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Abstract: Objective: Mesenchymal stem cells (MSCs) derived from nasal mucosa are featured by high division and
differentiation capacity, with large nuclei, obvious nucleoli and weak cytoplasmic basophily. Imaging examination,
typically CT scan, is the gold standard for the diagnosis of orbital fracture. Methods: We isolated MSCs derived from
goat nasal mucosa and built the calcification model so as to investigate the repair mechanism of nasal mucosa-
derived MSCs in orbital fracture. Expressions of osteogenic markers Runx2, OCN, OPN and BSP were detected using
western blot. Results: Nasal mucosa-derived MSCs were successfully isolated and passaged. Nestin was detected
by immunofluorescence assay in the cells of the third generation. It was further confirmed that the isolated cells
were nasal mucosa-derived MSCs. As indicated by alizarin red staining, the calcification model in nasal mucosa-
derived MSCs was successfully built. The relative expressions of Runx2 and OCN reached the highest level after
osteogenic induction for 7 d, and the expressions of OPN and BSP were also high. But at 10 d, the expressions of
all markers declined somewhat. At 14 d, the expressions of OPN and BSP reached the peak, but without significant
differences compared with those at 7 d. Conclusion: The present study suggested that the repair effect of nasal
mucosa-derived MSCs in orbital fracture is achieved by facilitating the expressions of osteogenic markers Runx2,
OCN, OPN and BSP. However, the pathways of actions are unknown and further studies are required to elucidate
the concrete mechanism.
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Introduction and nerves, are found within the orbit. There-
fore, orbital fracture may also cause damage to
these structures [10-14]. We isolated nasal
mucosa-derived MSCs from goat and built the
calcification model. We aimed to analyze the
repair mechanism of nasal mucosa-derived

MSCs in orbital fracture.

Mesenchymal stem cells (MSCs) derived from
nasal mucosa are featured by high division and
differentiation capacity, with large nuclei, obvi-
ous nucleoli and weak cytoplasmic basophily
[4, 2]. In addition to mitochondria, the cyto-
plasm also contains a small amount of rough
endoplasmic reticulum (rough ER), free ribo-
somes, Golgi apparatus, lysosomes and fatty
granules [3]. Mesenchyme is a type of color-
less, transparent liquid which possesses high
division and differentiation capacities. MSCs
are present in the connective tissues of adult
animals [4-6]. Orbit is situated in the middle of

Materials and method
Animals and cells

Goat was provided by the animal center of our
hospital. The bone marrow stem cells were pur-
chase from Cyagen Biosciences Company.

the skull towards the front and vulnerable to
fracture caused by an impact [7-9]. Orbital frac-
ture refers to the fracture or displacement of
craniofacial skeleton that forms the orbit. Many
important structures, including eyeballs, optic
nerves, extraocular muscles and other vessels

Isolation, purification and identification of na-
sal mucosa-derived MSCs and building of the
calcification model

The head of the goat was cut off and the facial
skin was disinfected with 75% ethanol. The
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facial skin was stripped under sterile condi-
tions, and the brain tissues were removed. The
nasal bone was cut open in superior direction
along bilateral nasal cavities to expose bilateral
nasal cavities and sinuses. The nasal mucosa
was removed with ophthalmic forceps and
placed in PBS. The blood was washed off the
nasal mucosa using serum-free DMEM/F12 for
3 times, with nasal mucosa placed in DMEM/
F12 containing 1% penicillin and streptomycin.
The nasal mucosa was cut into pieces and cen-
trifuged, with supernatant discarded. After
digestion with 2 mg/ml type Il collagenase, the
cells were gently blown with a straw to prepare
the cell suspension. Then the digestion was ter-
minated by adding the above-mentioned cul-
ture medium, with the collagenase removed by
centrifugation. The cell concentration was
adjusted to 1x10° cells/ml by adding the cul-
ture medium. The cells were inoculated to a
6-well plate and incubated in a humidified 5%
CO, incubator at 37°C. The suspending cells
were removed using a straw 3 days later, and
the fresh culture medium was replenished for
the first time. After that, the culture medium
was replaced once every 3 d. Cell passaging
was performed by digestion when the cells cov-
ered the bottom of the culture flask. The cells of
the third generation were inoculated to a
24-well plate for subsequent detection of nes-
tin by immunochemistry [15, 16]. The coverslip
with cells grown on it was washed with PBS
(0.01 M) for 3 times, 3 min each time. The cells
were then fixed in 4% paraformaldehyde for 15
min and washed with PBS for 3 times, 3 min
each time. Onto the coverslip 0.5% TritonX-100
was added to incubate the cells at room tem-
perature for 15 min. This was followed by wash-
ing with PBS for 3 times, 5 min each time. The
cells were further incubated with blocking
serum at room temperature for 60 min. Excess
blocking serum was removed with the filter
paper, without washing the coverslip. Diluted
primary antibodies (1:500) were added to incu-
bate the cells in the wet box at 4°C overnight.
Then the wet box was taken out and rewarming
was carried out at 37°C for 30 min. The cover-
slip was washed with PBS for 3 times, 3 min
each time. Excess liquid was removed from the
coverslip using the filter paper, and diluted
Alexa Fluor® 647- and APC-conjugated second-
ary antibodies (1:1000) were added to incubate
the cells in the wet box at 37°C for 60 min. All
procedures starting from the adding of second-
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ary antibodies were carried out in the dark. The
coverslip was washed with PBS for 3 times, 3
min each time, and DAPI was added for nuclear
stain in the dark for 15 min. Excess DAPI was
removed by washing with PBS for 4 times, 5
min each time. The liquid on the coverslip was
removed with filter paper. The coverslip was
sealed with anti-fluorescent mounting medium.
The four corners of the coverslip were sealed
with nail polish. The coverslip was observed
under the confocal laser scanning microscope.

