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Osteogenic differentiation and inflammatory response
of recombinant human bone morphogenetic protein-2
in human maxillary sinus membrane-derived cells
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Abstract. The aim of the present study was to investigate the
osteogenic potential of human maxillary sinus membrane
(hMSM)-derived cells, and the role of recombinant human
bone morphogenetic protein-2 (thBMP-2) in the inflam-
matory response of hMSM-derived cells and gingival
fibroblasts following sinus floor elevation procedure (SFE).
hMSM-derived cells from the samples were isolated, subcul-
tured, and analyzed using immunohistochemical staining
and flow cytometry. The hMSM-derived cells obtained from
passage 6 were used for Alizarin Red staining and quantitative
reverse transcription-quantitative PCR to observe its osteogenic
activity and inflammatory reaction upon supplementation with
rthBMP-2. The hMSM-derived cells were shown to be hetero-
geneous, as indicated by their positive expression of human
mesenchymal stem cell markers (STRO-1, high mobility
group AT-hook 2, CD44, CD105 and OCT-3/4), fibroblast
cell marker (fibroblast-specific protein 1) and epithelial cell
marker (epithelial cell adhesion molecule). Calcium nodules
were found to be more notably evident in the thBMP-2 group,
following osteogenic differentiation. The gene expression of
osteogenic markers was significantly upregulated in the cells
supplemented with rhBMP-2. Supplementation with rhBMP-2
also enhanced the expression of inflammatory markers
in hMSM-derived cells and gingival fibroblasts; however,
NF-kB and TNF-a expression was not significantly increased
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compared with the control in the hMSM-derived cells. h\MSM
contains mesenchymal stem cells (MSCs) capable of differen-
tiating into osteogenic cells. The supplementation of rhBMP-2
enhanced osteogenic differentiation and induced an inflam-
matory response which was greater in gingival fibroblasts
compared with hMSM-derived cells. In summary, the hMSM
is a potential contributor to the osteogenic process following
SFE, and the use of rhBMP-2 may increase the inflammatory
response accordingly. The gingival tissue may be responsible
for the increased inflammatory response by thBMP-2 and
postoperative complications.

Introduction

Dental implantation at the posterior maxilla can be challenging
due to insufficient subantral bone volume that is primarily
caused by alveolar ridge resorption and pneumatization of the
maxillary sinus (1). To ensure sufficient bone volume, sinus floor
elevation (SFE) is now widely utilized and has yielded clini-
cally favorable results (1). Various bone substitutes including
allograft, xenograft and alloplastic materials are used for SFE,
and their use as a scaffold for osteoconduction and vascular
ingrowth has been documented in numerous studies (2-5).
Previous studies have shown that SFE without graft material
can also provide new bone formation that would be sufficient
to support a dental implant by lifting the human maxillary
sinus membrane (hMSM) and maintaining its position (6-8).
These findings confirm the importance of secluded spaces
where blood clots can form and act as a scaffold to allow
osteoconduction and vascular ingrowth (9,10).

