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Background: Human periodontal ligament stem cells (hPDLSCs) were considered to be potential seed 
cells for periodontal tissue engineering, however, it possesses a relatively short replicative lifespan and 
undergo senescence after several passages. So, this study aimed to establish a cell line of immortalized 
hPDLSCs to provide a consistent and homogeneous research cell model. 
Methods: Primary human periodontal ligament cells (hPDLCs) were cultured and hPDLSCs were isolated 
using magnetic beads. The hPDLSCs were then immortalized by infection with a lentivirus vector carrying 
the hTERT gene. hTERT transcription was verified with RT-PCR. Characteristics of the immortalized 
cells, such as morphology, proliferation were evaluated. The expression of the odontoblastic/osteogenic 
markers dentin matrix protein 1 (DMP1), dentin sialophosphoprotein (DSPP), alkaline phosphatase (ALP) 
and osteomodulin (OMD) was analyzed with real time RT-PCR. Expression of p53 protein was verified with 
western blot to find whether the overexpression of hTERT could change the carcinogenicity of hPDLSCs. 
Results: The results of the study showed that hPDLSCs were successfully isolated and hTERT was 
successfully integrated into the genomic DNA of hPDLSCs to form the immortalized human dental 
periodontal ligament stem cells (hPDLSCs-hTERT), furthermore, the ectogenic hTERT was successfully 
transcribed into mRNA. In long-term culture, hPDLSCs-hTERT bypassed senescence and continued to 
grow for more than 49 generations. Moreover, hPDLSCs-hTERT retained the phenotypic characteristics of 
the primary hPDLSCs. Furthermore, similar to hPDLSCs, hPDLSCs-hTERT expressed increased levels of 
ALP, DMP1, DSPP, and OMD in the odontoblastic/osteogenic induction medium (P<0.05). The expression 
levels of p53, which is an anti-oncogene, showed no significant difference between the hPDLSCs and 
hPDLSCs-hTERT. 
Conclusions: We established a cell line of immortalized hPDLSCs, which remained in an undifferentiated 
state, exhibiting odontoblastic/osteogenic differentiation potential and low tumorigenicity. 

Keywords: Immortalization; periodontal ligament; stem cells; telomerase

Received: 04 June 2019; Accepted: 07 September 2019; Published: 24 September 2019.

doi: 10.21037/fomm.2019.09.02

View this article at: http://dx.doi.org/10.21037/fomm.2019.09.02

https://crossmark.crossref.org/dialog/?doi=10.21037/fomm.2019.09.02


Frontiers of Oral and Maxillofacial Medicine, 2019Page 2 of 10

© Frontiers of Oral and Maxillofacial Medicine. All rights reserved. Front Oral Maxillofac Med 2019;1:6 | http://dx.doi.org/10.21037/fomm.2019.09.02

Introduction

Periodontal disease is one of the main reasons for tooth 
loss (1). The main goals of current periodontal therapies 
are to preserve the natural dentition, as well as the esthetics 
and function of the periodontium (2,3). However, none of 
the therapies are currently available have shown the ability 
to completely restore the functionality of all damaged 
periodontal tissues. Regenerative medicine has certain 
advantages compared with traditional treatment because 
it uses tissue engineering and stem cells. Stem cells have 
high proliferation capacity and multipotent differentiation 
potential to repair and reconstruct damaged periodontal 
tissue (4,5).

Human periodontal ligament stem cells (hPDLSCs) 
were first isolated and named by Seo et al. (6), Who 
reported that, similar to human dental pulp stem cells 
(hDPSCs) and bone mesenchymal stem cells (BMSSCs), 
hPDLSCs also expressed the two mesenchymal stem cell 
markers STRO-1 and CD146 (7,8). hPDLSCs were also 
found to have multidirectional differentiation abilities and 
could be induced into cementoblast-like cells, adipocytes, 
and collagen-forming cells. When transplanted into 
immunocompromised mice or rats, hPDLSCs could 
generate a cementum/PDL-like structure, contributing 
to periodontal tissue repair (7). Thus, hPDLSCs were 
considered to be potential seed cells for periodontal tissue 
engineering. 

However, the use of hPDLSCs is often limited, because 
primary hPDLSCs, in vitro, possess a relatively short 
replicative lifespan and undergo senescence after several 
passages (9,10). Therefore, it is necessary to establish a 
continuous periodontal ligament stem cell line to provide a 
consistent and homogeneous research cell model. 