The purified MSCs were inoculated to the 6-well
plate at the density of 1.5x10% cells/well. When
the cells grew to 95% confluence, 2 ml of osteo-
genic differentiation medium was added into
each well to incubate the cells for 2 weeks. As
a result, the calcium ions would precipitate in
the form of calcium salts, which reacted with
alizarin red to give the red color. Thus calcifica-
tion before and after induction was observed to
determine whether the calcification model was
successfully built. Two groups were set up
(group A before induction, and group B 2 weeks
after induction), with 3 replicates in each group.
The cells were first digested, added with com-
plete culture medium to adjust the cell density
to 2*10%/ml and inoculated to the 24-well plate
containing round coverslips. The cell suspen-
sion was added dropwise to the round cover-
slips so that the cells would grow on the cover-
slips for 30 min. Culture medium was replen-
ished in the culture dish and incubated in a
humidified 5% CO, incubator at 37°C for 10 h.
The coverslips were washed with PBS twice, 2
min each time, and fixed in 4% paraformalde-
hyde for 20 min, followed by washing again with
PBS for 3 times, 2 min each time, and alizarin
red staining at 37°C for 10 min. Finally the cov-
erslips were washed with double-distilled water
twice, dried and mounted [17].

Western blot detection of expressions of osteo-
genic markers Runx2, OCN, OPN and BSP

The purified MSCs were inoculated to the 6-well
plate at the density of 1.5x10% cells/well. When
the cells grew to 95% confluence, 2 ml of osteo-
genic differentiation medium was added into
each well to incubate the cells for O, 3, 7, 10
and 14 days, respectively. The culture medium
was discarded, and the cells were washed with
PBS once. For every 10° cells, 0.1 ml RIPA buf-
fer was added for cell lysis on ice with gentle
blowing using pipette tip. Then the culture dish
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was slanted gently so that the content would
flow to one side of the dish. The cells were
transferred to a 1.5 ml centrifuge tube and
oscillated violently for 30 s. Centrifugation was
then carried out at 12,000 g at 4°C for 5 min,
with supernatant discarded. Total protein was
extracted and analyzed by SDS-PAGE. The pro-
teins were transferred to the membranes, incu-
bated with primary and secondary antibodies,
and added with color development reagent.
The osteogenic markers Runx2, OCN, OPN and
BSP were detected and the variation of their
expressions was observed over time. For color
development, equal volumes of solution A and
B were combined in the tube and applied to the
upper side of the PVDF membrane to incubate
the membrane for 2 min. The PVYDF membrane
was then wrapped in the fresh-keeping film in
the dark room. Excess liquid was removed and
the gel was pressed on to the fresh-keeping
membrane. The gel was exposed for different
time depending on the fluorescence intensity.
Next the gel was immersed into the color devel-
opment reagent. Once the bands appeared, the
gel was immediately placed into the fixing solu-
tion. The gel was washed with flowing water and
dried. Finally, the gel was scanned, and the
grayscales of the target bands were analyzed
by UVP gel image processing system Lab-
WOrks4.

