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Abstract: Periodontal ligament stem cells (PDLSCs) are 
promising cell resource for the cell-based therapy for per-
iodontitis and regeneration of bio-root. In this study, we 
investigated the effect of PDLSCs on neutrophil, a criti-
cal constituent of innate immunity, and the underlying 
mechanisms. The effect of PDLSCs on the proliferation 
and apoptosis of resting neutrophils and IL-8 activated 
neutrophils was tested under cell-cell contact culture and 
Transwell culture, with or without anti-IL-6 neutralizing 
antibody. We found that PDLSCs could promote the prolif-
eration and reduce the apoptosis of neutrophils whether 
under cell-cell contact or Transwell culture. Anti-IL-6 
antibody reduced PDLSCs-mediated inhibition of neutro-
phil apoptosis. IL-6 at the concentration of 10ng/ml and 
20ng/ml could inhibit neutrophil apoptosis statistically. 
Collectively, PDLSCs could reduce the apoptosis of neu-
trophils via IL-6. 
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1  Introduction
Mesenchymal stem cells (MSCs) possess the self-renewal 
and multi-potent differentiation capabilities, and are 
easily isolated and cultured in vitro. Under appropriate 
culture conditions, MSCs can be induced into osteoblast, 
adipocyte, and chondrocyte, thus making them favorable 
candidate for cell-based treatment [1]. Until now, MSCs 
can be isolated and characterized from a variety of human 
tissues, including, but not limited to bone marrow, adipose 
tissue, umbilical cord, periodontal ligament, etc. Originat-
ing from periodontal ligament tissues, periodontal liga-
ment stem cells (PDLSCs) are regarded as excellent seed 
cells for the treatment of periodontitis and regeneration of 
bio-root [2-4]. It is unavoidable that there is close contact 
between the MSCs and polymorphonuclear neutrophils 
(PMN) when MSCs are used for in vivo transplantation [5]. 

However, the effect of PDLSCs on PMN remains unknown. 
In this study, we investigated the effect of PDLSCs on PMN 
and underlying mechanisms. 

2  Materials and methods

2.1  Cell culture

All protocols for the handling of human tissue were 
approved by the Research Ethics Committee of Shandong 
University, Jinan, China. 

PDLSCs: Normal human impacted third molars were 
collected from 18-26-year-old patients at the Department 
of Oral and Maxillofacial Surgery, Shandong University 
School of Stomatology after the patients gave informed 
consent. The periodontal ligament from the middle third 
of the extracted molar root was separated gently from the 
surface of the root, and PDLSCs were isolated and cul-
tured as described previously [2, 6]. PDLSCs were incu-
bated in 25 cm2 culture flasks (Costar, Cambridge, MA, 
USA) containing alpha-modification of Eagle’s medium 
(GIBCO; Invitrogen, Carlsbad, CA, USA) supplemented 
with 15% fetal bovine serum (GIBCO), 100 μmol/l ascor-
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bic acid 2-phosphate (WAKO, Tokyo, Japan), 2 mmol/l glu-
tamine, 100 U/ml penicillin, and 100μg/ml streptomycin 
(Invitrogen). The cells used in this study were at the 3-4 
passage stage and could differentiate to osteoblasts and 
adipocytes in vitro (data not shown).

PMN: Venous blood of 20ml from healthy volunteers 
was anti-coagulated by heparin (10U/ml) and diluted by 
Hank’s balanced salt solution (Invitrogen) at the ratio 
of 1:1. Then the diluted blood was carefully layered onto 
5ml Ficoll (1.077 g/ml; Dingguo, Beijing, China) for cen-
trifugation at 1,000 rpm for 10 min. After plasma and the 
mononuclear cell layer were discarded, the erythrocytes 
were removed by 5% dextran followed by hypotonic 
lysis in bidistilled water for 10s as described previously 
[7]. PMN were then washed 3 times and resuspended in 
RPMI1640 (GIBCO) supplemented with 10% fetal bovine 
serum, 2mmol/l glutamine, 100 U/ml penicillin, 100 μg/
ml streptomycin and 20mol/l HEPES (Invitrogen). Neutro-
phils were about 96% pure on average as determined by 
morphologic analysis.

