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Periodontal disease (PD) is one of the main causes of tooth loss and is related to oxidative stress and chronic inflammation.
Although different treatments have been proposed in the past, the vast majority do not regenerate lost tissues. In this sense, the
use of dental pulp mesenchymal stem cells (DPMSCs) seems to be an alternative for the regeneration of periodontal bone tissue.
A quasi-experimental study was conducted in a sample of 22 adults between 55 and 64 years of age with PD, without
uncontrolled systemic chronic diseases. Two groups were formed randomly: (i) experimental group (EG) n = 11, with a
treatment based on DPMSCs; and a (ii) control group (CG) n = 11, without a treatment of DPMSCs. Every participant
underwent clinical and radiological evaluations and measurement of bone mineral density (BMD) by tomography. Saliva
samples were taken as well, to determine the total concentration of antioxidants, superoxide dismutase (SOD), lipoperoxides,
and interleukins (IL), before and 6 months after treatment. All subjects underwent curettage and periodontal surgery, the EG
had a collagen scaffold treated with DPMSCs, while the CG only had the collagen scaffold placed. The EG with DPMSCs
showed an increase in the BMD of the alveolar bone with a borderline statistical significance (baseline 638:82 ± 181:7 vs.
posttreatment 781:26 ± 162:2 HU, p = 0:09). Regarding oxidative stress and inflammation markers, salivary SOD levels were
significantly higher in EG (baseline 1:49 ± 0:96 vs. 2:14 ± 1:12U/L posttreatment, p < 0:05) meanwhile IL1β levels had a
decrease (baseline 1001:91 ± 675:5 vs. posttreatment 722:3 ± 349:4 pg/ml, p < 0:05). Our findings suggest that a DPMSCs
treatment based on DPMSCs has both an effect on bone regeneration linked to an increased SOD and decreased levels of IL1β
in aging subjects with PD.

1. Introduction

Periodontal disease (PD) is an infectious and inflammatory
alteration that affects the supporting tissues of the teeth
and, when treatment is not appropriate or adequate, it can
cause the loss of these [1]. PD presents an immune and
anti-inflammatory response caused by antigenic substances
from bacteria in the subgingival biofilm; however, the exacer-
bated host response is ineffective, and therefore chronic
inflammation is maintained [2].

During the acute phase of PD, the presence of bacteria,
and especially the lipopolysaccharides in your cell wall,
attracts macrophages, leukocytes, and neutrophils to the area
of infection. The latter contain enzymes such as NADPH oxi-
dase and myeloperoxidase to produce reactive oxygen species
(ROS) that help fight pathogens [3, 4].

Under normal conditions, antioxidant mechanisms pro-
tect tissues from damage by ROS secreted by neutrophils.
However, if the body’s antioxidant capacity is insufficient,
oxidative stress (OxS) occurs, which is an imbalance between

Hindawi
Stem Cells International
Volume 2020, Article ID 8890873, 12 pages
https://doi.org/10.1155/2020/8890873

https://orcid.org/0000-0002-9137-3405
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2020/8890873


ROS and antioxidants in favor of the former, causing tissue
damage [5].

OxS causes oxidation of important enzymes, stimulates
the release of proinflammatory interleukins, lipid peroxida-
tion, and DNA, and protein damage. These mechanisms
affect the gingival tissues, the periodontal ligament, the
root cementum, and the alveolar bone that support the
tooth [6, 7].

A prevalence of PD is estimated at around 11% within the
world population [8]. This frequency and its complications
increase as age increases. In this sense, the prevalence in peo-
ple over 40 years is higher than 30%. Among the main alter-
ations of this disease can be mentioned the loss of teeth and
chewing problems. This disease can even impact social con-
ditions like decreasing self-esteem and affecting social rela-
tionships [9].

The infectious and inflammatory processes of PD are
closely related to systemic diseases, such as cardiovascular
diseases, diabetes mellitus, arthritis, obesity, and Alzheimer’s
disease [10–12]. In this respect, both these biological alter-
ations and social repercussions may cause a risk of systemic
diseases and an overall life quality reduction of the individ-
ual. Thus, it is essential to give timely and effective treatment
for PD. A high percentage of adults in the aging process with
PD require surgical treatment; nevertheless, the results are
not entirely satisfactory because the regeneration of the lost
tissue is not achieved [13].

For this reason, new therapeutic alternatives have been
proposed, amid them, the grafting of dental pulp mesenchy-
mal stem cells (DPMSCs), have shown successful results in
preclinical investigations [14–17], yet there are few clinical
human studies [18].

The dental pulp cells originate from the neural crest.
During the embryonic period, the interaction between oral
ectodermal epithelial cells and mesenchymal stem cells
(MSCs) leads to the formation of various structures. First,
the enamel organ is formed. Then, the papilla and dental fol-
licle are formed. MSCs give rise to other components of the
tooth, such as dentin, pulp, cementum, and the periodontal
ligament [19]. DPMSCs are the MSCs that lodge in the
papilla at the level of the pulp chamber, where they remain
until teeth are exfoliated. Given its characteristics, this cell
niche is easily accessible, because its morbidity is limited after
harvesting and it is considered a suitable candidate for cell-
based tissue engineering strategies. Furthermore, it has a
wide expansion rate, the potential to differentiate into cells
from multiple cells, organs, systems [20, 21], and without
having a malignant phenotype [22].

In addition, it has been shown in preclinical studies that
DPMSCs differentiate into cementoblast-like cells, adipo-
cytes, and collagen-forming cells, with the ability to generate
cement-like material from periodontal tissue [23]. Hence,
they could be used in the treatment of PD. Still, despite its
qualities and favorable results, both in vitro and in vivo
[24] studies on the use of DPMSCs in humans with PD are
limited [18].

So, the objective of this study was to determine the effect
of a DPMSC treatment both the clinical improvement and
regeneration of periodontic bone tissue and their relationship

with the markers of chronic inflammation and oxidative
stress of people in the aging process with PD.

2. Materials and Methods

2.1. Experimental Design. A quasi-experimental study with
22 patients with PD was designed. The subjects’ age range
was between 55 to 64 years old. All were volunteers, of both
sexes, healthy or with controlled chronic diseases during
the last 12 months, without osteoporosis or horizontal peri-
odontal bone defects.

The research protocol was approved by the Ethics Com-
mittee of the National Autonomous University of Mexico
(UNAM), Zaragoza (25/11/SO/3.4.1.), and registered in
ISRCTN12831118. This study was performed in accordance
with the Declaration of Helsinki, and all participants signed
the written informed consent.

After a first screening, 48 patients were excluded from the
final sample because they did not meet the inclusion criteria
(n = 37), declined to participate (n = 3), or did not attend the
first appointment (n = 8). Thus, for this study, 22 patients
with periodontitis were finally enrolled.

The volunteers who met the inclusion and exclusion cri-
teria underwent nonsurgical treatment, in order to control
the acute phase of the disease and to manipulate the tissues.
This treatment consisted of hygienic-dietary instructions
and scaling and root planing. Enrolled subjects were ran-
domly divided into 2 groups (Figure 1). For the experimental
group (EG), a collagen scaffold plus 5 × 106 of DPMSCs was
placed by periodontal surgery. On the other hand, for the
control group (CG), only collagen scaffolding without cells
was placed. Both groups underwent probing, mobility, bone
mineral density, and saliva sampling to determine the Total
Antioxidants Status (TAS), superoxide dismutase (SOD),
lipoperoxides (LPO), and interleukins (IL) levels.

2.2. Cell Culture. Mesenchymal stem cells were obtained
from the dental pulp of three donors (two male patients ages
7 and 8 and a 10-year-old patient) after their parents’ signed
the written informed consent. All the samples were obtained
under aseptic conditions and under the strict criteria of good
manufacturing practices, using animal-origin free reagents.