The residual maxillary bone, including the sinus floor and
sinus walls, provides cellular components, such that bone and
vessels can grow centripetally into grafted materials or into the
secluded spaces from the residual bone following SFE (11,12).
In addition, it is possible that the hMSM contains cells with
osteogenic potential that may act as an additional source for
new bone formation in SFE (13). Although the hMSM does not
contain osteogenic cells in the tissue, several studies confirmed
that the hMSM contains progenitor cells with a mesenchymal
lineage that can potentially differentiate into an osteogenic
lineage (14-19).
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Bone morphogenetic proteins (BMPs) are multi-functional
growth factors and members of the transforming growth
factor-p (TGF-f) superfamily (20); of these, BMP-2 modu-
lates osteoblastic differentiation through the BMP/Smad
pathway (21-23). BMP-2 binds to the BMP receptor and activates
the cytoplasmic serine/threonine kinase of the BMP receptor
(BMPR)-I. The activated BMPRs phosphorylate BMP-specific
Smad1/5/8 in the cytoplasm. Smad1/5/8 binds Smad4, and the
resultant complex is transported to the nucleus to promote
the expression of a transcription factor with a homeodomain
called DIx5. This protein domain promotes the expression of
runt-related transcription factor 2 (RUNX?2) and Osterix, both
of which are key transcription factors involved in osteoblast
differentiation (24,25). Therefore, recombinant human BMP
(rthBMP-2) among other types of BMPs have been primarily
utilized with a variety of bone graft materials to accelerate
bone regeneration (26-33). The application of thBMP-2 in
SFE has been widely assessed in preclinical and clinical
studies in which its osteoinductive and osteogenic capacities
were confirmed (34,35); however, with the increased use of
rhBMP-2, its side effects became apparent, and these include
inflammatory complications, ectopic bone formation, bone
resorption and inflammatory swelling (36,37). Inflammatory
swelling is the most common side effect following SFE with
rhBMP-2 (38). It has been suggested that the cellular compo-
nents in the hMSM and gingival tissue are involved in the
inflammatory response following rhBMP-2 treatment (36,37).
However, the effect of hBMP-2 on hMSM-derived cells has
not been investigated.

The aim of the present study was to investigate the osteo-
genic differentiation potential of hMSM-derived cells and the
effect of hBMP-2 on these cells with the aim of identifying
the cause of the inflammatory response.

Materials and methods

Subjects. hMSM samples were collected from three individuals
(1 male and 2 females, 17-33 years of age) who underwent
Le Fort I osteotomy as the orthognathic surgery between
April and October 2016, with a discarded hMSM available.
Informed consent was obtained, and all samples were
collected in accordance with relevant guidelines under and
ethically approved by the Ethics Committee at the Kyung Hee
University Dental Hospital (approval no. KHD IRB 1509-1).
Patients who neither had experienced nor were diagnosed
with sinus pathology, maxillary neoplasm, metabolic diseases,
genetic disease, nor had a history of previous sinus surgery
were selected. After the collection, the samples were suspended
in Dulbecco's PBS (DPBS; Corning, Inc.) containing 1%
penicillin-streptomycin (PS; Corning, Inc.). Samples that were
~1x1 cm in size were used for cell culture.

Histological analysis. Samples were fixed in 3.7%
paraformaldehyde pH 7.4 (cat. no. P2031; Biosesang, Inc.)
overnight at 4°C, dehydrated using a series of ethanol solutions
of increasing concentrations (50% ethanol, 70% ethanol and
100% ethanol), and embedded in paraffin. Tissue sections 4 ym
thick were incubated in Mayer's hematoxylin solution (Lillie's
Modification) for 5 minandeosin Y solution (modified alcoholic)
for 3 min at 25°C using hematoxylin and eosin (H&E) staining

kit (cat. no. ab245880; Abcam), and mouse and rabbit specific
HRP/DAB THC detection kit (cat. no. ab236466; Abcam, the
avidin-biotin-peroxidase complex (ABC) method according to
the manufacturer's protocol. Cell markers, including STRO-1
(cat. no. MAB1038-SP; 1:100; R&D Systems, Inc.), high
mobility group AT-hook 2 (HMGA-2; cat. no. 8179S; 1:400;
Cell Signaling Technology, Inc.), epithelial cell adhesion
molecule (EpCAM; cat. no. 2929S; 1:500; Cell Signaling
Technology, Inc.) and fibroblast-specific protein-1 (FSP-1;
13018S; 1:400; Cell Signaling Technology, Inc.) were used as
the primary antibodies.