2.2  Examination of the proliferation of PMN 

PDLSCs of 1.0 × 104, 5.0 × 104, or 2.5 × 105 were cultured 
in triplicate in 96-well U-bottomed plates at 37°C in a 
humidified atmosphere supplemented with 5% CO2. Two 
hours later, the supernatant was removed and allogeneic 
PMN (5.0 ×104) were added. The cells were cultured for 24 
hours in 0.2 ml RPMI-1640 at 37°C with 5% CO2. Then the 
PMN were collected and Cell Counting Kit-8 kits (Dojindo 
Laboratories, Japan) were used to examine the prolifer-
ation of PMN. The absorbance at 450 nm was measured 
on a Microplate Spectrophotometer (Molecules Devices, 
Sunnyvale, CA, USA). In other assays, IL-8 (10ng/ml；Sig-
ma-Aldrich, St. Louis, MI, USA) were added into the culture 
system as above mentioned at the same time PDLSCs and 
PMN were co-cultured. The cells were cultured in 0.2 ml 
RPMI-1640 at 37°C with 5% CO2, and PMN proliferation 
was measured as described above 24 hours later.

2.3  Detection of the apoptosis of PMN

The co-culture of PDLSCs and PMN (at the ratio of 1:5, 1:1, 
and 5:1) was established for 24 hours as above mentioned. 
Then PMN were collected and the percentage of apoptotic 
PMN was evaluated using the Annexin V-Fluos stain-
ing kit (Roche Diagnostics, Penzberg, Germany) accord-
ing to the manufacturer’s instructions. In other assays, 
IL-8(10ng/ml；Sigma-Aldrich) or anti-IL-6 neutralizing 

antibody(10ng/ml；eBioscience, San Diego, CA,USA) 
were added into the culture system at the beginning of 
co-culture of PDLSCs and PMN. The cells were cultured in 
0.2 ml RPMI-1640 at 37°C with 5% CO2, and the percentage 
of apoptotic PMN was measured 24 hours later.

2.4  Transwell culture

Transwell chambers with a 0.4 μm pore size membrane 
(Costar, Cambridge, MA, USA) were used to separate the 
PMN from the PDLSCs [8]. PMN (5.0 ×104) were seeded in 
the upper chamber, and PDLSCs of equal number were 
placed in the bottom chamber. After 24 hours of co-cul-
ture, PMN were harvested, and the apoptotic percentage 
was measured.

2.5  Co-culture of PMN and IL-6

PMN and IL-6 of different concentrations (5ng/ml, 10ng/
ml, 20ng/ml) were co-cultured for 24 hours. Then the per-
centage of apoptotic PMN was measured.

2.6  Statistical analysis

The results were collected and analyzed using SPSS 17.0 
software (SPSS, IBM, Armonk, NY, USA). Statistical sig-
nificance was assessed by two-tailed Student’s t test or 
analysis of variance (ANOVA); a p-value less than 0.05 was 
considered statistically significant. 

3  Results
When PDLSCs were co-cultured with resting PMN for 24 
hours, the proliferation of PMN was elevated significantly. 
After the stimulation of PMN by IL-8, PDLSCs also could 
promote the proliferation of PMN, and there was no differ-
ence between the proliferation of resting PMN and stimu-
lated PMN (Figure 1A). 

PMN possess the property of spontaneous apoptosis. 
We then detect the apoptosis rate of PMN. Post-co-culture 
with PDLSCs, the apoptosis rate of PMN reduced signifi-
cantly, whether IL-8 was added into the co-culture or not 
(Figure 1B). 

Next we examined the mechanisms by which PDLSCs 
suppressed the PMN apoptosis. To examine whether 
cell-cell contact was required in this course, a Transwell 
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culture system was used to separate PMN from PDLSCs. 
The data showed that PMN apoptosis was equally sup-
pressed by PDLSCs in both cell-cell contact culture and 
Transwell culture, suggesting that soluble factor(s) might 
be involved in the phenomenon (Figure 2A).

In addition, when anti-IL-6 neutralizing antibody was 
added into the co-culture of PDLSCs and PMN, the apopto-
sis of PMN increased markedly, comparable to that of the 
PMN cultured alone (Figure.2B). 