The procedure for all samples was as follows. The dental
pulp was gently extracted from the teeth and immersed in a
digestive solution (3mg/ml collagenase type I plus 4mg/ml
dispase in Minimum Essential Medium-Alpha (MEM-α)
(Life Technologies, Grand Island, New York United States
of America) for 1 hour at 37° C. After the dental pulp had
been digested, it was dissociated and centrifuged at 497G
for 5 minutes. After centrifugation, it was resuspended in
MEM-α and incubated at 37° C until 80% confluence was
reached. The cells were analyzed by flow cytometry, and dif-
ferentiation tests were performed for osteogenic, adipogenic,
and chondrogenic lineages (Figure 2). The present findings
were consistent with the criteria of the International Society
of Cell Therapy for mesenchymal stem cells [25].

2.3. Treatment. Before the intervention, rinses were indicated
for 2 minutes with 0.12% chlorhexidine. After performing
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(n = 10) 
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Figure 1: General scheme for study tracking.

(a) (b)

(c)

Figure 2: Representative images showing in vitro differentiation of multiple mesenchymal stem cell lineages from dental pulp obtained from a
7-year-old donor: (a) Red oil staining showing lipid deposits (arrows), indicative of adipogenic lineage; (b) alcian blue staining showing
glycosaminoglycan deposits (arrows), indicative of chondrogenic lineage; and (c) alizarin red staining showing more densely stained areas
with mineral deposits (arrows), indicative of osteogenic lineage; (all images, original magnification × 40).
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asepsis of the area with benzalkonium chloride, locoregional
anesthesia was applied through lidocaine and adrenaline
infiltrations 1 : 50,000 to continue surgical access in the area
of the periodontal bone defect using a flap technique, which
consisted of in making an initial incision parallel to the lon-
gitudinal axis of the teeth, with a scalloped design and vertical
discharge incisions. Then, a mucoperiosteal flap was raised,
which was necessary to allow access to the root and bone sur-
faces. The root surfaces were smoothed with an ultrasonic
reamer, the granulation tissue was peeled off, and the area
was irrigated with saline water. Once the surface was cleaned,
the bone defect was filled with lyophilized polyvinylpyrroli-
done sponge® (clg-PVP) in 0.5 cm2 fragments with an Adson
forceps soaked in chlorhexidine gel. Subsequently, the EG
patients had 5 × 106 DPMSCs dripped suspended in 200ml
of PBS, while the CG only received 200ml of PBS without
DPMSCs. Finally, in both groups, collagen membranes
(Biomed extend®) were placed and the flap was sutured with
Viacryl®. A drop of periacril was placed, and finally Coe-
pack® was added to the area to protect the wound (Figure 3).

To control pain and edema, 100mg nimesulide was indi-
cated at the end of the intervention and 12 hours later.
Finally, the stability of the patient was ensured, and care
instructions were given. The need to control the biofilm in
the areas during the first 2 weeks was explained to the patient
by means of rinsing with chlorhexidine solution for 2
minutes twice a day; the use of Tebodont® toothpaste and
dental cleaning with the curaprox surgical brush®. Weekly
check-ups were scheduled to monitor the healing process.
Surgical cement was removed after 7 days, and a tomography
was performed 3 and 6 months after surgery.

2.4. Statistical Analysis. The data was analyzed using descrip-
tive statistics, where we determined the mean and standard
deviation (SD) and perform the Mann Whitney U test. A
value of <0.05 is considered statistically significant. Values
were determined using the SPSS statistical analysis program,
version 20.0.

3. Results

3.1. General. Sociodemographic characteristics and teeth
were involved in the study are presented in Table 1.

3.2. Effect of DPMSCs on Clinical Parameters. In Table 2, we
show that both the group to which collagen plus DPMSCs
was placed and the group to which only collagen was placed
demonstrated an increase in bone mineral density; however,
the increase in the DPMSCs group is almost twice more than
the group without cells (with DPMSCs, 142:442 ± 19:5 vs.
without DPMSCs, 50:262 ± 9:1 HU) with a borderline sta-
tistical significance (p = 0:09). Similarly, regarding the
depth of periodontal defect (DPD), a statistically signifi-
cant clinical improvement was observed in the group with
DPMSCs compared to the group with no cells placed
(with DPMSCs, −3:32 ± 0:12 vs. without DPMSCs, −1:80 ±
0:15mm, p < 0:001).

Regarding the degree of dental mobility, 100% of the
patients in the group with DPMSCs and in the group without

DPMSCs stopped having grade III mobility; nevertheless,
73% of the first group changed from grade III to grade I, in
contrast to 40% observed in the group that did not have
DPMSCs grafts (Table 2).

On the other hand, Figure 4 shows the tomographic and
radiological images of a case of a patient in the group with
DPMSCs and another in the group without DPMSCs, where
a bone type filler was more clinically evident in the first group
compared to the second was observed. In other words, the
quantitative results agree with what was observed in the
tomographies, where the presence of radiopaque tissue in
the area of the periodontal defect is seen (Figure 3).

3.3. Effect of DPMSC on Oxidative Stress Levels. Regarding
the oxidative stress markers in saliva, it was observed that
after treatment with DPMSCs, there is a statistically signifi-
cant increase in SOD (baseline, 1:49 ± 0:96 vs. posttreatment,
2:14 ± 1:12U/L, p < 0:05) in the group with DPMSCs
(Table 3).

3.4. Effect of DPMSC on Levels of Proinflammatory
Interleukins. Likewise, in relation to the effect of DPMSCs
on the concentration of interleukins IL-1β, IL-6, IL-8, IL-
10, and TNF-α, it was found that the group to which
DPMSCs were placed had a decrease in IL-1β (baseline,
1001:91 ± 675:53 vs. posttreatment, 722:30 ± 349:45 pg/ml,
p < 0:05) and that IL-6 also increased when grafting DPMSCs
(baseline, 11:31 ± 5:76 vs. posttreatment, 28:06 ± 18:43 pg/ml,
p = 0:06) (Table 4).

Finally, during the recovery period, the patients had no
complications, only minimal pain controlled with pain
relievers.

4. Discussion

Periodontal disease is a consequence of an exacerbated
immune response generated by the body to the excessive
accumulation of Gram-negative bacteria [26]. The direct or
indirect degradation of the collagen of the extracellular
matrix collagen in PD is the result of the activation of prote-
ases and phagocytosis. Furthermore, the release of proinflam-
matory interleukins is also disproportionately stimulated
through NF-κB activation and PG-E2 production by lipid per-
oxidation and superoxide release, which is related to bone
resorption [27].

In order to treat PD, several treatments have been pro-
posed; yet, scientific community continues to looking for
one method that allows the regeneration of the periodon-
tium. Regeneration of periodontal tissues lost through PD
is a true challenge because the alveolar bone, cementum,
and periodontal ligament must be restored to their original
architecture and physiology. For this reason, mesenchymal
stem cells (MSCs) allogeneic transplantation such as dental
pulp mesenchymal stem cells derived from deciduous teeth
(DPMSCs) is a good option for treating PD [28].

DPMSCs have been shown in vitro to be able to differen-
tiate into the necessary cells to repair tissues and also target
inflamed areas while secreting anti-inflammatory interleu-
kins that modulate the response of the immune system
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[29]. Conversely, some preclinical trials suggest that MSCs
have antioxidant potential and, consequently, the ability
to reduce the OxS that occurs during inflammation in
PD [30, 31].

In this context, promising results have been found
reported in vitro [32–34] and in animal models [14–17,
35–43]; even so, human research to support clinical appli-
cation is limited [44–47].