Isolation and culture of hMSM cells. For the isolation of
hMSM cells, the samples were rinsed with DPBS to remove
erythrocytes. Tissues were cut into 1-2 mm pieces and digested
with 1% type I collagenase (Gibco; Thermo Fisher Scientific,
Inc.) at 37°C for 3 h in 60 mm petri dishes. Enzyme activity
was neutralized with the addition of DMEM containing
10% FBS (Corning, Inc.) and 1% PS, and the samples were
centrifuged at 196 x g at 25°C for 3 min. The pellet was
resuspended and transferred into a plate containing the culture
medium, and the cells were incubated overnight at 37°C with
5% CO, to allow adherence. Subsequently, the cell cultures
were washed with DPBS to remove residual non-adherent
tissues and erythrocytes. The morphology of hMSM cells was
observed daily using an inverted phase-contrast microscope
and the culture medium was changed every two days. When
the monolayer of adherent cells reached 70-80% confluence,
the cells were trypsinized (TrypLE™ Express; Gibco; Thermo
Fisher Scientific, Inc.), resuspended in growth medium and
subcultured.

Immunohistochemical (IHC) analysis. hMSM-derived cells
recovered from passage 6 (P6) were subcultured in 12-well
culture plates at a density of 1x10° cells/well. Cells were
fixed in 3.7% paraformaldehyde for 20-30 min at 25°C and
blocked with antibody diluent (GBI Labs, Inc.) overnight at
4°C. Subsequently, cells were incubated with anti-STRO-1
(cat. no. sc-47733; 1:100; Santa Cruz Biotechnology, Inc.),
HMGA-2 (1:400; Cell Signaling Technology, Inc.), CD44
(cat. no. sc-7297; 1:200; Santa Cruz Biotechnology, Inc.),
CDI105 (cat. no. ab169545; 1:400; Abcam), EpCAM (1:400),
FSP-1 (1:400) or CD34 (cat. no. sc-7324; 1:200; Santa Cruz
Biotechnology, Inc.) overnight at 4°C. After incubation, the
wells were washed five times with DPBS. Each sample was
incubated with secondary antibodies (cat. no. A11001; 1:1,000;
Invitrogen; Thermo Fisher Scientific, Inc.; cat. no. A11034;
1:1,000; Invitrogen; Thermo Fisher Scientific, Inc.) for 1 h
at 25°C. The cells were counterstained with DAPI. Images
were analyzed under x200 and 400 magnification fields using
light and fluorescence microscopy (IX71-F32PH; Olympus
Corporation).

Flow cytometry analysis. hMSM-derived cells obtained at
passage (P)2, P4, P6 and P8 were analyzed by flow cytometry
to assess the expression of various markers. Cultures with a
density of 1x10° cells/ml were fixed in 3.7% paraformaldehyde
for 20 min at 25°C and then blocked with antibody diluent
overnight at 4°C. The cells were then labeled with monoclonal
antibodies against STRO-1, EpCAM, HMGA?2 and FSP-1
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overnight at 4°C and washed five times with DPBS. The
secondary antibodies coupled with FITC were added, and the
cells were incubated for 1 h at 25°C in the dark. After labeling,
cells were washed and resuspended in DPBS, and analyzed
using a LSRFortessa™ X-20 flow cytometer (BD Biosciences).

Alizarin Red staining. hMSM-derived cells from P6 were
cultured in 6-well plates (3x10° cells/well) with non-osteo-
genic medium (DMEM containing 10% FBS and 1% PS),
osteogenic medium [DMEM containing 10% FBS, 1% PS,
5 uM B-glycerophosphate (Sigma-Aldrich; Merck KGaA),
0.1 mM ascorbic acid (Sigma-Aldrich; Merck KGaA) and
0.1 uM dexamethasone (Sigma-Aldrich; Merck KGaA)] or
osteogenic medium supplemented with thBMP-2 (10 ng/ml;
PeproTech Inc.). After 0, 7 and 14 days of culture, the cells
were fixed with 3.7% paraformaldehyde (cat. no. P2031;
Biosesang, Inc.) for 30 min at 25°C and rinsed with DPBS. The
cells were subsequently stained with 2% Alizarin Red solution
(cat. no. 6B7131; Sigma-Aldrich; Merck KGaA) for 20 min at
25°C, and rinsed five times with DPBS to remove non-specific
stained cells.