The hTERT gene lies in the human chromosome 
5p15.33 region (11,12). Studies have found that hTERT is 
a positive regulatory factor in controlling the activity of 
telomerase, and prevents cell aging through preventing the 
loss of telomere sequence during mitosis (13-15). Bodnar 
et al. confirmed that transient hTERT expression in normal 
human diploid cells could activate telomerase to extend the 
life of cells (16). Counter et al. also found that transferring 
the exogenous hTERT gene into human embryonic kidney 
(HEK) cells could not only immortalize them but the 
normal function of the cells remains unchanged (17). 
It is reported that Fujita et al. and Hasegawa et al. had 
immortalized human periodontal ligament (HPL) cells by 
transferring the exogenous hTERT gene (18,19), however, 

they neither separated the hPDLSCs exactly nor detected 
the carcinogenicity of the HPL cells with exogenous 
hTERT gene. To our knowledge, a cell line of immortalized 
hPDLSCs by transferring the exogenous hTERT gene using 
a lentivirus vector has not been reported yet. Therefore, in 
this study, the exogenous hTERT gene was transferred into 
hPDLSCs using a lentivirus vector in an effort to extend 
cellular lifespan, and hence immortalize this cell line. 

Methods

All procedures were carried out in accordance with 
The Code of Ethics of the World Medical Association 
(Declaration of Helsinki) for experiments involving human 
subjects.

hPDLSCs isolation and culture 

Premolars extracted for orthodontic reasons were collected 
from a 12-year-old donor at the Oral Surgery Clinic of the 
Ninth People’s Hospital affiliated to Shanghai Jiao Tong 
University School of Medicine (China), with the written 
informed consent of the patient’s parents. The periodontal 
ligament was gently separated from the surface of the root 
and cultured using a modified tissue piece method (7), then 
the human periodontal ligament cells (hPDLCs) in P2 
were isolated by immune magnetic beads separation (beads 
coated with the antibody of STRO-1) according to the 
manufacturer's instructions (Miltenyi Biotec, Germany).

Osteogenic and adipogenic differentiation

Osteogenic and adipogenic differentiation was induced as 
previously reported (20). After differentiation, both types of 
cells were fixed in 4% paraformaldehyde for 30 min. Cells 
that underwent osteogenic differentiation were stained with 
Alizarin red stain for 3–5 min, while cells that underwent 
adipogenic differentiation were stained with oil red O stain 
for 10 min. The fixed cells were then observed and images 
were captured under a light microscope. 

Expression of mesenchymal stem cell surface markers 

The expression of mesenchymal stem cell surface markers 
was detected with flow cytometry. hPDLSCs were cultured 
until they reached 80–90% confluency, and then were 
detached using a 0.05% trypsin-EDTA solution, washed 
with PBS and incubated in the dark for 15 min at 4 ℃ with 
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fluorescence-conjugated monoclonal antibodies for CD73-
PE, CD90-FITC, CD105-PE, CD166-PE, CD34-PE, and 
CD45-FITC (BD Biosciences, Franklin Lakes, NJ, USA). 
These markers were recommended by the International 
Society of Cellular Therapy to confirm the mesenchymal 
phenotype of cells (21). After labeling and washing, cells 
were fixed in 1% (w/v) paraformaldehyde for 20–30 min,  
air-dried at 4 ℃, sorted using a FACS Calibur flow 
cytometer and analyzed with FlowJo software (version 7.6.1, 
Treestar, Ashland, OR, USA). Non-specific fluorescence 
was measured using specific isotype monoclonal antibodies 
(BD Biosciences).

Recombinant hTERT lentivirus infection of hPDLSCs

Packaging plasmid PLKO.1 and enveloping plasmid Δ8.9, 
together with vector pBABE-hygro-hTERT (Addgene, 
Cambridge, MA, USA) coding for the hTERT gene were 
used. Production of recombinant hTERT lentivirus was 
achieved by transfecting HEK293T cells (provided by the 
Laboratory of the Chinese Academy of Biochemistry and 
Cell Biology). Supernatant containing viral particles was 
collected at 24, 48 and 72 h after transfection. For infection 
of cells, hPDLSCs at 70–80% confluency were exposed to 
viral supernatant for 24 h, after which the infected cells were 
selected by culturing in Dulbecco’s modified eagle medium 
(DMEM, Gibco-BRL, Life Technology, Inc., Grand 
Island, New York, USA) with hygromycin (25 μg/mL).  
The selected cells, named hPDLSCs-hTERT, have since 
been cultured for more than 49 passages. To confirm 
immortalization and odontoblastic differentiation of the 
hPDLSCs-hTERT, hPDLSCs-hTERT at passage 49 were 
used for the following characterization.