Human studies have about DPMSC and PD are generally
been conducted in young patients. However, the problem is
that PD occurs mainly in people over the age of 40, in which
most cells, including those of periodontal tissue, go into
senescence [28].

Additionally, although DPMSCs have multiple functions,
they decrease with age [48]. Thus, performing an autogenous
graft, (with cells from the same individual), involves two
important limitations: The first one is the ethical complica-
tion of extracting the pulp from a healthy tooth trying to res-
cue another with periodontal damage disease. And secondly,
even if the DPMSCs were obtained from the patient, proba-
bly his cells would have already gone into senescence due to
the changes that take place during the aging process [28].

Therefore, a useful alternative is to opt for MSCs from a
young exogenous source or from children, in order to over-
come the limitations of aged tissues and repair them. This,
altogether with the low immunogenicity of the DPMSCs

(a) (b)

(c) (d)

(e) (f)

Figure 3: Representative images showing the intervention. (a) Periodontal defect is shown; (b) exposure of the periodontal defect before
treatment; (c) placement of the collagen scaffolding; (d) placement of the DPMSCs; (e) placement of the membrane; and (f) sutured flap.
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and its easy obtaining prompted us to choose them to carry
out the present study.

Accordingly, we present the results of the effect of
DPMSCs on a collagen scaffold for the regeneration of peri-
odontal tissues in aging patients with vertical bone defects
caused by PD.

The therapeutic effects related to the regeneration of peri-
odontal tissue were evaluated through radiographic images,
clinical parameters (as has been proposed in the clinical set-
ting) [44–47], and also with the measurement of bone min-
eral density (BMD) through tomography [49]. In this sense,
in our study, an increase in BMD twice more was observed
in the group with DPMSCs compared to the group without
them, with borderline statistical significance.

In this regard, the tissue formation within the bone defect
of our patients may be due to the fact that DPMSCs differen-
tiate rapidly in osteoblasts and endotheliocytes [50], which
allows the formation of bone and the blood vessels necessary
to irrigate the newformed tissue. Besides, it has been observed
that the DPMSCs placed in bone defects express bone mor-
phogenic proteins 2 (BMP2), which in turn produce a greater
amount of bone, which is later mineralized, as reported by
Liu et al. (2011) and Aimetti et al. (2014), who observed
by radiographs, that after the placement of an MSCs graft,

the defect had been completely filled by a bone-like tissue
[51, 52].

The increase in BMD with DPMSCs could be caused by
two mechanisms. The first is explained by differentiation
and proliferation of DPMSCs from the donor within the
recipient’s tissues, and the second mechanism is through a
complex cellular communication system between grafted
DPMSCs and receptor periodontal tissue cells, which are
aged and damaged [24]. To complement the images showing
new bone formation, it would be useful to determine markers
such as BALP, Trap5b, Ntx, Ctx, and MMP-8 that indicate
the rate of bone remodelling formation, resorption, and reg-
ulation in the long term [53].

Regarding Depth of Periodontal Defect (DPD), in our
study, a statistically significant decrease was observed in the
group with DPMSCs compared to the group without them.
This suggests that the DPMSCs promote cell proliferation
resulting in an increase in both the gingival tissue and the
underlying one, which causes its insertion to be located more
coronally. This finding is consistent with what was previously
reported by our research group, in a clinical case [54] and
with other studies done by Aimetti et al. (2014), who
described a clinical case with a periodontal defect, treated
by MSCs obtained from one of the third molars of the same
patient, whereas after one year of intervention it was
observed that DPD had decreased and the degree of mobility
was also reduced [52]. This is due to the fact that both the
regeneration of the gingival sulcus epithelium and bone tis-
sue formation, favoring that the epithelial adhesion is more
coronally repositioned; thus, reducing DPD as indicated by
Sculean et al. (2004), in a study with infraosseous defects in
humans [55].

Concerning radiographic analysis, in our study, an
increase in the area of the periodontal defect was observed,
which is consistent with various preclinical and clinical trials,
whose reports were that after the placement of different types
of MSCs, a radiopaque area was observed radiographically in
the bone defect coronal part [43–47, 54].

On the contrary, MSCs have both enzymatic and non-
enzymatic biological mechanisms, which help in neutraliz-
ing ROS and correcting the damage caused to the
proteome and genome by OxS, thereby, efficient manage-
ment of OxS is guaranteed [56]. Since OxS is closely related
to PD, in our study, we evaluated the concentrations of lipo-
peroxides, total antioxidants, and also superoxide dismutase
(SOD). In this regard, it was observed that 6 months after
the placement of the DPMSCs graft, there was a statistically
significant increase in the concentration of SOD compared
to the group that was not treated with DPMSCs. This is
consistent with other studies that have shown that MSCs
increase SOD levels, supporting the proposed antioxidant
effect of MSCs [57].

On this subject, some studies have shown that MSCs can
resist high levels of OxS and its induced death. This is related
to the reduction in apoptosis and the ability of MSCs to pro-
cess peroxide and peroxynitrite, since the latter is associated
with the activity of SOD1, SOD2, CAT, and GPX1 enzymes
in MSCs and a high level of intracellular GSx [30]. Further-
more, MSCs express a high level of methionine and sulfoxide

Table 1: Demographic data and characteristics of the study
population.

Characteristics
With

DPMSCs
Without
DPMSCs

Total

No. of subjects, n 11 10 21

Age (y), mean ± SD 59:1 ± 5:12 59:7 ± 5:25 59:4 ± 5:19
Gender, n (%)

Female 4 (63.6) 3 (40) 7 (33.3)

Male 7 (36.4) 7 (70) 14 (66.7)

Education (y),
mean ± SD 11:72 ± 3:64 12:0 ± 3:71 11:8 ± 3:68

Systemic diseases,
n (%)

Yes 3 (27.3) 4 (40) 7 (33.3)

No 8 (72.7) 6 (60) 14 (66.7)

Regular medication,
n (%)

Yes 3 (27.3) 4 (40) 7 (33.3)

No 8 (72.7) 6 (60) 14 (66.7)

Teeth involved, n (%)

Maxilla incisor 1 (9) 0 (0) 1 (4.8)

Maxilla canine 0 (0) 0 (0) 0 (0)

Maxilla premolar 0 (0) 1 (1) 1 (4.8)

Maxilla molar 0 (0) 1 (1) 1 (4.8)

Mandible incisor 2 (18) 0 (0) 2 (9.5)

Mandible canine 0 (0) 0 (0) 0 (0)

Mandible premolar 1 (9) 1 (1) 2 (9.5)

Mandible molar 7 (64) 7 (7) 14 (66.6)

Values show mean ± standard deviation. DPMSCs: dental pulp
mesenchymal stem cells; EG: experimental group; CG: control group.
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reductase A; the last one acting as an important enzyme for
repairing oxidized proteins and for recovering methionine
residues that act as preserve the free-radical sink. [58].

Although treatment with MSCs can prevent decreased
SOD activity [59], it is important to mention that both the
synthesis and the release of SOD by MSCs are synergistically
regulated by inflammatory mediators such as TNF-α and
INF-γ preventing damage tissue [60]. In this regard, it has
been shown that the correct proliferation, migration, and

maturation of DPMSCs depend on the molecules found in
the environment and on genetic control [61]. The combined
action of signal transduction that is induced by some inter-
leukins determines that DPMSCs differentiate into an osteo-
genic lineage [62, 63]. Additionally, it is known that high
concentrations of proinflammatory interleukins play a fun-
damental role in the breakdown of periodontal tissue [64].

Although, a genetic expression analysis has proposed the
predominant effect of MSCs treatment on the activation of

Table 2: Effect of DPMSCs on clinical parameters by treatment group.