Co-culture of nasal mucosa-derived MSCs and
BMSCs

Non-contact co-culture utilizes the effect of
paracrine cytokines released by one type of
cells on another type of cells, without direct
contact between the two cells. With this meth-
od, the two types of cells can be easily sepa-
rated, which makes it easier for subsequent
experiment. Millicell cell culture insert (Trans-
well chamber) is permeable a cup-like device
with a permeable membrane at the bottom of
the cup (0.1-12.0 um pore polycarbonate mem-
brane insert). In the present experiment, a poly-
carbonate membrane insert was located in the
middle of the Transwell chamber (pore size 3.0
um). The Transwell system was placed into the
culture plate, with cell A inoculated to the upper
chamber and cell B to the lower chamber. The
cytokines secreted by cell B would act on cell A
through the membrane. In the meantime, cell A
created a microenvironment for the growth of
cell B [18].
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Specifically, the Transwell chamber with PET
membrane was used in combination with the
24-well plate for non-contact co-culture. The
log phase nasal mucosa-derived MSCs were
harvested and digested with 0.25% trypsin to
prepare a single-cell suspension. The cells
were counted and the cell concentration was
adjusted before inoculation to the Transwell
system. BMSCs of the third generation were
inoculated to the lower chamber at the amount
of 2x10° cells. With the upper chamber placed
into the wells, the nasal mucosa-derived MSCs
were inoculated to the chamber at the amount
of 2x105. The culture media in the upper and
lower chambers were allowed to merge so as to
establish the co-culture system. Three groups
were set up for the co-culture, and the propor-
tions of nasal mucosa-derived MSCs to BMSCs
were 1:4, 1:1 and 4:1, respectively. The cells
were added with DMEM/F12 90%+ high-quality
fetal bovine serum 10%+ penicillin and strepto-
mycin (final concentration 100 U/ml) and incu-
bated in a humidified 5% CO, incubator at 37°C
for O, 3, 7, 10 and 14 d, respectively. The opti-
cal cell proportion and co-culture duration were
determined by observing the effect on the
growth of BMSCs.

Detection of synergistic osteogenic effect of
nasal mucosa-derived MSCs and BMSCs by
ELISA and alizarin red staining

Alkaline phosphatase (ALP) activity was detect-
ed in the supernatant of co-culture by using
ELISA, and the synergistic osteogenic effect of
nasal mucosa-derived MSCs and BMSCs was
detected by alizarin red staining. After centrifu-
gation at 3000 rpm for about 20 min, the
supernatant was collected. The ALP level was
detected by sandwich ELISA. The micropore
plate was coated with purified goat anti-ALP
antibodies to prepare solid-phase antibodies.
Into the antibody-coated micropores, samples
to be detected/standards and HRP-labeled
goat anti-ALP antibodies were added succes-
sively to form the antibody-antigen-labeled anti-
body complexes. After thorough washing, TMB
substrate was added for color development. In
the presence of HRP, TMB was catalyzed to give
blue color, which finally turned to yellow in the
presence of acid. The darkness of color was
proportional to the ALP level. The absorbance
(OD) values were measured at 450 nm wave-
length using a microplate reader. The standard
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, Figure 1. Primary culture and

- passaging of nasal mucosa-

derived MSCs. A: Original-

A\ k 2 generation, day 3; B: Origin-

> / algeneration, day 7; C: First

d X generation; D: Second gener-
ation; E: Third generation.

DAPI Nestin

Figure 2. |dentification of prima-
ry nasal mucosa-derived MSCs
by immunofluorescence staining
(400x).

MTT cell proliferation assay
of nasal mucosa-derived
MSCs and BMSCs after in-
duction

MTT cell proliferation assay
is a common method for
detecting cell viability. The
succinate dehydrogenase in
the mitochondria of live cells
will reduce exogenous MTT
into water-insoluble violet
formazan crystals, which
precipitate in the cells. But
this will not occur in dead
cells. Then DMSO is added to
dissolve formazan in cells,
and the absorbance values
are measured at 540 nm
wavelength using a micro-
plate reader. Thus the num-
ber of live cells is measured
indirectly. Within a certain
range of cell number, the
amount of crystals formed is
proportional to the cell num-
ber. So far MTT assay has
been applied widely in cell
viability —detection, large-
scale screening for anti-
tumor drugs, cytotoxicity test
and radiation sensitivity test
of tumors [19].

