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Background: Tissue engineering using mesenchymal stem
cells (MSCs) is a recent therapeutic modality that has several
advantages. MSCs have high proliferation potential and may
be manipulated to permit differentiation before being trans-
planted, suggesting they may be an ideal candidate for regen-
erative procedures. Precise identification of cells capable of
regenerating the periodontium is valuable because no predict-
able regeneration procedure has yet been described. The pur-
pose of this study is to determine the presence of MSCs in
human gingival connective tissue and their morphologic and
functional characteristics.

Methods: Gingival connective tissue samples were ob-
tained from five healthy students. The samples were deepithe-
lialized, leaving only connective tissue. The explants were
minced and cultured on tissue culture dishes for 3 to 4 weeks,
after which cells were characterized by flow cytometry. Differ-
entiation into osteogenic, chondrogenic, and adipogenic line-
ages was induced and evaluated by culture staining. An
immunoregulation assay was also performed.

Results: The results show that gingival tissue cells fulfill
the minimal criteria proposed by the International Society
for Cellular Therapy to be defined as MSCs. Cell characteriza-
tion was consistently positive for CD90, CD105, CD73,
CD44, and CD13 markers and negative for hematopoietic
markers CD34, CD38, CD45, and CD54. We observed differ-
entiation in positive staining of adipogenic, chondrogenic,
and osteogenic lineages. Furthermore, gingival cells showed
immunomodulative capacity.

Conclusion: Gingival connective tissue could be a reser-
voir of MSCs that could be used in regenerative procedures
based on tissue engineering. J Periodontol 2010;81:917-925.
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T
issue engineering is a contempo-
rary area of science based on the
principles of cell biology, bioengi-

neering, biomaterials, biochemistry, and
biophysics to solve clinical and surgical
problems related to tissue loss and
organs’ functional failures.1

Periodontitis is an inflammatory dis-
ease that causes pathologic alterations
in tooth supporting tissues and eventually
induces tooth loss. There is worldwide
consensus that most adults suffer from
moderate periodontitis, with up to 15%
of the population being affected by severe
forms at some stage of their lives.2,3

Periodontal regeneration has been at-
tempted through several procedures,
such as root surface conditioning, guided
tissue regeneration, growth factor appli-
cations, and bone grafts. Autologous bone
and bone marrow, and allogenic grafts,
xenografts, and a broad variety of other
synthetic materials used as bone substi-
tutes have been applied.4,5 However, lim-
ited success of these applications, along
with the morbidity generated by some of
them, has led medical science to seek al-
ternatives that use biologic mediators to
solve biologic problems.

Wound healing or the regenerative pro-
cess in a specific tissue requires a combi-
nation of fundamental events, such as
appropriate levels and sequencing of reg-
ulatory signals, the presence and number
of progenitor cells that respond to the

* Faculty of Dentistry, University of the Andes, Santiago, Chile.
† Clinical Immunology Laboratory, University of the Andes.
‡ Research Center in Periodontics and Oral Regeneration, University of the Andes.

doi: 10.1902/jop.2010.090566

J Periodontol • June 2010

917



signs, an appropriate extracellular matrix or carrier,
and adequate blood supply.1

Based on tissue engineering concepts, the regener-
ation process in a specific tissue may be manipulated
at ‡1 of the following levels: signs of regulating mole-
cules, extracellular matrix or scaffold, and at the cel-
lular level.1

Tissue engineering using mesenchymal stem cells
(MSCs) is a recent therapeutic option with several ad-
vantages. These include high-quality regeneration of
damaged tissues without forming fibrous tissue,4,6-8

minimum donor-site morbidity compared to auto-
grafts, and low risk of autoimmune rejection and dis-
ease transmission.4,6-8 Therefore, as undifferentiated
cells capable of self-renewing at a high rate of prolif-
eration, and differentiating into multiple cell lineages
including mesodermal, endodermal, and ectodermal
cells,9 MSCs represent a valuable resource for tissue
engineering.