Reverse transcription-quantitative (RT-q)PCR for osteo-
genic activity and inflammatory reaction. To investigate the
expression of genes associated with osteogenic differentiation,
hMSM-derived cells from P6 were cultured (3x10° cells/well)
in 6-well plates for 14 days. The cells were cultured in the
osteogenic medium with or without 10 ng/ml rhBMP-2. The
markers used for RT-qPCR are presented in Table I, including
the sequences of the primers used and the expected amplicon
size. To investigate the expression of genes relevant to the
inflammatory response caused by thBMP-2, MSM-derived
cells and gingival fibroblast cells (P4) were cultured
(5x10° cells/well) for 0, 24, 48 and 72 h. The control group
was cultured in DMEM containing 10% FBS and 1% PS. The
experimental groups were cultured in DMEM containing 10%
FBS and 1% PS with 10 ng/ml rhBMP-2. Total RNA was
isolated from control and experimental cultures at defined
time intervals using a Ribospin™ RNA isolation kit (GeneAll,
Biotechnology, Co. Ltd.) according to the manufacturer's
protocol. RNA was collected in RNAse free water, and its total
quantity and quality were measured spectrophotometrically
(Nanodrop 2000/2000c¢ spectrophotometer; Thermo Fisher
Scientific, Inc.). First strand cDNA was synthesized from
total RNA using AccuPower® CycleScript RT PreMIX(dT20)
(Bioneer Corporation) according to the manufacturer's
protocol. After cDNA synthesis, gQPCR was performed using
1 ug cDNA mixed with 10 ul SYBR-Green using TOPreal™
gqPCR 2x PreMIX (Enzynomics, Co., Ltd.), with 5 uM each
of the forward and reverse primers. The PCR thermocycling
conditions were: Initial denaturation at 95°C for 15 min;
followed by 40 cycles of denaturation at 95°C for 15 sec,
annealing at primer melting temperature (Tm) for 10 sec and
extension at 72°C for 30 sec. Expression levels of the target
genes were quantified after normalization to the levels of
B-actin using the 2244 method (39).

Statistical analysis. Results are expressed as individual data or
as the mean + the standard error of the mean of at least three
repeats. Statistical analysis was performed using a Wilcoxon

Table I. Sequences of the primers used and the expected
amplicon size.

Gene Sequence, 5'-3' Size, bp
[-actin 110
Forward GTCAGGCAGCTCGTGCTCT
Reverse TCGTGCGTGACATTAAGGAG
RUNX2 189
Forward GTAGCTACTTGGGGAGGATT
Reverse AGATGGGACTGTGGTTACTG
ALP 102
Forward TCCATGTTGAGATGAGCTG
Reverse ACACACAGTGAACCGCAACT
Osteocalcin 143
Forward CGCCTGGGTCTCTTCACTAC
Reverse CTCACACTCCTCGCCCTATT
Type I collagen 105
Forward ATGACAATCTGCTCCCAAC
Reverse CAATGCTGTTCTTGCAGTGG
NF-xB 158
Forward AGATGTGGTGGAGGATTTGC
Reverse TGGGGTGGTCAAGAAGTAGTG
TNF-a 116
Forward CAAGGATGTCATTGGTGACG
Reverse CCTTGGTCTGCTTCTTCTCC
IL-1B 133
Forward TCCAGGGACAGGATATGGAG
Reverse TCTTTCAACACGCAGGACAG
IL-6 179
Forward AGGCACTGGCAGAAAACAAC
Reverse AGCTCTGGCTTGTTCCTCAC

RUNX2, runt-related transcription factor 2; ALP, alkaline phospha-
tase; NF-xB, nuclear factor-xB; TNF-a, tumor-necrosis factor-a;
IL, interleukin.

signed ranks test and a Mann-Whitney U test in SPSS
version 15.0 (SPSS, Inc.). P<0.05 was considered to indicate a
statistically significant difference.

