediately and third-passage (P3) cells were trans-

ferred to three 6-well plates (one well per tooth) for

462 Cell Tissue Bank (2012) 13:461–469

123



analysis. (2) Experimental group: first-passage (P1)

cells were cryopreserved for 30 days and then

cultured until P3, when the cells were transferred to

three 6-well plates (one well per tooth) for analysis.

After the third passage, each cell sample was

cultured in 6-well plates (TTP�) at a density of

1 9 104 cells per well. The number of cells was

determined after 24, 48 and 72 h for analysis of cell

adhesion and proliferation (Fig. 1).

In order to confirm the multi-lineage differentiation

potential of periodontal ligament cells, aliquots of P1

cells were cultured in osteogenic, chondrogenic, or

adipogenic differentiation media (StemPro� Differ-

entiation Kits, Invitrogen, USA) for up to 21 days. By

light microscopy, the cells showed typical osteoblast/

osteocyte, chondroblast, and adipocyte morphology

and produced characteristic extracellular matrix

components.

Cryopreservation of periodontal ligament-derived

undifferentiated mesenchymal cells

A suspension (1 mL) of each first-passage cell

sample containing 1 9 106 cells per cryogenic vial

was frozen. The cells were stored in FBS containing

10% dimethylsulfoxide (DMS) in 2-mL cryogenic

vials (TTP�) and then submitted to the cryopreser-

vation protocol: 2 h at 4�C, 18 h at -20�C, and then

at -85�C for 30 days. After this period, the cells

were rapidly thawed in a water bath at 37�C for

subsequent cell culture.

Analysis of cell adhesion and proliferation rates

Cell adhesion and proliferation were analyzed and

growth curves were constructed for the different

groups by determining the number of cells adhered to

the plastic surface of the cell culture plate at 24, 48

and 72 h after plating. The number of cells collected

from each well was obtained by counting viable cells

in a hemocytometer using the Trypan blue (Gibco)

exclusion method.

Statistical analysis

Each cell count corresponds to the mean of six

samples (six wells per time interval per tooth). These

means, in absolute values, were log10 transformed to

reduce variability and the data were submitted to

nonparametric analysis. Differences between groups

at each time point (24, 48 and 72 h) were evaluated

by the Wilcoxon test. The Friedman test was used to

evaluate differences between time points and, if

detected, the Wilcoxon test with Bonferroni correc-

tion was applied to determine where the difference

occurred. A level of significance of 5% was adopted.

Fig. 1 Culture of

undifferentiated

mesenchymal cells derived

from periodontal ligament

in the control (left) and

experimental (right) groups
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Results

Adhesion and proliferation of fresh cells (cultured

immediately after isolation)

Figure 2 illustrates the growth pattern of the six

samples of fresh undifferentiated mesenchymal cells

over the period studied. A significant difference

(P = 0.002) was observed between the three time

intervals (24/48, 24/72, and 48/72 h). These results

demonstrate that undifferentiated mesenchymal cells

derived from the periodontal ligament of human third

molars are able to grow in vitro when the culture

conditions are adequate.

Adhesion and proliferation of cryopreserved cells

Figure 3 shows the growth pattern of the six samples

of cryopreserved undifferentiated mesenchymal cells

over the period studied. A significant difference

(P = 0.002) was observed between the three time

intervals (24/48, 24/72, and 48/72 h). These results

show that periodontal ligament-derived undifferenti-

ated mesenchymal cells maintain their in vitro prolif-

erative capacity after cryopreservation for 30 days.

Comparison of adhesion and proliferation

between fresh and cryopreserved cells

Comparison of the growth pattern of the six samples

of fresh and cryopreserved mesenchymal cells over

the period studied is shown in Figs. 4, 5, and 6. No

significant difference between groups was observed

at any of the time intervals studied (24, 48, and 72 h).