Parameter
With DPMSCs (n = 11) Without DPMSCs (n = 10) p

Basal 6 months Difference EG Basal 6 months Difference CG

BMD (HU) 638:82 ± 181:7 781:26 ± 162:2 142:442 ± 19:5 620:49 ± 143:5 670:76 ± 134:4 50:262 ± 9:1 0.098

DPD (mm) 5:66 ± 0:41 2:34 ± 0:29∗ −3:32 ± 0:12 5:58 ± 0:38 3:78 ± 0:53 −1:80 ± 0:15 0.001

Dental mobility

Grade III (%) 10 (90) 0 (0) 7 (70) 0 (0)

Grade II (%) 1 (10) 3 (27) 3 (30) 6 (60)

Grade I (%) 0 (0) 8 (73) 0 (0) 4 (40)

Values show mean ± standard deviation. Mann-Whitney U and Wilcoxon test, ∗p < 0:05. DPMSCs: dental pulp mesenchymal stem cells; BMD: bone mineral
density; HU: Hunsfield units; Depth of Periodontal Defect (DPD). EG: experimental group; CG: control group.
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(a) (b)

(c) (d)

Figure 4: Cone beam volumetric tomography and radiography in which the growth of bone tissue is observed in the EG with DPMSCs (a, b)
and the CG without DPMSCs (c, d).

Table 3: Oxidative stress markers in saliva prior to DPMSCs placement and 6 months after that.

Parameter
With DPMSCs (n = 11) Without DPMSCs (n = 10) p

Basal 6 months Difference EG Basal 6 months Difference CG

TAS (mmol/L) 0:598 ± 0:21 0:757 ± 0:32 0:159 ± 0:35 0:591 ± 0:29 0:640 ± 0:49 0:049 ± 0:36 0.618

SOD (U/L) 1:49 ± 0:96 2:14 ± 1:12∗ 0:647 ± 0:73 1:386 ± 0:70 1:100 ± 0:57 −0:276 ± 0:65 0.047

LPO (μmol/L) 0:0791 ± 0:02 0:0448 ± 0:35 −0:031 ± 0:04 0:0677 ± 0:03 0:0610 ± 0:03 −0:006 ± 0:03 0.225

Values showmean ± standard deviation. Mann-WhitneyU test, ∗p < 0:05. DPMSCs: dental pulp mesenchymal stem cells; TAS: Total Antioxidant Status; SOD:
superoxide dismutase; LPO: lipoperoxides. EG: experimental group; CG: control group.

7Stem Cells International



inflammatory pathways “normalizing” inflammation levels
[65]. In this regard, in the present investigation, a statistically
significant decrease in the levels of IL-1β was observed in the
group to which the DPMSCs were placed compared to the
group without them. This interleukin is closely related to
the existence and severity of PD. This statement is in agree-
ment with several studies that affirm that IL-1β is synthesized
by several cell lines of periodontal tissue and that it occupies a
central position among the mediators of the inflammatory
cascade during PD [66–68]. It is undeniable that the increase
in IL-1β production is associated with the development of
periodontal disease [69] and that the use of inhibitors of this
cytokine contributes to the reduction of periodontal bone
loss in primates [70], so it is suggested that the monitoring
of IL1β levels is a useful approach for determining therapeu-
tic outcomes and a potential target treatments for PD [69,
71]. Therefore, our findings support the hypothesis that not
only stem cells reduce the concentration of IL-1β but also
favor an increase in bone regeneration in patients with peri-
odontal disease.

Having said that, although high levels of IL-1β are associ-
ated with PD, it is also true that early IL-1β effectively
induces mesenchymal stem cells to differentiate into osteo-
blasts and tissue to become mineralized [72]. Consequently,
it would be advisable in future studies to carry out a short-
term evaluation after the placement of the DPMSCs.

Also, it has been reported that after the administration of
MSCs, the inflammatory microenvironment is promoted to
an anti-inflammatory one, by inhibiting the production of
proinflammatory cytokines (such as TNF-α and IL-6) and
regulating endothelial permeability. These effects can be
mediated by paracrine mechanisms that control the inflam-
mation cascade [73]. IL-6 is involved in the differentiation
of DPMSCs towards preosteoblasts [74]. For this reason, it
is possible that it intervenes in the regeneration of the peri-
odontium [64, 68]. In this regard, in our study, IL-6 concen-
trations showed a decrease with a tendency to difference in
the group treated with DPMSCs.

On the other hand, in our research, it was observed that
the patients treated with DPMSCs had no signs or symptoms
of rejection, which is consistent with previous clinical studies
that indicate that none of the patients had adverse effects on
mesenchymal stem cell grafting, since these are cells have
immunosuppressive activity, allowing them to be used allo-
geneically in the treatment of various diseases [75, 76]. Sim-

ilarly, our results agree with those of the study by Feng
et al. (2010), who observed that patients who underwent peri-
odontal ligament cells had a beneficial effect on periodontal
defects and had an uncomplicated healing of the gum during
the first 3 weeks [45].

This may be related to the fact that MSCs suppress the
proliferation of CD4+, CD8+, B cells, and natural killer T cells
[65]. They also induce the proliferation of CD4/CD25 regula-
tory T cells (Tregs), when cocultured with blood mononu-
clear cells, and can activate macrophages influencing them
to differentiate into an anti-inflammatory immunopheno-
type [77–80].

The immunodulatory capacity of MSCs is an important
property exploited for the treatment of diseases related to
inflammation, such as PD, because they can regulate both
the innate and adaptive immune response [81–83].

Some studies suggest that MSCs can inhibit activation of
T lymphocytes, natural killer cells, and dendritic cells [84],
and that type 1 dendritic cells are induced by MSCs to
reduce TNF-α secretion and type dendritic cells 2 to
increase IL-10 secretion [85, 86]. Likewise, Th1 cells reduce
the secretion of INF-γ and Th2 cells increase the secretion
of IL-4 [87], which induces a higher immune tolerance a
phenotype [88].

MSCs can suppress immune reactions both in vitro and
in vivo[89] because they express low levels of the Major His-
tocompatibility Complex (MHC) I antigens and do not
express MHC II. Accordingly, it is proposed that MSCs have
an “immunological privilege” that allows them to be used in
allogeneic transplants without problems [90].

Studies with autologous and allogeneic MSCs reveal that
these produce soluble factors such as TGF-β and hepatocyte
growth factor that suppress lymphocyte proliferation [91]. In
incipient clinical trials where MSCs are used allogeneically,
they have been shown to have good tolerance and to not
induce an immune response when transplanted into an unre-
lated receptor [92, 93], as observed in our study. In this sense,
preclinical and clinical studies applying MSC reveal benefi-
cial effects to solve different pathologies, but that does not
exclude some risks of acute problems (such as immune-
mediated reaction and embolic phenomenon), intermediate
problems (like graft versus host disease and secondary infec-
tion), and long-term problems (as risk of malignancy), due to
controversial results on these risks [94], it is recommended to
monitor the long-term safety of MSC use, quality control,

Table 4: Proinflammatory interleukins concentrations (pg/ml) in saliva samples prior to and after DPMSCs placement.

