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Abstract
Objective: 

To test the hypothesis that human and canine gingival mesenchymal stem cells have similar stem cell characteristics and that low intensity 
pulsed ultrasound (LIPUS) enhances these characteristics. 

Method: 

Human and canine gingival mesenchymal cells (HGMCs and CGMCs) were isolated, expanded then each population was divided into two 
subgroups, one subgroup was treated by LIPUS for 20 minutes and the other subgroup was served as control. LIPUS was applied using an 
ultrasound device that produces spatial average temporal average intensity of 30 mW/cm2. Pulses are 1.5 MHz and pulse repetition frequency 
is 1 kHz. 24 hours later, cells were collected and evaluated by flowcytometry for stem cell markers CD11b; CD14; CD34; CD45; CD73; CD90 
and CD105. Also, cells were also cultured in regular Alpha DMEM or osteogenic media. Alkaline phostphatase, DNA and MTT analyses were 
performed.

Result: 

Flow cytometry analysis showed that control and LIPUS treated canine CGMCs were partially positive only for CD90 and negative for the rest 
of the stem cell markers. However CD90 expression was decreased (5%) by LIPUS compared to non LIPUS treated CGMCs. On the other hand, 
HGMCs showed higher CD73, CD90, and CD105 expression than CGMCs. In addition, LIPUS enhanced these stem cell markers expression in 
HGMCs. MTT was increased in HGMCs in regular or osteogenic medium, while it was increased only in CGMCs in osteogenic medium. ALP was 
significantly increased in HGMCs when cultured in osteogenic medium with or without LIPUS application. No difference between CGMCs and 
HGMCs with respect to DNA expression.

Conclusion: 

HGMCs show more multipotent potential with or without LIPUS application compared to CGMCs, especially when they were cultured in 
osteogenic medium. 
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Introduction
Research in dentofacial area has been focused on stem cell therapy 

and tissue engineering in the past few decades. Stem cell therapy and/or 
tissue engineering requires adequate number of stem cells to either treat 
defective tissue or organ or to be used to tissue engineer lost or defective 
organ. One of the challenges in either stem cell therapy and/or tissue 
engineering is the availability of stem cell resources. Gingival stem cells 
have been investigated recently as an alternative source compared to bone 
marrow mesenchymal cells in craniofacial tissue engineering [1]. Gingival 
stem cells has received a great attention in recent years compared to other 
sources of stem cells for craniofacial regeneration using cell therapy or 
tissue engineering due to its availability and no much invasiveness in its 
isolation techniques [1-5]. Previous research has shown that mechanical 
stress induces biological effects in different types of cells [6,7]. Low 
intensity pulsed ultrasound (LIPUS), a form of mechanical stress, has been 

extensively studied recently with respect of their regenerative potential in 
human craniofacial area. LIPUS has been shown to have anabolic effect 
on different types of cells including cementobalsts, periodontal ligament 
cells, gingival cells, skin fibroblasts, muscle cells, chondrocytes, synovial 
cells, periosteal cells, bone marrow stem cells and human umbilical cord-
derived mesenchymal stem cells [2-4,8-22]. Up till now, there is no report 
on the effect of ultrasound on Beagle dog’s gingival stem cell. Translational 
research assumes that experiment outcomes in animals are reflected in 
human when similar treatment modality is experienced with human 
patients. In reality, there are many differences in treatment responses  
between animals and in human. Therefore, it is not usually expected 
that a positive treatment outcome in animals would produce similar 
effect in human. For this particular reason. The aim of this study was 
to compare the effect of LIPUS on canine (Beagle dogs) and human 
gingival stem cells.
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Materials and Methods
Beagle dogs and human gingival cells

