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ABSTRACT. Periodontal ligament stem cells (PDLSCs) are tissue-specific mesenchymal stem cells
(MSCs), having an important role in regenerative therapy for teeth loss. Interleukin-7 (IL-7) is a key
cytokine produced by stromal cells including MSCs, and exhibits specific roles for B and T cell
development and osteoblasts differentiation of multiple myeloma. However, the effect of IL-7 on
osteogenic differentiation of PDLSCs remains unclear. Therefore, in the present study we determined
whether IL-7 affects the proliferation and osteogenic differentiation of PDLSCs in vitro and explored
the associated signaling pathways for IL-7-mediated cell differentiation. The results demonstrated that
the isolated human PDLSCs possessed MSCs features, highly expressing CD90, CD44, CD105, CD29
and CD73, and almost did not expressed CD34, CD45, CD11b, CD14 and CD117. IL-7 could not
significantly affect the proliferation of PDLSCs, but it decreased their osteogenic differentiation and
inhibited alkaline phosphatase (ALP) activity. The results of quantitative reverse transcription-
polymerase chain reaction (qRT-PCR) and Western blotting exhibited that the expression levels of
Runx-2, SP7 and osteocalcin (OCN) were significantly reduced by IL-7. Further studies indicated that
IL-7 did not significantly change JNK, ERK1/2 and p38 protein production, but markedly suppressed
their phosphorylation levels. These data suggest that IL-7 inhibits the osteogenic differentiation of
PDLSCs probably via inactivation of mitogen-activated protein kinase (MAPK) signaling pathway.
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INTRODUCTION

Increasing studies have indicated that the cells
of periodontal ligament (PDL) tissues have the

capacity to form a complete periodontal attach-
ment apparatus that is generally destroyed by peri-
odontitis which is a chronic inflammatory and
infectious disease leading to progressive damage
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including teeth loss if not treated.1-3 PDL, which
is a connective tissue between alveolar bone and
cementum,4 contains various types of cells includ-
ing undifferentiated stem cells, fibroblasts, epithe-
lial cells, endothelial cells, and abundance of
blood vessels.5-7 Previous studies have indicated
that the regenerative capacity of PDL is closely
associated with mesenchymal stem cells (MSCs)
that have been recognized to reside within human
PDL tissue.8,9 PDL stem cells (PDLSCs) repre-
sent a population of somatic stem cells of mesen-
chymal origin, and they were identified as MSCs
in 2004.10 PDLSCs are committed to several
development lineages, and possess an ability for
self-renewal and multipotent differentiation, such
as osteoblasts, adipocytes, neurocytes and
chondrocytes,11,12 and play an important role in
maintaining homeostasis and promote the regen-
eration of periodontal tissue.5,13 Currently, it is
clear that PDLSCs are responsible for the physio-
logical remodeling and therapeutic regeneration
of periodontium.6,14 Therefore, PDLSCs are
possibly the best and first choice for use in
periodontal regenerative therapies.15

Previous studies have indicated that interleu-
kin-7 (IL-7) is a key cytokine during B cell
development and is secreted by stromal cells in
the bone marrow, fetal liver, thymus and
spleen.16 It is established that IL-7 is also
required for T cell development in the thy-
mus.17 Additionally, IL-7 produced by bone
marrow stromal cells was exhibited to block
osteoblast formation by decreasing the activity
of Runx-2/Cbfa1 that is a critical transcription
factor required for osteoblast differentiation.18-
20 The potential involvement of IL-7 in inhibi-
tory effects on osteoblast differentiation has
been supported by the decreased osteoblast col-
ony-forming units (CFU-OB) formation in
human bone marrow cultures and reduced
Runx-2/Cbfal activity in human osteoprogeni-
tor cells.21 The mechanisms responsible for the
inhibited osteoblast activity in myeloma are
just beginning to be understood.20 However,
how IL-7 affects the osteogenic differentiation
of PDLSCs remains unclear.

The primary aim of this study was to investi-
gate the ability of IL-7 to modulate the prolifer-
ation and osteogenic differentiation of PDLSCs
from healthy subjects. We also explored the

possible roles of mitogen-activated protein
kinase (MAPK) signaling pathway in the IL-7-
induced osteoblast differentiation of PDLSCs.