Parameter
With DPMSCs (n = 11) Without DPMSCs (n = 10) p

Basal 6 months Difference EG Basal 6 months Difference CG

TNF-α 8:91 ± 3:04 7:66 ± 3:37 −1:24 ± 1:41 9:276 ± 5:98 7:80 ± 5:78 −1:28 ± 1:79 0.844

IL-6 11:31 ± 5:76 28:06 ± 18:43 16:74 ± 5:88 20:13 ± 15:57 22:43 ± 18:40 2:30 ± 4:00 0.067

IL-1β 1001:91 ± 657:53 722:30 ± 349:45∗ −279:61 ± 167:51 1238:18 ± 779:95 1543:92 ± 827:15 305:73 ± 256:11 0.039

IL-10 2:92 ± 0:91 2:80 ± 0:48 −0:112 ± 0:212 2:62 ± 0:61 3:36 ± 0:56 −2:58 ± 0:19 0.268

IL-8 1270:92 ± 670:64 1145:72 ± 805:99 −125:19 ± 364:71 1497:27 ± 1339:83 827:27 ± 632:15 −670:0 ± 326:30 0.417

Values show mean ± standard error. Mann-Whitney U test, ∗p < 0:05. DPMSCs: dental pulp mesenchymal stem cells; IL: interleukin; TNF-α: tumor necrosis
factor alpha; EG: experimental group; CG: control group.
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and clinical-grade production that includes cell viability,
endotoxin, and oncogenic assays [95].

Finally, our findings show a therapeutic advantage in the
application of mesenchymal stem cells in vertical defects,
bone neoformation, antioxidant, and anti-inflammatory
activity compared to conventional treatment. Hence,
DPMSC treatment could be a more effective therapeutic
option for the recovery of connective tissues around the
tooth, which have been lost due to PD. Although it is impor-
tant to point out that one limitation of the study was the
reduced sample size, likewise, the groups were not propor-
tionally divided by age and sex, so the influence of these var-
iables could not be evaluated. In addition, the study follow-
up was only at 6 months, and the effectiveness of the treat-
ment cannot be assured any longer. In this sense, although
the potential risks of MSC administration cannot be
completely ruled out in our study, the function of MSCs
appears to be mediated through a “hit and run” mechanism
rather than through a sustained engraftment in the injured
tissues. The low degree of MSC engraftment may limit the
long-term advantages of MSC therapy [96]. Also, both the
localized issue of periodontal disease and of the therapeutic
procedure proposed here could act in favor rather than to
the detriment of the patient’s health.

5. Conclusions

Our findings suggest that a DPMSCs treatment has an effect
on periodontal bone regeneration in periodontal disease in
aging people, linked to an increased superoxide dismutase,
and decreased proinflammatory interleukins. Therefore, we
conclude that a DPMSCs treatment can be a useful option
to regenerate the lost tissues in periodontal disease.

Data Availability

The data used to support the findings of this study are avail-
able from the corresponding author upon request.

Conflicts of Interest

There are no conflicts of interest.

Acknowledgments

Posgrado en Ciencias Biológicas, UNAM y Consejo Nacional
de Ciencia y Tecnología (CONACyT) CVU: 412849/262614.
The authors appreciate the clinical support of Andrés
Alcauter-Zavala and Carlos Andrés Rosas Sánchez in the lan-
guage review. This project was supported by a grant from the
Secretaría de Educación, Ciencia, Tecnología e Innovación de
la Ciudad de México SECITI/042/2018 “Red colaborativa de
Investigación Traslacional para el Envejecimiento Saludable
de la Ciudad de México (RECITES).” Also, it was supported
by Dirección General de Asuntos del Personal Académico,
Universidad Nacional Autónoma de México (DGAPA,
UNAM), PAPIIT IN221815, and Posgrado en Ciencias Bio-
lógicas, UNAM.

References

[1] F. C. Irani, R. R. Wassall, and P. M. Preshaw, “Impact of peri-
odontal status on oral health-related quality of life in patients
with and without type 2 diabetes,” Journal of Dentistry,
vol. 43, no. 5, pp. 506–511, 2015.

[2] G. Hajishengallis, “Immunomicrobial pathogenesis of peri-
odontitis: keystones, pathobionts, and host response,” Trends
in Immunology, vol. 35, no. 1, pp. 3–11, 2014.

[3] B. Syndergaard, M. al-Sabbagh, R. J. Kryscio et al., “Salivary
biomarkers associated with gingivitis and response to ther-
apy,” Journal of Periodontology, vol. 85, no. 8, pp. e295–e303,
2014.

[4] N. Nizam, P. Gümüş, J. Pitkänen, T. Tervahartiala, T. Sorsa,
and N. Buduneli, “Serum and salivary matrix metalloprotein-
ases, neutrophil elastase, myeloperoxidase in patients with
chronic or aggressive periodontitis,” Inflammation, vol. 37,
no. 5, pp. 1771–1778, 2014.

[5] M. Greabu, A. Totan, D. Miricescu, R. Radulescu, J. Virlan,
and B. Calenic, “Hydrogen sulfide, oxidative stress and peri-
odontal diseases: a concise review,” Antioxidants (Basel),
vol. 5, no. 1, p. 3, 2016.

[6] M. Fredriksson, A. Gustafsson, B. Asman, and K. Bergström,
“Hyper-reactive peripheral neutrophils in adult periodontitis:
generation of chemiluminescence and intracellular hydrogen
peroxide after in vitro priming and FcyR stimulation,” Journal
of Clinical Periodontology, vol. 25, no. 5, pp. 394–398, 1998.

[7] A. Sharma and S. Sharma, “Reactive oxygen species and anti-
oxidants in periodontics: a review,” International journal of
Dental clinics, vol. 3, no. 2, pp. 44–47, 2011.

[8] N. J. Kassebaum, E. Bernabé, M. Dahiya, B. Bhandari, C. J. L.
Murray, andW.Marcenes, “Global burden of severe periodon-
titis in 1990-2010: a systematic review and meta-regression,”
Journal of Dental Research, vol. 93, no. 11, pp. 1045–1053,
2014.

[9] P. E. Petersen and H. Ogawa, “The global burden of peri-
odontal disease: towards integration with chronic disease
prevention and control,” Periodontology 2000, vol. 60, no. 1,
pp. 15–39, 2012.

[10] J. Otomo-Corgel, J. J. Pucher, M. P. Rethman, and M. A. Reyn-
olds, “State of the science: chronic periodontitis and systemic
health,” The Journal of Evidence-Based Dental Practice,
vol. 12, no. 3, pp. 20–28, 2012.

[11] H. Mawardi, L. Elbadawi, and S. Sonis, “Current understand-
ing of the relationship between periodontal and systemic dis-
eases,” Saudi Medical Journal, vol. 36, no. 2, pp. 150–158, 2015.

[12] P. S. Rahajoe, M. Smit, G. Schuurmans et al., “Increased IgA
anti-citrullinated protein antibodies in the periodontal inflam-
matory exudate of healthy individuals compared to rheuma-
toid arthritis patients,” Journal of Clinical Periodontology,
vol. 47, no. 5, pp. 552–560, 2020.

[13] D. F. Kinane, P. G. Stathopoulou, and P. N. Papapanou, “Peri-
odontal diseases,” Nature Reviews. Disease Primers, vol. 3,
no. 1, p. 17038, 2017.

[14] S. Otaki, S. Ueshima, K. Shiraishi et al., “Mesenchymal progen-
itor cells in adult human dental pulp and their ability to form
bone when transplanted into immunocompromised mice,”
Cell Biology International, vol. 31, no. 10, pp. 1191–1197, 2007.

[15] X. Fu, L. Jin, P. Ma, Z. Fan, and S. Wang, “Allogeneic stem cells
from deciduous teeth in treatment for periodontitis in min-
iature swine,” Journal of Periodontology, vol. 85, no. 6,
pp. 845–851, 2014.

9Stem Cells International



[16] X. Gao, Z. Shen, M. Guan et al., “Immunomodulatory role of
stem cells from human exfoliated deciduous teeth on peri-
odontal regeneration,” Tissue Engineering. Part A, vol. 24,
no. 17-18, pp. 1341–1353, 2018.