These results demonstrate that cryopreservation did

not alter the growth pattern of undifferentiated

mesenchymal cells derived from the periodontal

ligament of human third molars, i.e., in vitro cell

viability was the same in the two groups. Variability

Fig. 2 Box plot of the growth pattern (adhesion and prolifer-

ation) of immediately cultured undifferentiated mesenchymal

cells derived from the periodontal ligament of human third

molars at different times after plating

Fig. 3 Box plot of the growth pattern of cryopreserved

undifferentiated mesenchymal cells derived from the peri-

odontal ligament of human third molars at different times after

plating

Fig. 4 Comparative box plot analysis of adhesion and

proliferation between fresh and cryopreserved undifferentiated

mesenchymal cells derived from periodontal ligament of

human third molars at 24 h after plating. There was no

significant difference between groups
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was lower in the group of cryopreserved cells at all

time intervals studied, particularly at 24 and 72 h.

Growth curve of fresh and cryopreserved cells

Analysis of the growth curve of fresh and cryopre-

served cells showed a linear trend for the two types of

cells over the period studied, with no significant

difference between groups (Fig. 7).

Discussion

Studies conducted by a group of the National Institute

of Dental and Craniofacial Research (NIDCR, USA)

have demonstrated the existence of adult stem cells in

the pulp of deciduous and permanent teeth and in the

periodontal ligament, which maintain a high differ-

entiation capacity. This group of researchers devel-

oped a protocol for the isolation and culture of dental

stem cells and a similar protocol was used in the

present study (Gronthos et al. 2000, 2002; Miura

et al. 2003; Seo et al. 2004). According to this

protocol, stem cells were separated from the extra-

cellular matrix of the pulp and periodontal ligament

and seeded onto cell culture plates containing specific

medium. The cells were then incubated at 37�C in a

5% CO2 atmosphere to determine their prolifera-

tive capacity and the formation of colonies. Clus-

ters containing more than 50 cells were defined as

colonies.

According to the literature, the periodontal liga-

ment is an easily available and efficient autogenous

source of undifferentiated mesenchymal cells, which

are able to expand and to differentiate into fibroblas-

tic, cementoblastic and osteoblastic cells. The plau-

sibility of tissue engineering based on the use of stem

cells for periodontal regeneration is supported by

animal studies showing that periodontal ligament

cells cultured in vitro can be successfully reimplanted

into periodontal defects, promoting periodontal

Fig. 5 Comparative box plot analysis of adhesion and

proliferation between fresh and cryopreserved undifferentiated

mesenchymal cells derived from periodontal ligament of

human third molars at 48 h after plating. There was no

significant difference between groups

Fig. 6 Comparative box plot analysis of adhesion and

proliferation between fresh and cryopreserved undifferentiated

mesenchymal cells derived from periodontal ligament of

human third molars at 72 h after plating. There was no

significant difference between groups

Fig. 7 Growth curve of fresh and cryopreserved undifferen-

tiated mesenchymal cells derived from periodontal ligament of

human third molars over the period studied
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regeneration (Isaka et al. 2001; Akizuki et al. 2005;

Hasegawa et al. 2005; Ivanovski et al. 2006).

Undifferentiated mesenchymal cells can be expanded

into a framework, or can be injected in vivo directly

into the site of injury (Chen and Jin 2010).

Undifferentiated mesenchymal cells derived from

the human periodontal ligament have been shown

to be suitable for the regeneration of periodontal

structures, or even for large reconstructions of

craniomaxillofacial deformities (Huang 2008; Chen

and Jin 2010). This fact highlights the importance of

cryopreservation of these cells for subsequent clinical

use, promoting the acceleration of the tissue repair

process in patients with periodontal diseases (Oh

et al. 2005; Seo et al. 2005; Temmerman et al. 2006;

Zhang et al. 2006). Several studies have shown that

undifferentiated mesenchymal cells isolated from the

periodontal ligament, dental pulp, or apical papilla

can be cryopreserved successfully, guaranteeing their

viability after thawing (Temmerman et al. 2008;

Woods et al. 2009; Ding et al. 2010), in agreement

with the present study. These findings suggest the

feasibility of the use of dental tissue-derived mesen-

chymal cells for banking as proposed by Oh et al.