RESULTS

PDLSCs morphology and phenotypic
analyses

The cultured human primary PDLSCs demon-
strated a spindle-like morphology with elongated
cytoplasmic processes (Fig. 1A). The results of
flow cytometry analysis indicated that the isolated
PDLSCs highly expressed CD90 (98.12%),
CD44 (95.81%), CD105 (96.37%), CD29
(99.08%) and 73 (97.24%), which all belongs to
the surface markers of MSCs, and almost did not
express haematopoietic stem cell markers
(Fig. 2B), such as CD34 (0.34%), CD45 (0.41%),
CD11b (0.23%), CD14 (0.46%) and CD117
(0.25%). These findings confirmed the MSCs fea-
tures of the isolated PDLSCs.

Effect of IL-7 on the proliferation of
PDLSCs

The effect of IL-7 treatment on cell prolifer-
ation was evaluated by MTT assay. As shown
in Fig. 2, the results demonstrated that the
addition of 10 or 20 ng/ml IL-7 in culture
medium did not significantly affect PDLSCs
proliferation after cultivation of 24, 48, 72 and
96 h, when compared to the untreated control.

IL-7 inhibits osteogenic differentiation of
PDLSCs

To investigate the effect of IL-7 on osteogenic
differentiation of PDLSCs, the cells were culti-
vated in osteogenic culture medium in the pres-
ence of IL-7 (0, 10 and 20 ng/ml). After two
weeks of induction, ALP as an early osteogenesis
marker, its activity was detected. As shown in
Fig. 3A, ALP activity was significantly decreased
by increasing concentrations of IL-7, which indi-
cates that IL-7 treatment suppressed osteogenic
differentiation of PDLSCs. This inhibitory effect
was further confirmed by Alizarin red staining
which demonstrated that calcium deposition and
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mineralized nodules of PDLSCs were markedly
reduced after induction of 3 weeks when com-
pared to the untreated cells (Fig. 3B). Addition-
ally, the sensitivity of the colorimetric method
obtained by the extraction of the calcified mineral
demonstrated that a decreased absorbance value
was observed with increasing concentrations of
IL-7 (Fig. 3C), which was consistent with the
results of Alizarin red staining. On the other hand,
the expression of osteogenic related genes and
proteins such as Runx-2, SP7 and OCNwas deter-
mined by qRT-PCR and western blotting. The
results exhibited that the expression levels of
Runx-2, SP-7 and OCNmRNA and proteins were
markedly reduced by IL-7 at a dose-dependent
manner (0, 10 and 20 ng/ml) after 2 weeks of
osteogenic induction (Fig. 4).

IL-7 inhibits the activation of MAPK
signaling

Previous studies have indicated MAPK signal
pathways play an important role in the regulation
of osteoblasts differentiation.22 Therefore, we
detected the protein levels of JNK, ERK1/2, p38
and their phosphorylated forms by western blot-
ting after the cells were incubated in serum-free
medium with IL-7 (0, 10 and 20 ng/ml) for 48 h.
As shown in Fig. 5, the results demonstrated that
IL-7 significantly down-regulated the phosphor-
ylation levels of JNK, ERK1/2 and p38, but it did
not change the protein production of JNK,
ERK1/2 and p38, which suggests that MAPK
signaling probably involved in IL-7-mediated
inhibition of osteogenic differentiation of
PDLSCs.

DISCUSSION

Mesenchymal stem cells are multipotent pro-
genitor cells capable of differentiation into

FIGURE 1. Morphologic analysis and pheno-
typic identification of PDLSCs. (A) Morphology
of PDLSCs which demonstrated spindle-like
shape. Scale bar: 100 mm. (B) Cell surface anti-
gens of PDLSCs at passage 2 were detected by
flow cytometry. The percentages of cell surface
CD markers were shown in the histograms.
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osteoblast and maintain the bone homeostasis.
Many studies have indicated that PDLSCs are a
group of tissue specific MSCs derived from
periodontal ligament,23 and play an important
role, not only in maintaining the homeostasis of
periodontal tissue, but also in promoting peri-
odontal regeneration.24 Previous studies have
shown the role of IL-7 in the inhibition
of bone formation in multiple myeloma.25

However, how osteogenic differentiation of

PDLSCs is regulated by IL-7 still need to be
explored. In the present study, we found that
IL-7 did not significantly change proliferation
ability of PDLSCs, but indeed inhibited their
osteogenic differentiation, decreased ALP
activity, and downregulated the expression lev-
els of Runx-2, SP7 and OCN, which are osteo-
genic markers.