Results

Histological findings. H&E staining allowed visualization of
the epithelial lining, lamina propria and periosteal-like lining
(Fig. 1A-C). The hMSM sections were also stained using the
ABC method, which revealed a number of cells positive for
the mesenchymal stem/stromal cell (MSC) marker (STRO-1),
fibroblast marker (FSP-1) and epithelial cell marker (EpCAM)
(Fig. 1D-F).

Morphological and IHC findings. Adherent hMSM-derived
cells were heterogeneous, consisting of epithelial-like cells
with a polygonal shape and fibroblast-like cells with a bipolar
elongated shape. As the number of cell passages increased,
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Figure 1. Tissue section of the hMSM. A general view of a stained hMSM section, showing the epithelial lining, vascularized lamina propria and
deepest periosteal-like lining. (A) An illustration of an hMSM section. (B and C) Hematoxylin & eosin staining. Scale bar, 50 and 20 ym, respectively.
Avidin-biotin-peroxidase complex staining for (D) STRO-1, (E) EpCAM, and (F) FSP-1, respectively. Scale bar, 50 ym. hMSM, human maxillary sinus

membrane; EpCAM, epithelial cell adhesion molecule.

the number of fibroblast-like cells also increased. The
hMSM-derived cells expressed MSC markers such as STRO-1,
HMGA?2,CD44 and CDI105 but they did not express the hema-
topoietic marker CD34. The epithelial cell marker EpCAM
and fibroblast marker FSP-1 were also expressed (Fig. 2).

Flow cytometry. The hMSM-derived cells expressed STRO-1,
HMGAZ2,EpCAM and FSP-1 markers in all examined passages
(P2, P4, P6 and P8). The signals for these markers increased
between P2 to P6, but decreased at P8. Cells positive for the
MSC markers (STRO-1 and HMGA?2) peaked at P6 (Fig. 3).

Osteogenic activity. Calcium nodules stained with Alizarin Red
S became more evident as the culture period increased, and were
most numerous in the hBMP-2 group (Fig. 4A and B). RT-qPCR
was performed to analyze the gene expression of the osteogenic
markers including alkaline phosphatase (ALP), RUNX2, type 1
collagen and osteocalcin following osteogenic differentiation.
The expression of the osteogenic genes was significantly higher
in the hBMP-2 groups compared with the control group (Fig. 5).
Expression of all these markers were upregulated after 7 and
14 days of culture. Apart from ALP, the expression of the markers
in the rhBMP-2 group was significantly higher after 14 days
compared with after 7 days. ALP expression in the thBMP-2
group was higher (up to 24-fold) upon measurement after 7 days
of culture compared with day 0, and subsequently significantly
decreased in both control and thBMP-2 groups.

Inflammatory reaction to rhBMP-2. As shown in Fig. 6, the gene
expression of nuclear factor-kB (NF-kB) in the hMSM-derived
cell and gingival fibroblast groups gradually increased over
time, with an 8.2-fold and 15.9-fold increase in expression after
72 h of incubation, respectively. However, the gene expression
of NF-«xB in the hMSM-derived cells did not differ significantly
compared with the control group. Tumor necrosis factor (TNF)-a
in the hMSM-derived cell group treated with thBMP-2 was

FITC DAPI Merge

STRO-1

HMGAZ

CD44

CD105

CD34

EpCAM

FSP-1

Figure 2. Immunohistochemical images of cell markers in human maxillary
sinus membrane-derived cells. The nuclei were stained with DAPI (blue).
Scale bar, 50 ym.