MSCs were first identified by Friedenstein et al.10 in
1966 from bone marrow. They defined them as a pop-
ulation of postnatal stem cells hierarchically organized
with the capacity to differentiate into specialized cells
of at least one mesenchymal lineage, such as bone,11

cartilage,11 fat,11 muscle,12 or neuronal cells.13

Adult MSCs havebeen isolated from different tissues
including spleen stroma,9,14 lung,15,16 thymus,7,14 tra-
becular bone,7,15-17 cartilage,7 synovial membrane,7

fat,7,15,17,18 muscle,7,14-16,19 and skin.20 Additionally,
MSCs have been isolated from different oral tissues in-
cludingdecidual teeth,15,16 periodontal ligament,7,21-24

dental pulp,25 dental follicle,26 and dental papilla-
derived cells.27 Their participation in maintaining
and repairing those tissues has been proposed.28-30

Extensive investigation on different MSCs and their
considerable therapeutic potential has been difficult to
compare in studies’ outcomes. To address this issue,
the Mesenchymal and Tissue Stem Cell Committee
of the International Society for Cellular Therapy pro-
posed minimal criteria to define human MSCs.31 These
criteria include the following: 1) MSCs must be plastic-
adherent when maintained under standard culture con-
ditions; 2) ‡95% of the MSC population must express
CD105, CD73, and CD90, as measured by flow cytom-
etry.Additionally, thesecellsmust lackexpression (£2%
positive) of CD45, CD34, CD14, CD11b, CD79a, or
CD19 and HLA class II; 3) the cells must be able to dif-
ferentiate into osteoblasts, adipocytes, and chondro-
blasts under standard in vitro differentiating conditions.

A growing body of evidence has demonstrated that
bone marrow–derived MSCs (BM-MSCs) are non-im-
munogenic and have immunomodulatory capacities.
It has been shown that MSCs impair maturation and
function of dendritic cells and that human MSCs
inhibit in vitro human T- and B-cell proliferation, dif-
ferentiation, and chemotaxis.32 Therefore, transplan-

tation of allogenic MSCs to a host may not require
immunosuppression.

Published data have indicated that MSCs are widely
distributed in vivo.5,8,28-30,33,34 Stephens and Gen-
ever8 reviewed the similarities in the structure of oral
epithelium and skin, which are linked to similarities in
function, including defense and resistance to shear
stress or friction. In skin, the epithelial layers are pro-
duced by cell division within the stratum basale, which
is thought to contain populations of progenitor cells.
In addition Toma et al.20 isolated, expanded, and
characterized progenitor cells derived from skin.
Thus, similarities with skin in structure and cell popu-
lations would hint that similar progenitor populations
could exist in gingival connective tissue. This idea is
consistent with the oral tissues’ ability to repair with-
out scars, reflected by a minimal inflammatory re-
sponse.8 Consequently, the identification and
characterization of stem cells present in the gingiva
tissue could give valuable information about the func-
tion and regenerative potential of this tissue to be ap-
plied in regenerative therapy.

The purpose of this study is to investigate the pres-
ence of MSCs in human gingival connective tissue and
characterize them phenotypically and functionally.
We also evaluate the ability of gingival connective
tissue–derived MSCs to differentiate into osteocytes,
chondrocytes, and adipocytes. Finally, we evaluate
the immunomodulative capacity of these cells on
mitogen-stimulated peripheral blood mononuclear
cells (PBMCs).

MATERIALS AND METHODS

Gingival Tissue
The gingival connective tissue samples were obtained
in May and June, 2008 from five healthy students, two
females and three males, aged 18 to 25 years, at the
University of the Andes in Santiago, Chile, after they
provided written informed consent. Under local anes-
thesia a sample of approximately 2 · 2 · 1 mm of ker-
atinized gingival tissue was taken from the maxillary
tuberosity. The gingival samples were deepithelial-
ized with a scalpel #15, leaving only the connective
tissue. The samples were then transported to the lab-
oratory and placed in an alpha modification of Eagle’s
medium (a-MEM) with 10% qualified fetal bovine se-
rum (FBS)§ and 1% penicillin, streptomycin, and am-
photericin (a-MEM). All procedures were approved
by the Ethics Committee of the Faculty of Medicine,
University of the Andes.

Isolation and Culture of Mesenchymal Cells of
Gingival Origin
As previously described,35 the explants were placed on
tissue culture dishes containing a complete medium
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(a-MEM). Briefly, the explants were minced using
a sterile scalpel and maintained in an incubator at
37�C and humidified air (5% CO2). From days 14 to
21, cell cultures reached 80% confluence, when they
were trypsinized with trypsin 1· and subcultured.i

Immunophenotype Characterization of
Mesenchymal Cells of Gingival Origin
The immunophenotype was determined by flow cy-
tometry.¶ A total of 0.5 · 106 gingival cells at passage
three or four were incubated with specific individual
monoclonal antibodies, conjugated with fluorescein
isothiocyanate (FITC), phycoerythrin (PE), or peridi-
nin chlorophyll protein in 250 ml phosphate buffered
saline for 30 minutes in the dark at room tempera-
ture. The primary antibodies used were CD13,#