In this studies, the PDLSCs were isolated from
healthy subjects, and their cell surface markers

FIGURE 2. Effect of IL-7 on the proliferation of PDLSCs. PDLSCswere treated by 0, 10 and 20 ng/ml
IL-7 for 24, 48, 72 and 96 h, followed by determination with MTTassays for cell proliferation. Data are
themean absorbance values at 570 nm of 3 experiments and the bars represented SD of themean.

FIGURE 3. IL-7 suppresses osteogenic differentiation of PDLSCs. After osteogenic induction cul-
ture for 2 or 3 weeks with or without IL-7 (10 and 20 ng/ml), ALP activity and calcium deposition
and extracellular matrix mineralization were evaluated, respectively. (A) ALP activity was quantified
and expressed relative to the untreated cells, to which an arbitrary value of 1 was given. (B) Repre-
sentative images of Alizarin red S staining. (C) Alizarin red S staining (B) was extracted and, the
amount of released dye was then measured by a spectrophotometer at 562 nm for absorbance
value. Data are presented as mean § SD, *P < 0.05 and **P < 0.01 compared with the control
(0 ng/ml of IL-7). #P < 0.05 compared with the group (10 ng/ml of IL-7).
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were detected by flow cytometry. The results
demonstrated that these isolated PDLSCs
expressed high levels of CD90, CD44, CD105,
CD29 and 73, which are MSCs-related surface
markers, but they were almost negative for CD34,
CD45, CD11b, CD14 and CD117. These findings
are in accordance with previous reports about the
characteristics of PDLSCs.26,27

It has been shown that PDLSCs are multipo-
tent stem cells with features similar to MSCs,
and have capacity to self-renew and differentiate
into various cell lineages such as bone, adipose
and neural cells.28 In this study, the effect of IL-
7 on osteogenic differentiation of PDLSCs was
evaluated. Alizarin red staining demonstrated
that IL-7 treatment apparently decreased the for-
mation of mineralized nodules and calcium

deposition. The activity of ALP, an early osteo-
genesis marker, was significantly reduced in the
PDLSCs after osteogenic induction culture for
2 weeks in the presence of
IL-7. Additionally, the expression of osteogenic
differentiation related genes and proteins Runx-
2, SP7 and OCN was also downregulated after
osteogenic induction with IL-7 addition. Runx-
2/cbfa1 is a critical transcription factor responsi-
ble for regulating the formation and differentia-
tion of osteoblastic cells from bone marrow
mesenchymal/stromal cells in physiologic condi-
tion.29,30 It has been indicated that in preosteo-
blastic cells and bone marrow stromal cells,
Runx-2/cbfa1 activation induces osteogenic
markers expression, such as collagen, alkaline
phosphatase, and OCN during the various stages

FIGURE 4. Effects of IL-7 on the expression levels of Runx-2, SP7 and OCN. (A-C) Gene expres-
sion of Runx-2, SP7 and OCN in PDLSCs was determined by qRT-PCR after osteogenic induction
culture with 10 and 20 ng/ml of IL-7 for 2 weeks. (D) Representative Western blot images demon-
strated that protein expression of Runx-7, SP7 and OCN in PDLSCs was measured by Western
blotting after osteogenic induction with 10 and 20 ng/ml of IL-7 for 2 weeks of culture. (E) Relative
protein levels of Runx-2, SP7 and OCN were quantified by the densitometry of each band normal-
ized to b-actin signal. Data are presented as mean § SD, *P < 0.05 and **P < 0.01 compared with
the control (0 ng/ml of IL-7). #P < 0.05 compared with the group (10 ng/ml of IL-7).
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of osteoblast maturation.31 Previous studies have
demonstrated that IL-7 reduces the promoter
activity of Runx-2/cbfa1 in osteoblastic cells,
and may act as an uncoupled factor to stimulate
bone resorption or inhibit bone formation.21 In

the present studies, Runx-2 expression was sig-
nificantly reduced by IL-7 at transcriptional and
translational levels, which suggests that the oste-
ogenic differentiation of PDLSCs was blocked
during the osteogenic induction culture.