After co-culture of BMSCs
and nasal mucosa-derived
MSCs (1:1) for 14 d, two
groups were set up for MTT
assay, namely, calcification
induction group and non- cal-
cification induction group.
Cells of two different treat-
ments were taken, and after
the cell concentration was
adjusted to 1x10° cells/ml,
they were inoculated to a
96-well plate with 100 pL per
well. Each group had 3 repli-

Merge cates. The 96-well plate was

incubated in the 5% CO,

incubator at 37°C for 24 h,

curve was plotted and the ALP level in the sam- 48 h, 72 hand 96 h, respectively. Into each well
ples was calculated. 20 yL of 5 mg/mI MTT was added, and the cells
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Figure 3. Alizarin red staining of nasal mucosa-derived MSCs (after 2 weeks

of osteogenic induction).

Figure 4. Expressions of Runx2, OCN, OPN and BSP by Western Blot detec-
tion. Note: 1. Nasal mucosa-derived MSCs; 2. Nasal mucosa-derived MSCs+
induction for 3 d; 3. Nasal mucosa-derived MSCs+ induction for 7 d; 4. Nasal
mucosa-derived MSCs+ induction for 10 d; 5. Nasal mucosa-derived MSCs+

induction for 14 d.

were incubated for 5 h. Then the incubation
was terminated, the culture medium was dis-
carded, and 150 ul DMSO was added into each
well. The plate was oscillated at low speed on a
shaker for 10 min to fully dissolve the crystals.
The absorbance values were measured at 490
nm using a microplate reader, with the setting
of zero wells (culture medium, MTT, DMSO) and
control wells (cells, dissolving medium, culture
medium, MTT, DMSO).
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stage, the cells were mostly
flat, polygonal epithelioid
cells. The cells showed cob-
blestone appearance and
nest-like distribution. As the
cells were passaged for sev-
eral generations, the epithe-
lioid cells disappeared and
the spindle-shaped nasal

y

B(200X) mucosa-derived MSCs prolif-

erated rapidly. When the
cells covered the bottom of
the flask, they were arranged
in basically uniform direction
(Figure 1). The identification
of primary nasal mucosa-
derived MSCs is shown in
Figure 2, and the staining
after 2 weeks of osteogenic
induction in Figure 3.

Results showed that nasal
mucosa-derived MSCs were
successfully isolated and
passaged. Nestin was de-
tected by immunofluores-
cence assay in the cells of
the third generation. It was
further confirmed that the
isolated cells were nasal
mucosa-derived MSCs. As
indicated by alizarin red
staining, the calcification
model in nasal mucosa-derived MSCs was suc-
cessfully built.

Western blot detection of osteogenic markers
Runx2, OCN, OPN and BSP

Total protein extraction was performed in nasal
mucosa-derived MSCs after osteogenic induc-
tion for O, 3, 7, 10 and 14 d, respectively.
Osteogenic markers Runx2, OCN, OPN and BSP
were detected by Western Blot, and the varia-
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Figure 5. Synergistic osteogenic effect of nasal mucosa-derived MSCs and BMSCs by alizarin red staining. A. Co-
culture with proportion of nasal mucosa-derived MSCs to BMSCs being 1:4; B. Co-culture with proportion of nasal
mucosa-derived MSCs to BMSCs being 1:1; C. Co-culture with proportion of nasal mucosa-derived MSCs to BMSCs

being 4:1.

tion of the expressions over time is shown in
Figure 4. The relative expressions of Runx2 and
OCN reached the highest level after osteogenic
induction for 7 d, and the expressions of OPN
and BSP were also high. But at 10 d, the expres-
sions of all markers declined somewhat. At 14
d, the expressions of OPN and BSP reached the
peak, but without significant differences com-
pared with those at 7 d.

Synergistic osteogenic effect of nasal mucosa-
derived MSCs and BMSCs

ALP activity in the supernatant of co-culture
was detected by ELISA, and synergistic osteo-
genic effect of nasal mucosa-derived MSCs
and BMSCs was detected by alizarin red stain-
ing. The results of alizarin red staining were
shown in Figure 5.

As indicated by ALP levels in the supernatant
using ELISA kit, for each proportion of cells
(1:4, 1:1, 4:1), the ALP activity increased with
longer co-culture duration. Alizarin red staining
showed that the calcification in each proportion
was improved with longer co-culture duration.
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Effect of calcification induction on the prolifer-
ation capacity of nasal mucosa-derived MSCs
and BMSCs

MTT cell proliferation assay was carried out
after co-culture of nasal mucosa-derived MSCs
and BMSCs for 14 days (1:1) for calcification
induction group and non-calcification induction
group. The effect of nasal mucosa-derived
MSCs and BMSCs on the proliferation capacity
of BMSCs was analyzed, as shown in Figure 6.