[17] Y. Q. Qiao, L. S. Zhu, S. J. Cui, T. Zhang, R. L. Yang, and Y. H.
Zhou, “Local administration of stem cells from human exfoli-
ated primary teeth attenuate experimental periodontitis in
mice,” The Chinese Journal of Dental Research, vol. 22, no. 3,
pp. 157–163, 2019.

[18] B. Hernández-Monjaraz, E. Santiago-Osorio, A. Monroy-
García, E. Ledesma-Martínez, and V. Mendoza-Núñez, “Mes-
enchymal stem cells of dental origin for inducing tissue regen-
eration in periodontitis: a mini-review,” International Journal
of Molecular Sciences, vol. 19, no. 4, p. 944, 2018.

[19] C. M. Sedgley and T. M. Botero, “Dental stem cells and their
sources,” Dental Clinics of North America, vol. 56, no. 3,
pp. 549–561, 2012.

[20] Y. Y. Jo, H. J. Lee, S. Y. Kook et al., “Isolation and characteri-
zation of postnatal stem cells from human dental tissues,” Tis-
sue Engineering, vol. 13, no. 4, pp. 767–773, 2007.

[21] J. Han, D. Menicanin, S. Gronthos, and P. M. Bartold,
“Stem cells, tissue engineering and periodontal regenera-
tion,” Australian Dental Journal, vol. 59, Suppl 1, pp. 117–
1130, 2014.

[22] T. Okajcekova, J. Strnadel, M. Pokusa et al., “A comparative
in vitro analysis of the osteogenic potential of human dental
pulp stem cells using various differentiation conditions,” Inter-
national Journal of Molecular Sciences, vol. 21, no. 7, p. 2280,
2020.

[23] B. M. Kinaia, S. M. A. Chogle, A. M. Kinaia, and H. E. Goodis,
“Regenerative therapy: a periodontal-endodontic perspective,”
Dental Clinics of North America, vol. 56, no. 3, pp. 537–547,
2012.

[24] E. Ledesma-Martínez, V. M. Mendoza-Núñez, and
E. Santiago-Osorio, “Mesenchymal stem cells for periodontal
tissue regeneration in elderly patients,” The Journals of Geron-
tology. Series A, Biological Sciences and Medical Sciences,
vol. 74, no. 9, pp. 1351–1358, 2019.

[25] M. Dominici, K. le Blanc, I. Mueller et al., “Minimal criteria for
defining multipotent mesenchymal stromal cells. The Interna-
tional Society for Cellular Therapy position statement,”
Cytotherapy, vol. 8, no. 4, pp. 315–317, 2006.

[26] J. L. Dzink, A. C. R. Tanner, A. D. Haffajee, and S. S. Socransky,
“Gram negative species associated with active destructive peri-
odontal lesions,” Journal of Clinical Periodontology, vol. 12,
no. 8, pp. 648–659, 1985.

[27] I. L. C. Chapple and J. B. Matthews, “The role of reactive oxy-
gen and antioxidant species in periodontal tissue destruction,”
Periodontol 2000, vol. 43, no. 1, pp. 160–232, 2007.

[28] E. Ledesma-Martínez, V. M. Mendoza-Núñez, and E. Santiago-
Osorio, “Mesenchymal stem cells derived from dental pulp: a
review,” Stem Cells International, vol. 2016, Article ID
4709572, 12 pages, 2016.

[29] L. Hao, H. Sun, J. Wang, T. Wang, M. Wang, and Z. Zou,
“Mesenchymal stromal cells for cell therapy: besides support-
ing hematopoiesis,” International Journal of Hematology,
vol. 95, no. 1, pp. 34–46, 2012.

[30] S. M. Shalaby, A. S. el-Shal, S. H. Abd-Allah et al., “Mesenchy-
mal stromal cell injection protects against oxidative stress in
_Escherichia coli_ -induced acute lung injury in mice,”
Cytotherapy, vol. 16, no. 6, pp. 764–775, 2014.

[31] T. Sun, G. Z. Gao, R. F. Li et al., “Bone marrow-derived mesen-
chymal stem cell transplantation ameliorates oxidative stress
and restores intestinal mucosal permeability in chemically
induced colitis in mice,” American Journal of Translational
Research, vol. 7, no. 5, pp. 891–901, 2015.

[32] S. Gronthos, M. Mankani, J. Brahim, P. G. Robey, and S. Shi,
“Postnatal human dental pulp stem cells (DPSCs) in vitro
and invivo,” Proceedings of the National Academy of Sciences,
vol. 97, no. 25, pp. 13625–13630, 2000.

[33] M. Miura, S. Gronthos, M. Zhao et al., “SHED: stem cells from
human exfoliated deciduous teeth,” Proceedings of the
National Academy of Sciences, vol. 100, no. 10, pp. 5807–
5812, 2003.

[34] S. Shi, P. M. Bartold, M. Miura, B. M. Seo, P. G. Robey, and
S. Gronthos, “The efficacy of mesenchymal stem cells to regen-
erate and repair dental structures,” Orthodontics & Craniofa-
cial Research, vol. 8, no. 3, pp. 191–199, 2005.

[35] T. Iwata, M. Yamato, H. Tsuchioka et al., “Periodontal regen-
eration with multi-layered periodontal ligament-derived cell
sheets in a canine model,” Biomaterials, vol. 30, no. 14,
pp. 2716–2723, 2009.

[36] Y. Liu, Y. Zheng, G. Ding et al., “Periodontal ligament stem
cell-mediated treatment for periodontitis in miniature swine,”
Stem Cells, vol. 26, no. 4, pp. 1065–1073, 2008.

[37] R. D'Aquino, A. De Rosa, V. Lanza et al., “Human mandible
bone defect repair by the grafting of dental pulp stem/progeni-
tor cells and collagen sponge biocomplexes,” European Cells
and Materials, vol. 18, pp. 75–83, 2009.

[38] G. Ding, Y. Liu, W. Wang et al., “Allogeneic periodontal liga-
ment stem cell therapy for periodontitis in swine,” Stem Cells,
vol. 28, no. 10, pp. 1829–1838, 2010.

[39] J.-Y. Park, S. H. Jeon, and P.-H. Choung, “Efficacy of peri-
odontal stem cell transplantation in the treatment of advanced
periodontitis,” Cell Transplantation, vol. 20, no. 2, pp. 271–
286, 2011.

[40] L. Wang, H. Shen, W. Zheng et al., “Characterization of stem
cells from alveolar periodontal ligament,” Tissue Engineering.
Part A, vol. 17, no. 7-8, pp. 1015–1026, 2011.

[41] F. F. Suaid, F. V. Ribeiro, T. R. L. E. S. Gomes et al., “Autolo-
gous periodontal ligament cells in the treatment of class III
furcation defects: a study in dogs,” Journal of Clinical Peri-
odontology, vol. 39, no. 4, pp. 377–384, 2012.

[42] J. Nuñez, S. Sanz-Blasco, F. Vignoletti et al., “Periodontal
regeneration following implantation of cementum and peri-
odontal ligament-derived cells,” Journal of Periodontal
Research, vol. 47, no. 1, pp. 33–44, 2012.

[43] S. Portron, A. Soueidan, A.-C. Marsden et al., “Periodontal
regenerative medicine using mesenchymal stem cells and bio-
materials: a systematic review of pre-clinical studies,” Dental
Materials Journal, vol. 38, no. 6, pp. 867–883, 2019.

[44] A. Pérez-Borrego, L. Domínguez-Rodríguez, Z. T. Ilisástigui-
Ortueta, and P. Hernández-Ramírez, “Utilización de células
madre en el tratamiento de defectos óseos periodontales,”
Revista Cubana de Estomatología, vol. 46, no. 4, pp. 108–116,
2009.