significantly lower compared with the control group; however,
in the gingival fibroblast group, it was significantly higher
compared with the control group. Interleukin (IL)-1p expression
peaked at 48 h with a 2.9-fold increase in expression compared
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Figure 3. Flow cytometry analysis of h(MSM-derived cells at P2, P4, P6 and P8. (A) STRO-1, (B) HMGA-2, (C) EpCAM and (D) FSP-1. The markers were used
to characterize hMSM-derived cells and to compare the expression levels according to the number of cell passages. h(MSM, human maxillary sinus membrane;
P, passage number; HMGA-2, high mobility group AT-hook 2; FSP-1, fibroblast-specific protein 1; FITC, fluorescein isothiocyanate.
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Figure 4. Alizarin Red staining for htMSM-derived cells. (A and B) Cells were cultured in CTRL, OS medium or OS medium supplemented with recombinant
human BMP-2. The control and experimental groups were evaluated for calcium production at 0, 7, and 14 days. hMSM, human maxillary sinus membrane;
CTRL, normal medium; OS, osteogenic; BMP-2, bone morphogenetic protein-2.

with the control in the hMSM-derived cells, and at 24 h with a
3.8-fold increase in gingival fibroblasts. The expression of IL-6
gene expression peaked at 72 h, with a 3-fold increase in the
hMSM-derived cells, and an 18-fold increase in gingival fibro-
blast cells. The expression of IL-1§ and IL-6 in both groups was
significantly higher compared with the control group.

Discussion

SFE has become a standard procedure to increase suban-
tral bone volume at the atrophic posterior maxilla (39-41).

Autogenous bone, allograft, xenograft and alloplastic
materials have been used as bone graft materials (2). Since
xenograft and alloplastic materials are only osteoconductive,
osteogenic and angiogenic cells and growth factors from
the residual maxillary bone serve a crucial role in osteogen-
esis (42). In addition, the presence of human (h)MSCs is also
an important factor for SFE, as hMSCs can differentiate into
osteogenic cells (43). Therefore, if the hMSM contains hMSCs,
osteogenesis is expected to occur following SFE, which is far
from the sinus floor and walls. BMP-2 modulates osteoblastic
differentiation through the BMP/Smad pathway by binding
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to the BMP receptor (21-24). Accordingly, the present study
was designed to verify if the hMSM contains a type of MSCs
that exhibits the potential to differentiate into osteogenic cells,
and if BMP-2 could enhance the osteogenic differentiation
of the hMSM derived cells. In addition, the role of BMP-2 in
eliciting an inflammatory response was investigated according
to cellular composition and tissue type, as it is possible that
the use of BMP-2 may increase postoperative complications
following SFE (44).

The isolated hMSM-derived cells showed characteristics of
epithelial-like cells and fibroblast-like cells morphologically,
indicating that the cells were heterogeneous and may contain
hMSCs (43-45). The presence of hMSCs was confirmed by
STROI1, CD44, CD105 and HMGAZ2-positive cells (46). As
STROI-positive progenitors are considered to be derived
from a perivascular niche, the MSCs could have arisen from
developing blood vessels that are abundant in the hMSM
tissue (15,47,48). In addition, the presence of fibroblasts
and epithelial cells were also confirmed by the presence
of the fibroblast marker FSP-1 and the epithelial marker
EpCAM (49,50). Interestingly, the number of cells exhibiting
the morphological characteristics of mesenchymal progenitor
cells and STROI-positive cells increased with the increasing
number of passages.

The hMSM-derived cells contained a cell population
capable of differentiating into osteogenic cells. Calcified
nodules were observed after 14 days of incubation in the
osteogenic medium, and mineralization was enhanced with

rhBMP-2 supplementation. The gene expression of osteo-
genic markers including ALP, RUNX?2, Type I collagen
and osteocalcin, were also significantly upregulated in the
presence of thBMP-2 compared with those in the control
group. These results suggest that the use of rhBMP-2 in
SFE may induce and facilitate osteogenesis initiated by the
hMSM-derived MSCs.

Several studies have suggested that the hMSM contains
a population of multipotent stem cells that may contribute
to osteogenesis. A study by Graziano efr al (13) in which
mesenchymal progenitors in the hMSM were isolated and
characterized, showed that they possessed the intrinsic
capacity to regenerate maxillary bone volume. Another study
also reported that the hMSCs isolated from the hMSM were
capable of generating bone-like tissue (15), in agreement with
the results of the present study.