FIGURE 5. IL-7 inhibits the MAPK signaling in PDLSCs. PDLSCs were stimulated with IL-7 (0, 10
and 20 ng/ml) for 48 h, and total protein was extracted and subjected to Western blot analysis. (A)
Representative western blot images demonstrating a markedly inhibitory role on the phosphoryla-
tion levels of JNK, ERK1/2 and p38, but not their protein levels. (B) Relative protein levels of JNK,
ERK1/2, p38, and their phosphorylated levels were quantified by the densitometry of each band
normalized to b-actin signal. Data are presented as mean § SD, *P < 0.05 and **P < 0.01 com-
pared with the control (0 ng/ml of IL-7). #P < 0.05 compared with the group (10 ng/ml of IL-7).
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Previous studies have demonstrated that
MAPK activation is necessary for extracellular
matrix-dependent stimulation of the bone
marker, alkaline phosphatase.32 It is well-
known that MAPK signaling pathway mainly
consists of JNK, ERK1/2, and p38. To further
investigate the mechanism by which IL-7 sup-
pressed the osteogenic differentiation of
PDLSCs, we detected the protein levels of
JNK, ERK1/2, p38, and their phosphorylated
forms. The results indicated that IL-7 did not
significantly change the expression levels of
JNK, ERK1/2, and p38, but it markedly
reduced the phosphorylated levels of JNK,
ERK1/2, and p38 after osteogenic induction
culture. Recently, it has been demonstrated that
ERK1/2 and p38 phosphorylation is involved
in the induction and control of transcriptional
activity of Runx-2 and Osterix that are required
for osteoblast differentiation and bone forma-
tion.33 Extracellular matrix plays an important
role in cell proliferation, differentiation, and
migration, and its stiffness was found to regu-
late MSCs osteogenic differentiation through
JNK or ERK activation.34 It has been reported
that the activation of JNK and p38 leads to
Runx-2 and Osterix expression, and promotes
MSCs osteogenesis.35 In the present study, IL-
7 significantly reduced the phosphorylated lev-
els of JNK, ERK1/2, and p38, which indicated
IL-7 inhibited osteogenic differentiation of
PDLSCs possibly through inactivation of
MAPK signaling pathway. It should be noted
that there are some limitations in this study.
Firstly, we did not detect the effect of IL-7 on
bone formation in animals, although we found
its inhibitory role in osteogenic differentiation
of PDLSCs in vitro. Additionally, we did not
determine the levels of IL-7 in the blood sera of
patients with periodontal disease. It has been
demonstrated that an elevation of IL-7 levels
has been observed in circulatory environment
of patients with multiple myeloma, and its
inhibitory effects on osteoblast differentiation
were confirmed in these patients with multiple
myeloma.18 On the other hand, it is necessary
to detect the expression level of IL-7 receptor
and its downstream signaling because the pres-
ence of IL-7 receptor has been shown in human
bone marrow stromal cells.36 The above

mysteries should be further investigated in
future work.

In summary, our data indicate that IL-7 has no
effect on the proliferation of human PDLSCs,
but it markedly inhibits the osteogenic differenti-
ation of human PDLSCs, decreases ALP activity,
and downregulates the expression of Runx-2,
SP7, and OCN genes and proteins possibly
through suppressing the phosphorylation of JNK,
ERK1/2, and p38 proteins. This studymay repre-
sent the starting point for further investigating
the role of IL-7 in vivo.