As compared with the non-calcification induc-
tion group, the calcification induction group
showed no obvious differences in the prolifera-
tion capacity of nasal mucosa-derived MSCs
and BMSCs. All cells proliferated vigorously.

Discussion

In the present study, we found the repair effect
of nasal mucosa-derived MSCs in orbital frac-
ture is achieved by facilitating the expressions
of osteogenic markers Runx2, OCN, OPN and
BSP.
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orbital fracture. After osteogenic
induction of nasal mucosa-de-
rived MSCs for 7 days, the rela-
tive expressions of Runx2 and
OCN reached the highest level,
and those of OPN and BSP were
also high. As the duration of co-
culture of nasal mucosa-derived
MSCs and BMSCs increased
(0-14 d), the ALP activity in the

24h ‘

48h | 72h | 96h ‘
!

0.3
0.2 -
0.1
0
24h

Non-calcification induction

group group

Figure 6. MTT results comparison between the two groups.

Orbital fracture is mainly diagnosed based on
trauma history, physical examinations and
imaging techniques. CT scan is considered as
the gold standard for the diagnosis of orbital
fracture, which also determines the range and
severity of orbital fracture [20-22]. Surgery is
the preferred choice for orbital fracture. Early
surgery refers to that performed within 3 weeks
after trauma, for the purposes of eliminating
and improving functional amblyopia, preventing
and correcting enophthalmus, repairing and
reconstructing orbital morphology and correct-
ing orbital malformation [23]. Mesenchymal
stem cells (MSCs) is one of the adult stem cells
which generated from the early development
stage of mesoderm. MSCs exist widely in many
tissues of human body, and play an important
role in immune regulation, reduce inflamma-
tion, and repair injury for its characteristic of
differentiation and low immunogenicity func-
tion [24]. MSCs exist in many tissues (such as
bone marrow, umbilical cord blood and umbili-
cal cord, placenta and adipose tissue), with
mesenchymal cells to a variety of series (such
as bone, cartilage and fat cells) or mesenchy-
mal differentiation matter series of cell poten-
tial, and is of the unique ability of cytokine
secretion [25]. MSCs can be isolated from bone
marrow, adipose tissue, synovium, bone, mus-
cle, lung, liver, pancreas, amniotic fluid and
umbilical cord blood at present.

In the present study, we isolated the nasal
mucosa-derived MSCs from goat and built the
calcification model so as to study the repair
mechanism of nasal mucosa-derived MSCs in
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48h ‘ 72h ‘ 96h

Calcification induction

supernatant also increased, with
enhanced calcification. Compa-
red with the non-calcification
induction group, the calcification
induction group showed no obvi-
ous differences in the prolifera-
tion capacity of nasal mucosa-
derived MSCs and BMSCs.

In conclusion, the repair effect of nasal muco-
sa-derived MSCs in orbital fracture is achieved
by facilitating the expressions of osteogenic
markers Runx2, OCN, OPN and BSP. However,
the pathways of actions are unknown and fur-
ther studies are required to elucidate the con-
crete mechanism.

Acknowledgements

This work was supported by the Shenzhen
Science and Technology Innovation Committee
Fund of China (JCYJ20140414114853649).

Disclosure of conflict of interest
None.

Address correspondence to: Feng Zhou, Depart-
ment of Ophthalmology, Puai Hospital Affiliated to
Tongji Medical College of Huazhong Science and
Technology University, Hanzhengjie 473#, Qiaokou
District, Wuhan City, Hubei Province 430000, China.
E-mail: jzf917@163.com

References

[1]  Zia UH, Lahri IA, Hussain F, Kumari M. An anal-
ysis of maxillofacial trauma patients treated
during May 2002-April 2003 at dental section,
BMC, Quetta. Pakistan Oral Dent J 2003; 23:
87-90.

[2] Manolidis S, Weeks BH, Kirby M, Scarlett M,
Hollier L. Classification and surgical manage-
ment of orbital fractures: experience with 111
orbital reconstructions. J Craniofac Surg 2002;
13: 726-37.