(2005), Perry et al. (2008), and Woods et al. (2009).

Knowledge about the principles that guide the

process of cryopreservation is of the utmost impor-

tance for a successful procedure. Despite a large

number of studies on the cryopreservation of teeth

(Bartlett and Reade 1972; Price and Cserepfalvi

1972; Schwartz and Andreasen 1983; Schwartz et al.

1985; Schwartz and Rank 1986; Schwartz 1986;

Politis et al. 1995; Laureys et al. 2001; Kawasaki

et al. 2004), some questions regarding the possible

reactions of dental tissues after cryopreservation

remain unanswered. This is probably one of the

reasons why transplantation of cryopreserved teeth is

still not widely accepted. The authors cited above

concluded that a simpler and more precise in vitro

test that would permit a detailed analysis of the

freezing and cooling method is needed in order to

evaluate the effects of cryoprotective agents on the

cells studied. In this respect, the objective of the

present study was to investigate in vitro the effect of a

standardized cryopreservation procedure on undiffer-

entiated mesenchymal cells derived from periodontal

ligament by evaluating the adhesion and proliferation

of these cells (Temmerman et al. 2008).

The survival and maintenance of function of

periodontal cells seem to be essential for the repair

process and for a good prognosis of the grafted tooth.

Literature data and the results of the present study

suggest that cryopreservation has no negative influ-

ence on the in vitro adhesion or proliferation of

periodontal ligament cells when a controlled freezing

method is used. The addition of a cryoprotective

agent (DMSO) guarantees the survival of periodontal

mesenchymal cells. Therefore, the prognosis of

transplanted cryopreserved teeth seems to be similar

to that of immediately transplanted teeth (Temmer-

man et al. 2006).

According to Basdra and Komposch (1997) and

Temmerman et al. (2008), fibroblasts extracted from

human periodontal ligament show intense alkaline

phosphatase staining, a finding indicating that these

cells are able to differentiate into osteoblasts and

cementoblasts. This characteristic emphasizes the

potential use of these cells in the repair of periodontal

structures. In most in vitro studies using fibroblasts

extracted from human periodontal ligament, these

cells expressed alkaline phosphatase activity at a

much higher level than gingival fibroblasts (Somer-

man et al. 1988; Arceo et al. 1991; Ogata et al. 1995;

Giannopoulou and Cimasoni 1996; Gao et al. 1999;

Kawasaki et al. 2004). Temmerman et al. (2008)

investigated the influence of cryopreservation of

periodontal ligament fibroblasts for 24 h on mem-

brane integrity (cell viability), growth capacity, and

alkaline phosphatase expression. The results showed

no influence of cryopreservation on the parameters

studied. It should be noted that membrane integrity

testing reveals the membrane status of cells at a

certain time, but does not offer insights into the linear

behavior of these cells (Stevenson et al. 2004). To

study the long-term effects of cryopreservation of

periodontal ligament mesenchymal cells, it would be

more adequate to evaluate the growth capacity of

these cells as done in the present study at intervals of

24, 48 and 72 h.

Comparison of adhesion and proliferation showed

no differences between the groups studied (cells

cultured immediately after isolation and cryopre-

served cells). These results agree with the findings of

Oh et al. (2005), Seo et al. (2005), Perry et al. (2008),

Temmerman et al. (2008, 2010), Woods et al. (2009)

and Ding et al. (2010), indicating that the process of
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freezing and thawing has no negative influence on the

growth capacity of periodontal cells.