Gingival mesenchymal stem cells were isolated from 7 beagle dogs 
(CGMCs) and also other 10 human patients (HGMCs). The isolation of 
CGMCs from beagle dogs’ gingiva was performed as part of a previously 
approved animal care protocol at the University of Alberta, Edmonton, 
Canada. Also, the isolation of gingival stem cells from human gingival 
tissues was performed in accordance with the approved human ethics 
protocol at the University of Alberta. The protocol of isolating gingival 
mesenchymal stem cells was previously reported [2,6]. Cells were either 
treated with MEM Alpha Medium (Alpha MEM: 450 ml, Fetal Bovine 
Serum (FBS): 50 ml, Penicillin/Streptomycin: 5 ml, HEPES: 10 mmol) 
or osteogenic medium (DMEM: 450 ml, Fetal Bovine Serum (FBS): 50 
ml, Dexamethasone: 10 nM, B-Glycerophosphate: 10 mmol, Ascorbic 
Acid: 50 mg/l, HEPES: 10 mmol, Penicillin/Streptomycin: 5 ml) and were 
treated with either LIPUS or no LIPUS. Cells were incubated at 37°C and 
5% CO2 then expanded for 10 days till P4 and media was changed every 
3-4 days. All assays were performed three times in three different wells 
for a total of 9 readings in each assay. Comparison between groups was 
performed using one-way ANOVA with Turkey’s post hoc using SPSS 
(Version 22) statistical package (SPSS, Chicago, IL, USA).

LIPUS treatment
After cell expansion, cells were seeded on 12-well plates, and, a day 

after seeding, treated by LIPUS for 20 minutes for one day. LIPUS was 
applied using a custom-made LIPUS device (SmileSonica Inc., Edmonton, 
Canada) that produces pulses of 1.5 MHz with pulse repetition frequency 
of 1 KHz and intensity of 30 mW/cm2 of the transducer surface area. 
LIPUS was applied to the cell culture plates from below and inside the 
incubator using ultrasound gel (SmileSonica Inc., Edmonton, Canada).

Cell viability
The MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide) assay was used to evaluate cell viability as previously described 
[2,21]. Briefly, 100 ml of MTT solution (dissolved in Hank’s Balanced Salt 
Solution (HBSS) at 5 mg/ml) was added into each well containing cells 
with 0.5 ml basic medium (Dulbecco’s Modified Eagle Medium (DMEM), 
100 U/ml penicillin, and 100 mg/ml streptomycin (Invitrogen, Carlsbad, 
CA, USA).

After 2 hours, the medium was replaced with 2 ml of dimethylsulfoxide 
to dissolve the formed MTT formazan crystals. Then, the absorbance was 
quantified at 570 nm and was used to evaluate cell viability [2,23].

Immunophenotyping using flow cytometry

In order to identify cell surface markers of HGMCs or CGMCs, 
FITC-labelled antibodies, namely CD11b, CD14, CD34, CD45, CD73, 
CD90 and CD105 were used to detect the presence of the corresponding 
binding sites by flow cytometry analysis [24]. CD14 and CD11b are 
prominently expressed on monocytes and macrophages, the most likely 
cells to be found in an MSC culture, CD34-R-phycoerythrin (it marks 
primitive hematopoietic progenitors and endothelial cells), CD45-
phycoerythrin (is a pan-leukocyte marker), CD73 (known as ecto 5’ 
nucleotidase and originally recognized by the MAb SH3 and SH4), CD90 
(Thy1) R-phycoerythrin and CD 105 (known as endoglin and originally 
recognized by the MAb SH2) [24] (R-PE, BD Bioscience, Mississauga, 
ON, Canada). FITC-conjugated Isotype-mouse IgGa1 and PE-conjugated 
Isotype-mouse IgGk1 served as secondary antibodies (control antibodies). 
10,000 labeled cells were acquired and analyzed using a FACS can flow 
cytometer running Cell Quest software (Becton Dickinson, Mississauga, 
ON, Canada).