MATERIALS AND METHODS

Isolation and culture of PDLSCs

PDLSCs were isolated from 4 healthy sub-
jects (age 21–28 years) who donated their nor-
mal impacted third molars for orthodontic
purpose. The informed consent was signed by
every donor. The experimental protocol and
informed consent were reviewed and approved
by the Ethics Committee of PLA General Hos-
pital of Chengdu Military Region (Chengdu,
China). The periodontal ligament tissues were
washed with sterile phosphate-buffered saline
(PBS), and gently scraped from the tooth root
surface, and cut into small peaces (1–2 mm3)
with scissors, and then transferred to 25 cm2

culture flasks with DMEM culture medium
(Gibco, Life Technologies) added with 10%
fetal bovine serum (FBS), 100 U/ml penicillin
and 100 mg/ml streptomycin. After culture of
2 weeks, the cells migrated from the explant
tissues reached about 80% confluence, and their
morphology was observed and captured using
an inverted phase contrast microscope with a
Nikon digital camera (Tokyo, Japan), followed
by trypsinization and subculture until passage
6. The passage 2–6 (P2-P6) were used to the
following study.

PDLSCs immunophenotype

To confirm the mesenchymal stem cells
(MSCs) nature of isolated PDLSCs, we
detected the positive markers: CD90, CD44,
CD105, CD29, and CD73, and negative
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markers: CD34, CD45, CD11b, CD14, and
CD117 by flow cytometry. Briefly, the cells
were harvested, and incubated for 30 min in
the dark with the following fluorescein isothio-
cyanate (FTIC)-conjugated or phycoerythrin
(PE)-conjugated monoclonal antibodies: anti-
CD90, anti-CD44, anti-CD105, anti-CD29,
anti-CD73, anti-CD34, anti-CD45, anti-
CD11b, anti-CD14, and anti-CD117 which all
obtained from Cell Signal Technology (USA).
A nonspecific phycoerythrin-conjugated IgG
was used evaluate background fluorescence.
After incubation, CD markers of PDLSCs were
determined using flow cytometry with Cell-
QestPro acquisition software.

Cell proliferation assay

MTT (3-(3,4-Dimethylthiazol-2-yi)-2,5-diphe-
nyltetrasolium bromide) assay was used to detect
the effect of IL-7 on cell proliferation. Briefly,
PDLSCs were seeded into 96-well culture plates
at a density of 1 £ 104 cells/well, and incubated
for 24 h in the culture medium. Recombinant
human IL-7 (R&D System, Abingdon, UK) at
increasing concentrations (0, 10, 20 ng/ml) was
then added to the culture for 0, 24, 48, 72, and
96 h, followed by addition of MTT (5 mg/ml)
into each well for 4 h incubation. Then, culture
medium was removed, and 150 ml of dimethyl
sulfoxide were added into each well for dissolu-
tion of formazan crystals. Absorbance value at
570 nm was then determined using automatic
reader for microtiter plates (PerkinElmer, USA).
The tests were performed at least 3 times. Data
are denoted as a percentage of the value for the
corresponding control cultured without IL-7 treat-
ment (0 ng/ml of IL-7).

Osteogenic differentiation assays

The effect of IL-7 on osteogenic differentia-
tion of PDLSCs was evaluated. Briefly, The
cells at P3 were seeded into 6-well plates at a
density of 1 £ 105 cells/well, and cultured in
osteogenic induction medium containing
DMEM culture medium, 10% FBS, 50 mM
ascorbate-2-phosphate (Sigma-Aldrich, USA),
10 mM b-glycerophosphate (Sigma-Aldrich),

100 nM dexamethasone (Sigma-Aldrich). After
24 h incubation, IL-7 (0, 10 and 20 ng/ml) was
added into the osteogenic induction medium
for continuous culture of 2 or 3 weeks. The
osteogenic differentiation was separately
assessed by the detection of alkaline phospha-
tase (ALP) activity, Alizarin red staining assay,
and quantitative reverse transcription polymer-
ase chain reaction (RT-PCR) analyses and
Western blot analyses.