CD90,** CD73,†† CD45,‡‡ CD34,§§ CD38,ii CD105,¶¶

CD54,## and CD44.*** Cells were then diluted in
4 ml phosphate buffered saline, centrifugated, and
resuspended with 600 ml phosphate buffered saline–
formaldehyde 2%. Acquisition and analysis were per-
formed with a flow cytometer††† using software.‡‡‡

Isotype controls used were immunoglobulin G (IgG)1
fluorescein isothiocyanate and IgG1 phycoerythrin
monoclonal antibodies.§§§

Osteogenic, Adipogenic, and Chondrogenic
Differentiation
Cells obtained from five different healthy students’
gingival tissue samples were independently induced
to differentiate into osteogenic, adipogenic, and chon-
drogenic lineages. Gingival cells at the fourth passage
were cultured on 24-well culture plates with specific
differentiation media containing reagents that stimu-
lated differentiation.

For osteogenic differentiation, cells were cultured
in a-MEM medium at a density of 50,000 cells per
well on 24-well culture plates. On reaching conflu-
ence, cells were cultured in media consisting of
a-MEM, 10% FBS, 1% penicillin, streptomycin, and
dexamethasone (0.1 mM),iii b-glycerophosphate
(10 mM),¶¶¶ and ascorbic acid (50 mg/ml).### The
media were renewed three times a week. To assess
the differentiation potential into osteogenic lineage,
cells were stained with alizarin red,**** which dis-
tinguishes the presence of calcified deposits in the
culture.

For adipogenic differentiation, cells were cultured in
a-MEM at a density of 30,000 cells per well on 24-well
culture plates. On reaching confluence, cells were cul-
tured in media consisting of a-MEM; 10% FBS; 1% pen-
icillin, streptomycin, and dexamethasone (1 mM)††††;
insulin (10 mg/ml)‡‡‡‡; 3-isobutyl-1-methylxanthine
(100 mg/ml)§§§§; and indomethacin (100 mM).iiii

The presence of drops of lipids was evaluated through
stains with oil red O¶¶¶¶ to determine the differentia-
tion into adipogenic lineage cells.

For chondrogenic differentiation, cells at a density
of 30,000 cells per well were cultured on 24-well cul-
ture plates. This was done with micro-masses that
were incubated for 1 hour before adding the differen-
tiation medium consisting of a-MEM; 10% FBS; 1%
penicillin, streptomycin, and dexamethasone (0.1
mM)####; transforming growth factor-b (10 ng/
ml)*****; ascorbic acid (50 mg/ml)†††††; insulin
(10 mg/ml)‡‡‡‡‡; bone morphogenetic protein-6
(0.025 mg/ml)§§§§§; and insulin-transferrin-sele-
nium-A 1·.iiiii Five microliters of ascorbic acid was
added once a day. Chondrogenic differentiation was
evaluated by stained glycosaminoglycans present in
the culture by the application of safranin O.¶¶¶¶¶

For every sample submitted to the differentiation
protocol, a control culture of gingival connective tis-
sue cells was kept in a-MEM for 4 to 5 weeks. This cul-
ture was stained with the same staining tests of the
experimental cells.

Immunoregulation Assay
The effect of gingival tissue–derived MSCs from five
healthy students’ samples on the proliferation of nor-
mal PBMCs in response to mitogen was evaluated
by flow cytometry. Briefly, 2 · 106 PBMCs isolated
from healthy individuals by Ficoll-Hypaque gradient
were marked with carboxyfluorescein succinimidyl
ester (CFSE)##### by incubation for 30 minutes at
37�C and 5% CO2 in a final concentration of 4 mM.
Then, PBMCs were cocultured for 5 days in the ab-
sence or presence of gingival-derived MSC at differ-
ent proportions (PBMC:MSC, 1:0, 1:0.2, 1:0.5, 1:1,
1:1.5, and 1:2 ratio) in a humidified atmosphere

i TrypLE Select, GIBCO, Invitrogen.
¶ Coulter Epics XL, Beckman Coulter, Gainesville, FL.
# Caltag, Invitrogen.
** BD Pharmingen, San Diego, CA.
†† BD Pharmingen.
‡‡ Immunotech, Beckman Coulter.
§§ Beckman Coulter.
ii Immunotech, Beckman Coulter.
¶¶ Caltag, Invitrogen.
## Caltag, Invitrogen.
*** Caltag, Invitrogen.
††† Coulter Epics XL, Beckman Coulter.
‡‡‡ System II Software, Beckman Coulter.
§§§ BD Pharmingen.
iii Sigma-Aldrich, St. Louis, MO.
¶¶¶ Sigma-Aldrich.
### Sigma-Aldrich.
**** Sigma-Aldrich.
†††† Sigma-Aldrich.
‡‡‡‡ Sigma-Aldrich.
§§§§ Sigma-Aldrich.
iiii Sigma-Aldrich.
¶¶¶¶ Sigma-Aldrich.
#### Sigma-Aldrich.
***** BioVision, Mountain View, CA.
††††† Sigma-Aldrich.
‡‡‡‡‡ Sigma-Aldrich.
§§§§§ BioVision.
iiiii GIBCO, 51300, Invitrogen.
¶¶¶¶¶ Sigma-Aldrich.
##### Molecular Probes, Invitrogen.
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containing 5% CO2 at 37�C in serum-free lymphocyte
medium****** with 10 mg/ml of phytohemagglutinin
(PHA).†††††† Acquisition and analysis were performed
with a flow cytometer‡‡‡‡‡‡ using software.§§§§§§