After co-culture of PMN and IL-6 of different concen-
trations for 24 hours, IL-6 at the concentration of 10ng/
ml and 20ng/ml could inhibit PMN apoptosis statistically, 
and there was no statistical difference between the groups 
of 10ng/ml and 20ng/ml. However, IL-6 at the concen-
tration of 5ng/ml could not inhibit the apoptosis of PMN 
(Figure 3).

4  Discussion
Human immunity includes innate immunity and adaptive 
immunity, and cellular immunity and humoral immu-
nity are two parts of adaptive immunity. Previous reports 
revealed that PDLSCs can suppress the cellular immunity 
and humoral immunity, including suppression of prolif-
eration of T and B lymphocytes, and that transplantation 
of allogeneic PDLSCs did not induce immune responses 
[8-11]. However, the effect of PDLSCs on innate immunity is 
elusive. PMN is an important constituent of human innate 
immunity and the major inflammatory cells in the human 
body, playing important roles in maintaining homeosta-
sis, withstanding the invasion of microbial pathogens, 
and improving the repair and regeneration of tissues [12]. 

PMN are a kind of terminally differentiating cell 
and normally short-living cells under normal physiolog-
ical circumstances [13]. Our results showed that PDLSCs 
could improve the proliferation and reduce the apoptosis 

Figure 1: The effect of PDLSCs on the proliferation and apoptosis rate of PMN. (A) PDLSCs could elevate the proliferation of resting PMN and 
IL-8 stimulated PMN significantly. (B) The apoptosis rate of resting PMN and IL-8 stimulated PMN could be reduced by PDLSCs significantly. 
*: P<0.05 vs other groups. Data are expressed as mean ± SD of triplicates from six independent experiments.

Figure 2: IL-6 is the critical factor in the PDLSCs-mediated reduction of PMN apoptosis. (A) PMN apoptosis was equally suppressed by 
PDLSCs in both cell-cell contact culture and Transwell culture. (B) The apoptosis of PMN increased markedly when anti-IL-6 neutralizing 
antibody was added into the co-culture of PDLSCs and PMN. *: P<0.05 vs other groups. NS: not significant. Data are expressed as mean ± SD 
of triplicates from six independent experiments.
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rate of resting PMN or IL-8 activated PMN, in accord with 
bone marrow derived MSCs [14], and which may mark-
edly enhance the functions of PMN as the first line of 
defense against infectious pathogens in the inflammatory 
response [15].

To determine whether or not soluble factor is associ-
ated with PDLSCs-induced apoptosis suppression of PMN, 
we set up Transwell culture system to separate PDLSCs 
from PMN, and found that PDLSCs could reduce the PMN 
apoptosis in both cell-cell contact culture and Transwell 
culture, and there was no difference between the two 
culture conditions, implying that soluble factor takes part 
in the process.

IL-6 is a multi-functional cytokine and involved in 
various diseases including acute and chronic inflamma-
tion, and participates in the initiation of inflammation, 
which is capable of enhancing the proliferation and differ-
entiation of T and B lymphocytes, and promotes the pro-
duction and activation of PMN under inflammation [16, 
17]. Previous studies showed that IL-6 was constitutively 
secreted by MSCs tested by cytokine mRNA expression 
array analyses, quantitatively by Multiplex and enzyme-
linked immunosorbent assay analyses [18-21]. It was also 
found that IL-6 could prolong the survival time of PMN 
[22]. In addition, IL-6 was capable of inhibiting the apop-
tosis of PMN [23-26]. The proapoptotic protein Bax on PMN 
was down-regulated by IL-6, and the spontaneous activity 
of caspase-3 was also inhibited by IL-6 [23]. Furthermore, 
IL-6 was notably increased 24 hours postsurgery and at 
this postoperative concentration inhibited apoptosis of 
normal PMN [25]. In another study, IL-6 was regarded as 
the significant factor to inhibit exudative PMN apoptosis 

which was markedly decreased on postoperative days 
[26]. Consistently, we observed that anti-IL-6 neutralizing 
antibody was able to restore the apoptosis of PMN when 
added into the co-culture of PDLSCs and PMN, showing 
that IL-6 plays a crucial role in the course.  

This study showed that PDLSCs are able to reduce the 
apoptosis of PMN significantly, and IL-6 is involved.
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