ALP activity detection and Alizarin red
staining assay

ALP activity was determined using a commer-
cially available assay kit (Zhongshan, Beijing,
China) according to the manufacturer’s
instructions. Briefly, after 2 weeks of induction
culture, PDLSCs were washed 3 times with PBS,
followed by addition with pnitrophenol phosphate
substrate solution (100 ml/well in 96-well plates)
and incubation for 30 min at 37�C. The reaction
was then stopped by the addition of 2 MNaOH to
reaction mixture. Enzyme activity was quantified
by absorbance at 405 nm using a microplate
reader. In addition, to evaluate calcium nodules
deposition and extracellular matrix mineraliza-
tion, the cells were fixed with 4% paraformalde-
hyde after 3 weeks of induction culture, and
stained 2% Alizarin red for 20 min at room tem-
perature after 3 weeks of osteogenic induction.
For Alizarin red quantification, 1 ml of 10%
cetylpyridinium chloride was added to each well
as described previously.37 Light absorbance of the
extracted dye was determined at 562 nm using a
spectrophotometer (NanoDrop Technologies, DE,
USA). The experiments were performed 3 times.

Quantitative RT-PCR

After 14 d of induction culture, the cells were
harvested, and the total RNA from each sample
was extracted using Trizol reagent (Invitrogen,
CA, USA) following the manufacturer’s
instructions. cDNA was reversely synthesized
using OligodT primer and the Superscript First-
Strand Synthesis System (Invitrogen, CA, USA)
for RT-PCR according to the manufacturer’s
instructions. The specific primers of Runx-2, SP7
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OCN, and GAPDH were as follows: Runx-2 for-
ward50-CCCGTGGCCTTCAAGGT

T-30, and reverse 50-ATGACAG-
TACCGCCCATTGC-30; SP7 forward50-
GCCAGAA

GCTGTGAAACCTC-30, and reverse 50-
GCTGCAAGCTCTCCATAACC-30;
OCN forward 50-CACTCCTCGCCC-
TATTGGC-30, and reverse 50-CCCTC
CTGCTTGGAC

ACAAAG-30; GAPDH forward 50-ACCC
AGTCCATGCCATCAC-30, and reverse 50-
TCCACCACCCTGTTGCTGTA-30. Quantita-
tive RT-PCR was performed with SYBR�

Premix Ex TaqTM (Takara, Japan) on a Light-
Cycler� (Bio-Rad, CA, USA). The relative
expression levels of targeted genes were calcu-
lated by normalizing to the GAPDH. Quantita-
tive RT-PCR was performed in 3 independent
experiments.

Western blot analysis

Total proteins were extracted from the cells
with lysis buffer (1% sodium dodecyl sulfate,
10 nM tris-HCl, 1% Nonidet P-40, 1 nM ethyle-
nediaminetetraacetic acid (EDTA), 50 Nm
b-glycerophosphate, 1:100 proteinase inhibitor
cocktail, 50 nM sodium fluoride) (Roche Applied
Science, Monza, Italy). After the protein concen-
trationwas determinedwith BCA assay kit (Beyo-
time, China, 20 mg protein from each sample
were separated on 12% sodium dodecyl sulfate
polyacrylamide gel (SDS-PAGE) and electro-
transferred onto polyvinylidene difluoride
(PVDF) membranes, followed by blocking in 5%
fat-free dry milk in TBST (0.1 M Tris-buffered
saline-0.1% Tween-20) buffer for 2 h. Then, the
membranes were incubated with the following
primary antibodies: anti-Runx-2 (dilution,1:500)
(Catalog#D ab76956, abcam, Cambridge, UK),
anti-SP7 (dilution, 1: 500) (Catalog#D ab22552,
abcam, Cambridge, UK), anti-OCN (dilution, 1:
500) (Catalog#D ab13421, abcam, Cambridge,
UK), and b-actin (dilution, 1:1000) (Catalog#D
ab8226, abcam, Cambridge,UK) overnight at
4�C, followed by incubation with horseradish per-
oxidase-conjugated secondary antibody for 1 h.

Protein bands were visualized with an enhanced
chemiluminescence reagent (Amersham Bio-
sciences, NJ, USA), and quantified by densitomet-
ric scanning and analyses using an ImageQuant
LAS 4000 (Fujifilm, Tokyo, Japan), and
expressed as a relative ratio to b-actin protein.

Statistical analysis

Data were presented as the mean § SD. The
comparisons among different groups were per-
formed by one-way ANOVA followed by post-
hoc analysis the Scheffe test using a software
SPSS (version 17.0, Chicago, USA).
P value < 0.05 was considered statistically
significant.
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