RESULTS

Characteristics of Gingival Tissue–Derived MSC
Gingival MSCs were successfully isolated by adher-
ence separation, reaching 80% confluence by 14 to
21 days. Under optic microscopy, the initial culture
showed small, rounded cells and spindle-shaped
cells. From the first passage, cultivated cells homoge-
neously showeda fibroblast-like spindle shape (Fig.1).

Immunophenotype Characterization
The in vitro cell phenotypes of gingival connective tis-
sue were similar to those reported in studies on
BM-MSC.14 The immunophenotype characterization
was evaluated from culture at the third through fifth
passages. In each of the five cultivated specimens
a positive immunostaining was consistently obtained
for gingival MSCs, including CD90, CD105, CD73,
CD44, and CD13, and negative immunostaining or
weakly positive for typical hematopoietic markers, in-
cluding CD45, CD34, CD54, and CD38 (Fig. 2).

Osteogenic Differentiation
To induce osteogenic differentiation, the cell concen-
trate obtained after centrifugation was harvested and
cultured on 24-well culture plates for 5 weeks in a dif-
ferentiation medium to which 5 ml of ascorbic acid was
added daily. At the end of this process, by staining
with alizarin red, the presence of calcium deposits
was observed, indicating osteogenic differentiation
(Fig. 3). These results strongly suggest that among

the cell populations of gingival connective tissue, pro-
genitor cells exist with the capacity of differentiating
into osteogenic cells.

Chondrogenic Differentiation
The proteoglycan production, an indicator of chon-
drogenic differentiation, was evaluated by staining
the culture with safranin O (Fig. 3). We successfully
differentiated the five samples into chondrocytes.
These results suggest that among the cell popula-
tions of gingival connective tissue, progenitor cells
exist with the capacity to differentiate into chondro-
genic cells.

Adipogenic Differentiation
To induce adipogenic differentiation, the cells were
cultured as previously described in a specific medium.
After 5 weeks of induction, the cells were stained with
oil red O to detect the presence of intracellular lipids.
After staining, intracellular microscopic drops of fat
were observed in the five samples induced to differen-
tiate (Fig. 3).

Immunoregulation Assay
To determine whether the cells obtained from gingival
tissue possess immunosuppressive capacity, equal to
the capacity described for MSCs derived from bone
marrow, fat, and dental pulp,36-39 the PBMCs were
marked with CFSE, a proliferation marker, and were
stimulated with a mitogenic agent (phytohemaggluti-
nin). PBMC cell divisions were evaluated after 5 days
and CFSE intensity was quantified by flow cytometric
analysis. The gingival tissue MSC cocultivation with

Figure 1.
A)Phase-contrast image of gingival-derivedMSCs. Morphology of the gingival cells passage0 on the third day of culture. B) Morphology of the gingival cells on
the 15th day of culture. The presence of a homogeneous fibroblast-like population was evident during the in vitro expansion (original magnification ·10).
Scale bar = 50 mm. One representative experiment is shown.

****** AIM V, GIBCO, 087-0112BK, Invitrogen.
†††††† Sigma L-9132, Sigma-Aldrich.
‡‡‡‡‡‡ Beckman Coulter.
§§§§§§ Beckman Coulter.
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Figure 2.
Analysis of gingival connective tissue cells by flow cytometry. A) Histogram from flow cytometric analysis. Passage 3 cells were analyzed by flow cytometry
after staining with fluorescein isothiocyanate (FITC) or phycoerythrin (PE) control isotype IgG (black histograms) or antibodies against indicated cell surface
proteins (green histograms). B) Expression of commonly used surface markers for MSCs (>90% positive) in contrast to hematopoietic markers (<1% of
expression). The results are representative of five independent experiments. Data results shown correspond to average – standard deviation.
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PBMC was carried out in different proportions
(PBMC:MSC,1:0, 1:0.2, 1:0.5, 1:1, 1:1.5, and 1:2 ratio).