To test the stem cells characteristics of hPDLSCs-
hTERT (passage 49), the expression of mesenchymal stem 
cell surface markers was detected with flow cytometry. 
The markers and protocols were the same as the flow 
cytometry done with hPDLSCs mentioned above. 
Furthermore, hPDLSCs-hTERT in passage 49 were 
cultured in six-well plates at an initial density of 5×105 
cells/well in DMEM. After 24 h, the medium was replaced 
with human mesenchymal stem cell osteogenic/adipogenic 
differentiation medium (Cyagen Biosciences Inc, 
Guangzhou, China). At that time, the cells were defined as 
day 0 (0D). The medium was changed every three days. On 
day 21 (21D), Alizarin red stain or oil red O was performed 
to confirm odontoblastic/adipogenic differentiation.

Reverse transcription-polymerase chain reaction (RT-PCR) 
and real time RT-PCR analysis

To verify whether the hTERT gene was successfully 
transferred into the hPDLSCs, total RNA isolation, first-
strand cDNA synthesis, and PCR processes were performed 
as reported previously (22); the primer sequences are shown 
in Table 1. PCR products were separated with agarose gel 
electrophoresis and observed under UV light.

To quantify the expression of the odontoblastic markers 
dentin sialophosphoprotein (DSPP), dentin matrix protein-1 
(DMP1), alkaline phosphatase (ALP), and osteomodulin 
(OMD) in the hPDLSCs-hTERT (passage 49) before after 
osteogenic/odontogenic induction, total RNA was isolated 
from cells using TRIzol Reagent (Invitrogen, Carlsbad, CA, 
USA). Reverse transcription to cDNA and PCR amplification 
were then carried out as described previously (23). Primer 
sequences are shown in Table 1.

Detection of p53 protein by western blotting

hPDLSCs-hTERT or hPDLSCs were harvested at 80–90% 
confluency, and western blotting was performed after 
transferring the proteins separated with SDS-PAGE (sodium 
dodecylsulfate polyacrylamide gel electrophoresis) to 
Amersham Hybond-ECL membranes (GE Healthcare Bio-
Sciences, Piscataway, NJ, USA), as reported previously (24).

Data analysis

All experiments were performed at least in triplicate and 
reproduced three separate times. Statistical significance was 
determined using the unpaired student’s t-test. Values of 
P<0.05 and P<0.01 were accepted as statistically significant.

Results

Isolation and identification of hPDLSCs

The hPDLSCs were sorted by magnetic-activated cell 
sorting of generation P2. Cells exhibited a typical fibroblast-
like spindle-shaped appearance and had clone-forming 
ability (Figure 1A). Alizarin red and oil red O staining assays 
confirmed that the sorted hPDLSCs could be induced to 
differentiate into osteoblasts and adipocytes (Figure 1B,C).  
Flow cytometry confirmed that they expressed the 
mesenchymal stem cell surface markers CD73, CD90, 
CD105, and CD166, and did not express the endothelial 
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cell marker CD34 or the hematopoietic cell marker CD45 
(Figure 1D). 

hPDLSCs immortalization 

hPDLSCs-hTERT were selected from a 7-day culture in 
medium with hygromycin. hPDLSCs-hTERT were free 
of any morphological changes compared with the original 
hPDLSCs, even at higher passage numbers. The expression 
of hTERT mRNA was higher in hPDLSCs-hTERT than in 
hPDLSCs (Figure 2A,B). 

Morphologic characteristics of hPDLSCs and hPDLSCs-
hTERT.

The morphologic characteristics of both hPDLSCs and 
hPDLSCs-hTERT appeared stable, with the majority of 
cells appearing spindle-shaped, with a short spindle and 
one to two projections, these cells had smaller volumes 
and central nuclei. The cells adhered to the bottom of the 
culture dish (Figure 2C), and were able to grow to 80–90% 
confluency in 3 days when passaged at a 1:4 ratio. 