Currently, thBMP-2 is widely used for bone regeneration
as an osteoinductive adjuvant; however, concerns were raised,
as postoperative complications associated with thBMP-2
have been reported (36-38,51,52). In 2008, the United States
Food and Drug Administration issued a warning regarding
the use of thBMP-2, due to the risk of cervical spine swelling
and death (36,37), and there is a study describing local reac-
tions, infections, wound complications and graft failures as
common adverse events of BMP-2 use (38). Local reactions,
such as edema, erythema and pain were the most frequently
reported events, and this suggests that inflammatory reactions
may increase with the use of thBMP-2. According to the
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Figure 6. Reverse transcription-quantitative PCR analysis for the expression of inflammatory markers after supplementation with recombinant human
BMP-2. The mRNA expression levels of NF-kB, TNF-a, IL-1f3 and IL-6 were analyzed in (A-D) hMSM-derived cells and (E-H) gingival fibroblasts. Data
were normalized to B-actin expression. “P<0.05. Error bars indicate the standard error of the mean. BMP-2, bone morphogenetic protein-2; NF-kB, nuclear
factor-kB; TNF-a, tumor necrosis factor-a; IL, interleukin; hMSM, human maxillary sinus membrane; CTRL, control.

side effects profile of BMP-2 reviewed by Nguyen et al (53),
both in vitro and in vivo preclinical studies show that BMP-2
induces inflammation, as evidenced by increased levels of the
inflammatory cytokines IL-1p, IL-6, IL-10, IL-17, IL-18 and

TNF-a (37,53,54).

In the present study, it was demonstrated that the mRNA
expression levels of IL-1f and IL-6 were significantly
upregulated by rhBMP-2 in both groups. However, expression
of TNF-a, which regulates immune cells and induces
inflammation, was significantly downregulated, and NF-kB
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expression was not significantly different compared with
the control in the hMSM-derived cells. On the contrary, the
expression of these inflammatory markers were upregulated in
the gingival fibroblast group. This result suggests that the hMSCs
may serve a role in the decreased inflammatory response.

In agreement with this result, several studies have shown
that MSCs modulate allogeneic immune cell responses, and
that MSCs serve as guardians against excessive inflammatory
responses (55-59). Aggarwal and Pittenger (55) demonstrated
that hMSCs interact with a variety of immune cells to inhibit or
limit the inflammatory response, and promote anti-inflammatory
pathways; however, it is difficult to conclude if hMSCs serve a
role in reducing inflammation, as the hMSM consists of various
cell types and their inflammatory response is not balanced with
the result.

Further studies are required to identify the mechanism
and the role of hMSCs in the thBMP-2 induced inflammatory
response. The expression of the markers and BMP-2 receptor
are required to verify these results, and various concentrations
of rhBMP-2 should be examined, as rhBMP-2 initiates a
dose-dependent inflammatory response (60). However, the
present study showed that hMSM contributes to the osteogenic
process through hMSCs, and that the use of hBMP-2 in SFE
increases the inflammatory response resulting in more acute
postoperative complications than without the use of thBMP-2 in
conventional SFE. In addition, the severity of the inflammatory
response may differ by region depending on the cellular
composition of the tissue affected.

In conclusion, the present study confirmed that hMSM
contains hMSCs that are capable of differentiating into osteo-
genic cells. Supplementation of rhBMP-2 enhances osteogenic
differentiation. In addition, rhBMP-2 induced an inflammatory
response, and the response was smaller in the hMSM-derived
cells and larger in the gingival fibroblasts. The use of thBMP-2
in SFE may increase the inflammatory response and the gingival
tissue may be responsible for the increased response and post-
operative complications. Extra precautions are required for the
clinical use of rhBMP-2.
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