Am J Transl Res 2018;10(6):1722-1729



(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

[13]

[14]

1729

MSC and NM

Al Ahmed HE, Jaber MA, Abu Fanas SH, Karas
M. The pattern of maxillofacial fractures in
Sharjah, United Arab Emirates: a review of 230
cases. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 2004; 98: 166-170.
Schaftenaar E, Bastiaens GJ, Simon EN, Merkx
MA. Presentation and management of maxil-
lofacial trauma in Dar es Salaam, Tanzania.
East Afr Med J 2009; 86: 254-258.

Kieser J, Stephenson S, Liston PN, Tong DC,
Langley JD. Serious facial fractures in New
Zealand from 1979 to 1998. Int J Oral
Maxillofac Surg 2002; 31: 206-209.

Gassner R, Tuli T, Hachl O, Rudisch A, Uimer H.
Cranio-maxillofacial trauma: a 10 year review
of 9543 cases with 21067 injuries. J
Craniomaxillofac Surg 2003; 31: 51-61.
Laskin DM, Best AM. Current trends in the
treatment of maxillofacial injuries in the United
States. J Oral Maxillofac Surg 2000; 58: 207-
215.

Motamedi MH. An assessment of maxillo facial
fractures: a 5-year study of 237 patients. J Oral
Maxillofac Surg 2003; 61: 61.

Laski R, Ziccardi VB, Broder H, Janal M. Facial
trauma: a recurrent disease? The potential
role of disease prevention. J Oral Maxillofac
Surg 2004; 62: 685-688.

Al Ahmed HE, Jaber MA, Abu Fanas SH, Karas
M. Maxillofacial fractures resulting from falls. J
Craniomaxillofac Surg 2003; 31: 278-283.
Kubilius R, Keizeris T. Epidemiology of man-
dibular fractures treated at Kaunas University
of Medicine Hospital, Lithuania. Stomatologija
2009; 11: 73-76.

Subhashraj K, Nandakumar N, Ravindran C.
Review of maxillofacial injuries in Chennai,
India: a study of 2748 cases. Br J Oral
Maxillofac Surg 2007; 45: 637-639.

Bamjee Y, Lownie JF, Cleaton-Jones PE, Lownie
MA. Maxillofacial injuries in a group of South
Africans under 18 years of age. Br J Oral
Maxillofac Surg 1996; 34: 298-302.

Bataineh AB. Etiology and incidence of maxil-
lofacial fractures in north of Jordan. J Oral Surg
Oral Med Oral Pathol 1998; 86: 31.

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Sojot AJ, Meisami T, Sandor GK, Clokie CM.
The epidemiology of mandibular fractures
treated at the Toronto general hospital: a re-
view of 246 cases. J Can Dent Assoc 2001; 67:
640-644.

Tan WK, Lim TC. Aetiology and distribution of
mandibular fractures in the National University
Hospital, Singapore. Ann Acad Med Singapore
1999; 28: 625-629.

Aziz K, Khalil IUR. Road traffic accidents in
Peshawar. Ann King Edward Med Coll Lahore
2002; 8: 103-104.

Vetter JD, Topazian RG, Goldberg MH. Facial
fractures occurring in a medium sized metro-
politan area: recent trends. Int J Oral Maxillofac
Surg 1991; 20: 348.

Cook T. Ocular and periocular in juries from or-
bital fractures. J Am Coll Surg 2002; 195: 831.
Bakardjiev A, Pechalova P. Maxillofacial frac-
tures in Southern Bulgaria-A retrospective
study of 1706 cases. J Craniomaxillofac Surg
2007; 35: 147-150.

Cheema SA, Amin F. Incidence and causes of
maxillofacial skeletal injuries at the Mayo
Hospital in Lahore, Pakistan. Br J Oral
Maxillofac Surg 2006; 44: 232-4.

Motamedi MH. An assessment of maxillofacial
fractures: a 5-year study of 237 patients. J Oral
Maxillofac Surg 2003; 61: 61-64.

Brasileiro BF, Passeri LA. Epidemiological anal-
ysis of maxillofacial fractures in Brazil: a 5-year
prospective study. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 2006; 102: 28-34.
Shioda M, Muneta T, Tsuji K, Mizuno M, Ko-
mori K, Koga H, Sekiya |. TNFa promotes prolif-
eration of human synovial MSCs while main-
taining chondrogenic potential. PLoS One
2017; 12: e0177771.

Caplan Al. New MSC: MSCs as pericytes are
Sentinels and gatekeepers. J Orthop Res
2017; 35: 1151-1159.

Am J Transl Res 2018;10(6):1722-1729