Osteoblastic and adipogenic differentiation of hPDLSCs-
hTERT

hPDLSCs-hTERT could be induced to differentiate into 
osteoblasts within osteogenic differentiation medium, 

forming mineralized nodules which were positively stained 
by Alizarin Red (Figure 2D). hPDLSCs-hTERT could also 
be induced to differentiate into adipocyte within adipogenic 
differentiation medium, forming lipid droplets were 
positively stained by oil red O (Figure 2E).

hPDLSCs-hTERT expressed mesenchymal stem cell surface 
markers 

The expression of mesenchymal stem cell surface markers 
by hPDLSCs-hTERT was analyzed with flow cytometry. 
Data showed that the same as hPDLSCs, hPDLSCs-hTERT 
expressed CD73, CD90, CD105, and CD166, but did not 
express CD34 or CD45 (Figure 2F).

Expression of ALP, DSPP, DMP1, and OMD mRNA 
in hPDLSCs-hTERT upregulated significantly after 
odontoblastic/osteogenic induction

After osteoblastic/odontogenic induction for 14 or 21 days, 
expression of the odontoblastic markers ALP, DMP1, DSPP, 
and OMD dramatically increased in both the hPDLSCs and 
hPDLSCs-hTERT (Figure 3). 

p53 expression 

The western blotting results showed that both hPDLSCs-
hTERT (passage 49) and hPDLSCs (passage 9) expressed 

Table 1 The primer sequences used in real time RT-PCR analysis

Gene Direction Primer sequences

GAPDH Forward 5'-TTCACCACCATGGAGAAGGCT-3'

Reverse 5'-TCTCATGGTTCACACCCATGA-3'

TERT Forward 5'-CGGCGACATGGAGAACAAGC-3'

Reverse 5'-AGGTTTTCGCGTGGGTGAGG-3' 

DSPP Forward 5'-GCCATTCCAGTTCCTCAAAGC-3'

Reverse 5'-CATGCACCAGGACACCACTT-3' 

DMP1 Forward 5'-ATGCCTATCACAACAAACC-3'

Reverse 5'-CTCCTTTATGTGACAACTGC-3'

ALP Forward 5'-GGACCATTCCCACGTCTTCAC-3'

Reverse 5'-CCTTGTAGCCAGGCCCATTG-3' 

OMD Forward 5'-AGGCTGTGTCAGTGAATGCT-3'

Reverse 5'-GTTGCTGAATGTGCATCGGA-3

DMP1, dentin matrix protein 1; DSPP, dentin sialophosphoprotein; ALP, alkaline phosphatase; OMD, osteomodulin.
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the p53 proteins of 53 KDa (25,26). There was no 
significant difference between the width and color of the 
two bands, which demonstrated that hPDLSCs-hTERT had 
no carcinogenicity (Figure 4A,B).

Discussion

Immortalized cells are able to avoid apoptosis and maintain 

their characteristic long-term morphology even after 
numerous passages in culture (18,19). Such cells are thus 
a good choice for creating a cell model to further study. 
hPDLSCs could be applied to periodontal regenerative 
medicine to promote the regeneration of damaged 
periodontal tissue and to restore periodontal tissue 
attachments (7). However, due to the aging of hPDLSCs, 
we need to constantly take the primary hPDLSCs from 

Figure 1 Identification of human periodontal ligament stem cells (hPDLSCs). (A) Morphologic characteristics of hPDLSCs (×100). (B) The 
results of Alizarin red staining (×200). GM: DMEM maintenance medium; OM: odontoblastic induction medium; (C) The results of oil red 
O staining (×100). GM: DMEM maintenance medium; AM: adipogenic induction medium. (D) Surface marker distribution on hPDLSCs. 
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Figure 2 Identification of hPDLSCs-hTERT. (A) The expression of hTERT mRNA, analyzed with RT-PCR, in hPDLSCs and hPDLSCs-
hTERT; β-actin was used as the internal control. (B) Relative quantification of hTERT mRNA expression with RT-PCR in hPDLSCs and 
hPDLSCs-hTERT. (C) Morphologic characteristics of hPDLSCs-hTERT (×100). (D) Alizarin red staining results. GM: DMEM maintenance 
medium; OM: odontoblastic induction medium. (E) The results of oil red O staining (×100). GM: DMEM maintenance medium; AM: 
adipogenic induction medium. (F) Surface marker distribution on hPDLSCs-hTERT. **, significant difference compared to control, P<0.01.
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healthy orthodontic or impacted teeth, which wastes the 
manpower and resources. Thus, immortalized hPDLSCs 
could be a promising source of seed cells for periodontal 
tissue engineering. In this study, the exogenous hTERT gene 
was transferred into hPDLSCs using a lentivirus vector to 
extend cellular lifespan, and hence immortalize this cell line, 

which could make tissue regeneration based on hPDLSCs 
more convenient. 