There is consensus in the literature that tissues

submitted to cryopreservation should be protected by

the addition of cryoprotective agents. In addition, an

adequate freezing rate needs to be applied throughout

the process to prevent the formation of intracellular

ice crystals. Woods et al. (2009) reported that

cryopreservation of whole teeth for the isolation of

periodontal ligament mesenchymal cells, which can

be expanded and used clinically, does not provide

reliable or repeatable results. A cell cryopreservation

protocol instead of freezing the whole tooth was

therefore used in the present study. DMSO (10%) was

added as a cryoprotective agent and the cells were

submitted to the following process of cryopreserva-

tion as reported by Temmerman et al. (2010), Woods

et al. (2009) and Ding et al. (2010): 2 h at 4�C, 18 h

at -20�C, and then at -85�C for a period of 30 days.

DMSO has been widely used for the cryopreser-

vation of dental tissues or dental stem cells (Seo et al.

2005; Papaccio et al. 2006). This agent has provided

favorable results in terms of cell viability and

proliferative capacity after cryopreservation of cells

for a period of 30 days (Woods et al. 2009), in

agreement with the findings of the present study. In

addition, Ding et al. (2010) tested three cryoprotec-

tive agents (10% DMSO plus 90% FBS; 10%

glycerol plus 90% FBS, and 10% ethylene glycol

plus 90% FBS) for the cryopreservation of undiffer-

entiated mesenchymal cells extracted from the apical

papilla of human third molars for a period of

6 months, and found no significant differences in

the biological properties (cell viability, colony-form-

ing efficiency, and cell proliferation) of these cells. In

agreement with these findings, Woods et al. (2009)

showed that DMSO at concentrations of 0.5, 1.0 and

1.5 M yielded better results in terms of cell viability

than propyleneglycol or ethylene glycol at the same

concentrations.

With respect to the freezing temperature used in

the present study (-85�C), we emphasize the

simplicity of the method since it does not require

the use of liquid nitrogen at a temperature of

-196�C. This fact makes the process technically

simpler and less costly, and guarantees results similar

to those obtained with liquid nitrogen as demon-

strated in the study of Woods et al. (2009), who

cryopreserved undifferentiated mesenchymal cells

derived from dental pulp for 6 months at the two

temperatures and observed an identical differentiation

capacity in the two groups.

In the present study, quantitative statistical anal-

ysis revealed an increase in cell adhesion and

proliferation at the different time intervals (24, 48

and 72 h) in the two groups studied (fresh and

cryopreserved cells). Similar results have been

reported by Oh et al. (2005), Seo et al. (2005) and

Temmerman et al. (2006). In addition, a significant

difference in these rates was observed between the

three time intervals in each group. These finding not

only show the expressive capacity of this cell type to

grow and multiply under adequate cell culture

conditions (Gronthos et al. 2006; Huang et al.

2010), but also suggest the potential use of these

cells in future clinical applications (Zhang et al.

2006; Perry et al. 2008).

Pairwise comparison between groups by the

Wilcoxon test showed a significant difference at the

three time intervals (24, 48 and 72 h). These findings

demonstrated that the process of cryopreservation did

not alter the growth pattern, i.e., fresh and cryopre-

served undifferentiated mesenchymal cells derived

from the periodontal ligament of human third molars

are viable in vitro. Similar results have been reported

by Temerman et al. (2008, 2010) and Ding et al.

(2010). Variability was lower in the group of

cryopreserved cells, particularly at 24 and 72 h,

suggesting that the process selected cell colonies able

to survive cryopreservation.

The present results confirm the feasibility of the

use of human tooth-derived stem cells for banking

(Perry et al. 2008). Further studies are needed to

optimize the process of cryopreservation of these

cells for future clinical applications (Woods et al.

2009), whose findings would provide new perspec-

tives for periodontal regenerative therapy and bioen-

gineering by combining this type of cell with

biomaterials such as titanium (Cochran et al. 1994;

Gay et al. 2007) or hydroxyapatite (Miura et al. 2003;

Shi et al. 2005; Sonoyama et al. 2006).

Conclusion

Cryopreservation under controlled conditions for a

period of 30 days had no influence on the adhesion or

proliferative capacity of undifferentiated mesenchymal
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cells derived from the periodontal ligament of human

third molars. These cells showed a similar in vitro

growth capacity as non-cryopreserved (fresh) cells.
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