[45] F. Feng, K. Akiyama, Y. Liu et al., “Utility of PDL progenitors
for in vivo tissue regeneration: a report of 3 cases,” Oral Dis-
eases, vol. 16, no. 1, pp. 20–28, 2010.

[46] F. Carini, G. B. Menchini Fabris, E. Biagi, A. Salvade',
L. Sbordone, and M. G. Baldoni, “Estudio experimental sobre
la utilización de células madre humanas en la terapia de los

10 Stem Cells International



defectos periodontales: resultados preliminares,” Avances en
Periodoncia e Implantología Oral, vol. 23, no. 2, pp. 97–107,
2011.

[47] F. Ferrarotti, F. Romano, M. N. Gamba et al., “Human intrab-
ony defect regeneration with micrografts containing dental
pulp stem cells: a randomized controlled clinical trial,” Journal
of Clinical Periodontology, vol. 45, no. 7, pp. 841–850, 2018.

[48] C. Raggi and A. C. Berardi, “Mesenchymal stem cells, aging
and regenerative medicine,” Muscles Ligaments Tendons J,
vol. 2, no. 3, pp. 239–242, 2012.

[49] D. Goodarzi Pour, E. Romoozi, and Y. Soleimani Shayesteh,
“Accuracy of cone beam computed tomography for detection
of bone loss,” J Dent (Tehran), vol. 12, no. 7, pp. 513–523,
2015.

[50] C. Mangano, A. de Rosa, V. Desiderio et al., “The osteoblastic
differentiation of dental pulp stem cells and bone formation on
different titanium surface textures,” Biomaterials, vol. 31,
no. 13, pp. 3543–3551, 2010.

[51] H. C. Liu, L. L. E, D. S. Wang et al., “Reconstruction of alveolar
bone defects using bone morphogenetic protein 2 mediated
rabbit dental pulp stem cells seeded on nano-hydroxyapatite/-
collagen/poly(L-lactide),” Tissue Engineering Part A, vol. 17,
no. 19-20, pp. 2417–2433, 2011.

[52] M. Aimetti, F. Ferrarotti, L. Cricenti, G. M. Mariani, and
F. Romano, “Autologous dental pulp stem cells in periodontal
regeneration: a case report,” International Journal of Periodon-
tics & Restorative Dentistry, vol. 34, Supplement 3, pp. 27–33,
2014.

[53] U. K. Gursoy, E. Könönen, S. Huumonen et al., “Salivary type I
collagen degradation end-products and related matrix metal-
loproteinases in periodontitis,” Journal of Clinical Periodontol-
ogy, vol. 40, no. 1, pp. 18–25, 2013.

[54] B. Hernández-Monjaraz, E. Santiago-Osorio, E. Ledesma-
Martínez, A. Alcauter-Zavala, and V. M. Mendoza-Núñez,
“Retrieval of a periodontally compromised tooth by allogeneic
grafting of mesenchymal stem cells from dental pulp: a case
report,” The Journal of International Medical Research,
vol. 46, no. 7, pp. 2983–2993, 2018.

[55] A. Sculean, A. Stavropoulos, P. Windisch, T. Keglevich,
T. Karring, and I. Gera, “Healing of human intrabony defects
following regenerative periodontal therapy with a bovine-
derived xenograft and guided tissue regeneration,” Clinical
Oral Investigations, vol. 8, no. 2, pp. 70–74, 2004.

[56] A. Valle-Prieto and P. A. Conget, “Human mesenchymal stem
cells efficiently manage oxidative stress,” Stem Cells and Devel-
opment, vol. 19, no. 12, pp. 1885–1893, 2010.

[57] W. A. Silva, D. T. Covas, R. A. Panepucci et al., “The profile of
gene expression of human marrow mesenchymal stem cells,”
Stem Cells, vol. 21, no. 6, pp. 661–669, 2003.

[58] A. B. Salmon, V. I. Pérez, A. Bokov et al., “Lack of methionine
sulfoxide reductase A in mice increases sensitivity to oxidative
stress but does not diminish life span,” The FASEB Journal,
vol. 23, no. 10, pp. 3601–3608, 2009.

[59] F. da Costa Gonçalves, M. Grings, N. S. Nunes et al., “Antiox-
idant properties of mesenchymal stem cells against oxidative
stress in a murine model of colitis,” Biotechnology Letters,
vol. 39, no. 4, pp. 613–622, 2017.

[60] K. Kemp, K. Hares, E. Mallam, K. J. Heesom, N. Scolding, and
A. Wilkins, “Mesenchymal stem cell-secreted superoxide dis-
mutase promotes cerebellar neuronal survival,” Journal of
Neurochemistry, vol. 114, no. 6, pp. 1569–1580, 2010.

[61] I. Thesleff and P. Nieminen, “Tooth morphogenesis and cell
differentiation,” Current Opinion in Cell Biology, vol. 8, no. 6,
pp. 844–850, 1996.

[62] Y. Ohata and K. Ozono, “Bone and stem cells. The mechanism
of osteogenic differentiation from mesenchymal stem cell,”
Clinical Calcium, vol. 24, no. 4, pp. 501–508, 2014.

[63] S. J. Dangaria, Y. Ito, X. Luan, and T. G. H. Diekwisch, “Suc-
cessful periodontal ligament regeneration by periodontal pro-
genitor preseeding on natural tooth root surfaces,” Stem Cells
and Development, vol. 20, no. 10, pp. 1659–1668, 2011.

[64] J. L. Ebersole, D. R. Dawson, L. A. Morford, R. Peyyala, C. S.
Miller, and O. A. Gonzaléz, “Periodontal disease immunology:
'double indemnity' in protecting the host,” Periodontology
2000, vol. 62, no. 1, pp. 163–202, 2013.

[65] S. H. J. Mei, J. J. Haitsma, C. C. Dos Santos et al., “Mesenchy-
mal stem cells reduce inflammation while enhancing bacterial
clearance and improving survival in sepsis,” American Journal
of Respiratory and Critical Care Medicine, vol. 182, no. 8,
pp. 1047–1057, 2010.

[66] S. Pitaru, C. A. G. McCulloch, and S. A. Narayanan, “Cellular
origins and differentiation control mechanisms during peri-
odontal development and wound healing,” Journal of Peri-
odontal Research, vol. 29, no. 2, pp. 81–94, 1994.

[67] R. Teles, F. Teles, J. Frias-López, B. Paster, and A. Haffajee,
“Lessons learned and unlearned in periodontal microbiology,”
Periodontology 2000, vol. 62, no. 1, pp. 95–162, 2013.

[68] G. Hajishengallis, T. Maekawa, T. Abe, E. Hajishengallis, and
J. D. Lambris, “Complement involvement in periodontitis:
molecular mechanisms and rational therapeutic approaches,”
Advances in Experimental Medicine and Biology, vol. 865,
pp. 57–74, 2015.

[69] K. Aral, M. R. Milward, Y. Kapila, A. Berdeli, and P. R. Cooper,
“Inflammasomes and their regulation in periodontal disease: a
review,” Journal of Periodontal Research, vol. 55, no. 4,
pp. 473–487, 2020.

[70] T. W. Oates, D. T. Graves, and D. L. Cochran, “Clinical, radio-
graphic and biochemical assessment of IL-1/TNF-alpha antag-
onist inhibition of bone loss in experimental periodontitis,”
Journal of Clinical Periodontology, vol. 29, no. 2, pp. 137–
143, 2002.