In this study, the cellular morphology and mesenchymal 
stem cell surface markers expression of hPDLSCs-
hTERT remained similar to the original hPDLSCs. After 
the addition of human odontoblastic induction medium 

Figure 3 Expression of ALP, DSPP, DMP1, and OMD mRNA using real time RT-PCR in hPDLSCs-hTERT after osteogenic induction. 
*, significant difference compared to control, P<0.05. DMP1, dentin matrix protein 1; DSPP, dentin sialophosphoprotein; ALP, alkaline 
phosphatase; OMD, osteomodulin.
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or human adipogenic induction medium and culture for  
21 days, mineralized nodules or lipid droplets could be seen 
in both hPDLSCs-hTERT (Figure 2D,E) and hPDLSCs 
(Figure 1B,C). These results indicate that there were no 
obvious differences between immortalized hPDLSCs-
hTERT and hPDLSCs in terms of stem cells characteristics 
including cell morphology, mesenchymal stem cell 
surface marker expression, and odontoblasts or adipocytes 
differentiation ability. This is consistent with previous 
findings that a cell line immortalized by the exogenous 
hTERT gene retained many biological characteristics of 
normal cells, such as cellular morphology, surface features, 
and biological functions (27,28). 

Periodontal membrane is located between alveolar bone 
and teeth, and the stem cells in the periodontal membrane 
have the potential to regenerate both them (7). So the main 
characteristics of hPDLSCs used in tissue engineering are 
their osteogenic and odontoblastic ability. In most studies, 
the methods of osteogenic induction and odontogenic 
induction are the same (18-20,22,29). DSPP is a specific 
marker for differentiated odontoblasts, which is initially 
expressed in odontoblasts and hPDLSCs at the bell stage 
during tooth development (26). Protein encoded by 
DMP-1 is an ECM protein closely related to osteopontin 
(OPN) that is expressed by odontoblasts, osteoblasts, 
and osteocytes, which is critical for dentin formation and 
periodontal development (29). ALP and OMD are classical 
markers of osteogenic differentiation (19,20,30). Without 
odontoblastic/osteogenic induction, hPDLSCs-hTERT 
expressed the odontogenic-related genes DMP-1, DSPP 
and osteogenic-related genes ALP, OMD in a relative low 
level. After 14–21 days induction, the cells expressed high 
levels of the ALP, DMP-1, OMD and DSPP (Figure 3). 
These data suggest that the cell line hPDLSCs-hTERT 
has odontoblastic/osteogenic differentiation potential 
which making them an ideal seed cell line in periodontal 
regeneration. Furthermore, we found that the relative 
expressions of ALP, OMD, DMP-1 and DSPP in hPDLSCs-
hTERT are higher than that in hPDLSCs among 0, 14 and 
21 days after osteogenic/odontogenic induction (P<0.05). 
Whether hPDLSCs-hTERT have stronger odontoblastic/
osteogenic differentiation potential than hPDLSCs need 
more experiments to verify.

One of the biggest concerns associated with the use of 
immortalized cells is tumorigenicity, because tumor cells 
also have immortal characteristics. The tumor suppressor 
gene, p53, which lies in the human chromosome 17p13 
region, plays a role in slowing or monitoring cell division 

under normal conditions (26). After p53 gene mutation, 
cells lose the ability to regulate growth, apoptosis, and 
DNA repair due to conformational changes (27,28). In the 
present study, p53 was used to verify whether immortalized 
PDLSCs were tumorigenic. p53 protein expression 
showed no significant difference between hPDLSCs-
hTERT (passage 49) and hPDLSCs (passage 9) (Figure 4), 
suggesting that the hPDLSCs-hTERT cell line may have 
low tumorigenicity.

In conclusion, a line of immortalized hPDLSCs 
was created in this study by transfecting the exogenous 
hTERT gene into hPDLSCs, which maintained stem cells’ 
characteristics. The resulting cell line has osteoblastic/
odontoblas t i c  d i f ferent ia t ion  potent ia l  and  low 
tumorigenicity. This cell line could be used as a cell line for 
studying the periodontal tissue engineering.
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