The results showed that the gingival tissue
MSCs possess immunosuppressive capacity (Fig.
4). The gingival MSC inhibitory effect depended on
the dose, beginning with 55.3% of proliferating

cells in the absence of gingival cells, reaching up
to 7.3% of proliferating cells in the 1:1 proportion.
Nevertheless, in small PBMC to MSC ratios, such
as 1:0.2 and 1:0.5, slightly less inhibition of prolif-
eration was observed regarding the ratios 1:1.5 and
1:1.

Figure 3.
Optic microscopy. Osteogenic (A and B), chondrogenic (C and D), and adipogenic (E and F) differentiation assay. A) Control group of osteogenic
differentiation assay presents negative staining of alizarin red. B) Experimental cell group, after osteogenic differentiation protocol. Positive staining of alizarin
red is observed. C) Chondrogenic differentiation protocol. Control group showing a negative stain of safranin O. D) Culture after differentiation induced toward
chondrogenic lineage. After inducing differentiation a chondrogenic biomass was formed. E) Negative stain of oil red O in the control group. F) oil red O stain of
the cells after induction toward adipogenic differentiation. Stained drops of fat (red drops) can be observed inside the cells. The results are representative of at
least five independent experiments (original magnification x20). Scale bar = 50 mm.
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DISCUSSION

Tissue engineering isapromisingdiscipline withmany
advantages as a regenerative therapy. Accessibility
to gingival connective tissue with minimal compli-
cations for the donor makes it an excellent source
of MSCs for cell-based regenerative therapies.

In the present study we were able to isolate and ex-
pand MSCs from human gingival connective tissue,
which showed characteristics similar to those typi-
cally described for BM-MSCs.

We first isolated a cell population by its plastic-ad-
herent property, as described by Friedenstein et al.10

Our results indicate that gingival connective tissue–
derived MSCs are a CD13+, CD73+, CD90+, CD105+,
CD44+, CD45-, CD34-, CD54- and CD38- cell popu-
lation with self-renewing and differentiation capacities.

We were able to induce osteogenic, chondrogenic,
and adipogenic differentiation of gingival cells un-
der specific differentiation media, which agree with
Pittenger et al.40 and Noth et al.,17 who described
the multilineage potential of adult BM-MSCs. Our re-
sults coincide with the minimal standards accepted by
The International Society for Cellular Therapy to de-
fine human MSCs phenotypically and functionally.31

We also evaluated the gingival tissue–derived MSCs
immunomodulation capacity on mitogen-stimulated
PBMC, obtaining a dose-dependent inhibitory effect
on PBMC proliferation (Fig. 4).

Previous in vitro studies have shown that MSCs
demonstrate an immune-modulating therapeutic po-
tential. This includes a direct allogenic or mytogenic
suppression of the T-cell proliferation,36-38 suppres-
sion of the immune response by means of T cells,41

modulation of the cytokine production,42 and inhibi-
tion of the dendritic cell maturation.43,44 Our results
are in accordance with Wada et al.,45 who demon-

strated an immunosuppressive effect of periodontal
ligament and dental pulp–derived MSC on PBMC pro-
liferation.

The cellular and molecular mechanisms by which
MSCs exert their immunomodulatory effect on lym-
phocytes are unknown. T-cell proliferation has been
suppressed by cell-to-cell contact and through solu-
ble mediators, however, the underlying mechanism
suppressing T-cell proliferation requires further inves-
tigation in appropiate in vivo models.36

Studies using tissue engineering with autologous
stem cells demonstrated that it is a safe procedure, in
which the immunologic response is considerably min-
imized, thereby reducing the risk of rejection by the
host.45-49 This suggests that the administration of both
autologous and allogenic stem cells could be an appro-
priatecell-based procedure to use in tissueengineering.

The differentiation potential of these cells originat-
ing in an easy-to-obtain gingival tissue sample is pro-
jected as an alternative source of stem cells with
minimum morbidity and post-surgical donor discom-
fort. The easy access could facilitate the use of autol-
ogous tissue as a MSC source for individuals who
require stem cell–based treatment.

The results clearly demonstrate that it is possible to
isolate MSCs from the gingival connective tissue and
obtain their differentiation into osteoblasts, cartilage,
and adipose cells in the same way that has been de-
scribed by other authors regarding samples obtained
from bone marrow.17,40

CONCLUSION

This study provides the framework for our attempts to
use gingival tissue–derived MSCs as an autologous
adult stem cell population for cell-based regenerative
techniques based on tissue engineering.
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