[71] J. T. Marchesan, M. S. Girnary, K. Moss et al., “Role of inflam-
masomes in the pathogenesis of periodontal disease and ther-
apeutics,” Periodontology 2000, vol. 82, no. 1, pp. 93–114, 2019.

[72] K. Sonomoto, K. Yamaoka, K. Oshita et al., “Interleukin-1β
induces differentiation of human mesenchymal stem cells into
osteoblasts via the Wnt-5a/receptor tyrosine kinase-like
orphan receptor 2 pathway,” Arthritis and Rheumatism,
vol. 64, no. 10, pp. 3355–3363, 2012.

[73] W. L. Tai, Z. X. Dong, D. D. Zhang, and D. H. Wang, “Thera-
peutic effect of intravenous bone marrow-derived mesenchy-
mal stem cell transplantation on early-stage LPS-induced
acute lung injury in mice,” Journal of Southern Medical Uni-
versity, vol. 32, no. 3, pp. 283–290, 2012.

[74] N. Nowwarote, W. Sukarawan, P. Pavasant, and T. Osathanon,
“Basic fibroblast growth factor regulates REX1 expression via
IL-6 in stem cells isolated from human exfoliated deciduous
teeth,” Journal of Cellular Biochemistry, vol. 118, no. 6,
pp. 1480–1488, 2017.

[75] Z. Li, C. M. Jiang, S. An et al., “Immunomodulatory properties
of dental tissue-derived mesenchymal stem cells,” Oral Dis-
eases, vol. 20, no. 1, pp. 25–34, 2014.

11Stem Cells International



[76] Y.-H. Kang, H.-J. Lee, S.-J. Jang et al., “Immunomodulatory
properties and _in vivo_ osteogenesis of human dental stem
cells from fresh and cryopreserved dental follicles,” Differenti-
ation, vol. 90, no. 1-3, pp. 48–58, 2015.

[77] S. Aggarwal and M. F. Pittenger, “Human mesenchymal stem
cells modulate allogeneic immune cell responses,” Blood,
vol. 105, no. 4, pp. 1815–1822, 2005.

[78] A. Corcione, F. Benvenuto, E. Ferretti et al., “Human mesen-
chymal stem cells modulate B-cell functions,” Blood, vol. 107,
no. 1, pp. 367–372, 2006.

[79] K. Le Blanc and O. Ringdén, “Immunomodulation by mesen-
chymal stem cells and clinical experience,” Journal of Internal
Medicine, vol. 262, no. 5, pp. 509–525, 2007.

[80] J. Kim and P. Hematti, “Mesenchymal stem cell-educated
macrophages: a novel type of alternatively activated macro-
phages,” Experimental Hematology, vol. 37, no. 12, pp. 1445–
1453, 2009.

[81] S. R. R. Hall, K. Tsoyi, B. Ith et al., “Mesenchymal stromal cells
improve survival during sepsis in the absence of heme oxygen-
ase-1: the importance of neutrophils,” Stem Cells, vol. 31, no. 2,
pp. 397–407, 2013.

[82] D. Noël, F. Djouad, C. Bouffi, D. Mrugala, and C. Jorgensen,
“Multipotent mesenchymal stromal cells and immune toler-
ance,” Leukemia & Lymphoma, vol. 48, no. 7, pp. 1283–1289,
2009.

[83] K. Le Blanc, I. Rasmusson, B. Sundberg et al., “Treatment of
severe acute graft-versus-host disease with third party haploi-
dentical mesenchymal stem cells,” Lancet, vol. 363, no. 9419,
pp. 1439–1441, 2004.

[84] S. Beyth, Z. Borovsky, D. Mevorach et al., “Human mesenchy-
mal stem cells alter antigen-presenting cell maturation and
induce T-cell unresponsiveness,” Blood, vol. 105, no. 5,
pp. 2214–2219, 2005.

[85] W. Zhang, W. Ge, C. Li et al., “Effects of mesenchymal stem
cells on differentiation, maturation, and function of human
monocyte-derived dendritic cells,” Stem Cells and Develop-
ment, vol. 13, no. 3, pp. 263–271, 2004.

[86] B. Zhang, R. Liu, D. Shi et al., “Mesenchymal stem cells induce
mature dendritic cells into a novel Jagged-2 dependent regula-
tory dendritic cell population,” Blood, vol. 113, no. 1, pp. 46–
57, 2009.

[87] A. Graziano, R. D’Aquino, G. Laino et al., “Human CD34+
stem cells produce bone nodules in vivo,” Cell Proliferation,
vol. 41, no. 1, pp. 1–11, 2008.

[88] P. Batten, P. Sarathchandra, J. W. Antoniw et al., “Human
mesenchymal stem cells induce T cell anergy and downregu-
late T cell allo-responses via the TH2 pathway: relevance to tis-
sue engineering human heart valves,” Tissue Engineering,
vol. 12, no. 8, pp. 2263–2273, 2006.

[89] M. Krampera, A. Pasini, G. Pizzolo, L. Cosmi, S. Romagnani,
and F. Annunziato, “Regenerative and immunomodulatory
potential of mesenchymal stem cells,” Current Opinion in
Pharmacology, vol. 6, no. 4, pp. 435–441, 2006.

[90] E. Zappia, S. Casazza, E. Pedemonte et al., “Mesenchymal stem
cells ameliorate experimental autoimmune encephalomyelitis
inducing T-cell anergy,” Blood, vol. 106, no. 5, pp. 1755–
1761, 2005.

[91] M. Di Nicola, C. Carlo-Stella, M. Magni et al., “Human bone
marrow stromal cells suppress T-lymphocyte proliferation
induced by cellular or nonspecific mitogenic stimuli,” Blood,
vol. 99, no. 10, pp. 3838–3843, 2002.

[92] J. M. Ryan, F. P. Barry, J. M. Murphy, and B. P. Mahon, “Mes-
enchymal stem cells avoid allogeneic rejection,” Journal of
Inflammation, vol. 2, no. 1, p. 8, 2005.

[93] E. M. Horwitz, P. L. Gordon,W. K. K. Koo et al., “Isolated allo-
geneic bone marrow-derived mesenchymal cells engraft and
stimulate growth in children with osteogenesis imperfecta:
implications for cell therapy of bone,” Proceedings of the
National Academy of Sciences, vol. 99, no. 13, pp. 8932–8937,
2002.

[94] W. Lin, L. Huang, Y. Li et al., “Mesenchymal stem cells and
cancer: clinical challenges and opportunities,” BioMed
Research International, vol. 2019, Article ID 2820853, 12
pages, 2019.

[95] P. Saeedi, R. Halabian, and A. A. I. Fooladi, “A revealing review
of mesenchymal stem cells therapy, clinical perspectives and
modification strategies,” Stem Cell Investigation, vol. 6, p. 34,
2019.

[96] L. von Bahr, I. Batsis, G. Moll et al., “Analysis of tissues follow-
ing mesenchymal stromal cell therapy in humans indicates
limited long-term engraftment and no ectopic tissue forma-
tion,” Stem Cells, vol. 30, no. 7, pp. 1575–1578, 2012.

12 Stem Cells International


	Dental Pulp Mesenchymal Stem Cells as a Treatment for Periodontal Disease in Older Adults
	1. Introduction
	2. Materials and Methods
	2.1. Experimental Design
	2.2. Cell Culture
	2.3. Treatment
	2.4. Statistical Analysis

	3. Results
	3.1. General
	3.2. Effect of DPMSCs on Clinical Parameters
	3.3. Effect of DPMSC on Oxidative Stress Levels
	3.4. Effect of DPMSC on Levels of Proinflammatory Interleukins

	4. Discussion
	5. Conclusions
	Data Availability
	Conflicts of Interest
	Acknowledgments