ALP/DNA assays
ALP is known as a membrane bound enzyme that has the highest activity 

before the beginning of mineralization as well as a biochemical marker 
for osteogenic /osteoblast cell differentiation [2,21,22]. Cells were washed 
with HBSS and lysed with ALP buffer (0.5 M 2-amino-2-methylpropan-1-
ol and 0.1% (v/v) Triton X-100; pH 10.5). One hour after the lysis, 100 ml 
of lysed solution (in duplicate) was added to 96-well plates, and 100 ml of 2 
mg/ml ALP substrate p-nitrophenol phosphate (pNPP) (Sigma, St.Louis, 
MO) was added to lysed cells to give a final concentration of 1 mg/ml 
pNPP. The absorbance was measured at 405 nm at periodic intervals for up 
to 20 min. The ALP activity was reported in terms of the p-NPP product 
formed (p-nitrophenol; in mmol/min/ml), and normalized with the DNA 
content to obtain a specific ALP activity (ALP/DNA). The DNA content of 
the lysates was determined using CyQUANT DNA kit (Molecular Probes, 
Eugene, Oregon, USA) following the manufacturer’s instructions. DNA 
standard provided with the CyQUANT kit was used for calibration and to 
measure DNA concentrations in each group of cells. DNA was quantified 
using a fluorescence plate reader (ELx 800 Universal Plate Reader made 
by BioTek Instruments Inc. in Winooski,VT,USA) (excitation at 480 nm; 
emission at 527 nm). 

Results
Effect of LIPUS on cell viability

The effect of LIPUS on both CGMCs and HGMCs viability was assessed 
by the MTT assay. MTT absorbance in both CGMCs and HGMCs 
was statistically increased by LIPUS in osteogenic medium (P<0.005). 
However, LIPUS did not show any difference in MTT absorbance when 
CGMCs were treated with Alpha medium. In contrast, MTT absorbance 
by HGMSCs was increased significantly by LIPUS (P=0.031) (Figures 1A 
and B). HGMCs showed statistically significant higher MTT values in all 
groups compared to CGMCs (Figure 1C). 

Effect of LIPUS on cell markers expression
In contrast to HGMCs that showed similar behaviour to stem cells 

regarding percent gated labelled cells with stem cells markers (being 
+ve to CD73, CD 90, CD 105, –ve to CD11b, CD14, CD34 and CD45), 
CGMCs did not show +ve expression of CD73 or CD105. However, 
CGMSCs were similar to HGMSCs in all other markers expression. In 
CGMCs (Figures 2A and 2B), LIPUS did not affect the –ve response to 
CD11b, CD14, CD34, CD45, CD73 or CD105. However, LIPUS decreased 
mean percent gated CGMCs labelled with CD90 by 5% (P<0.05). On the 
other hand, LIPUS increased mean gated HGMCs labelled with CD73 
(P<0.005), CD90 and CD105 (P<0.001) (Figure 2 B).

Effect of LIPUS on ALP/DNA
Comparison between HGMCs and CGMCs ALP, DNA and ALP/DNA 

ratio showed significant decreased in all parameters in CGMCs compared 

Figure 1A: Comparison of MTT absorbance by CGMCs in alpha and 
osteogenic media. *** = P<0.001.
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Figure 2A: Comparison of flowcytometry of HGMCs before and after 
LIPUS application. ** = P<0.005, *** = P<0.001.

Figure 2b: Comparison of flowcytometry of CGMCs before and after 
LIPUS application.* = P<0.05.

Figure 3A: Comparison of ALP assay between CGMCs and HGMCs 
in alpha and osteogenic media, before and after LIPUS application. 
*** = P<0.001.

Figure 3B: Comparison of DNA assay between CGMCs and HGMCs 
in alpha and osteogenic media, before and after LIPUS application. 
*** = P<0.001.

Figure 3C: Comparison of ALP/DNA ratio between CGMCs and 
HGMCs in alpha and osteogenic media, before and after LIPUS 
application. *** = P<0.001.

Figure 1C: Comparison of MTT absorbance between CGMCs and 
HGMCs in alpha and osteogenic media. *** = P<0.001.

Figure 1B: Comparison of MTT absorbance by CGMCs in alpha and 
osteogenic media. *** = P<0.001.

to HGMCs (Figures 3A, 3B and 3C). LIPUS decreased ALP, and ALP/
DNA ratio in HGMCs in osteogenic medium, the difference was not 
significant (Figures 3A and 3C). Also, LIPUS did not change ALP, DNA 
concentrations in CGMCs either in alpha or osteogenic media (Figures 
3A and 3B). Although LIPUS increased ALP/DNA ratio in CGMCs, this 
increase was not statistically significant (Figure 3C).

Discussion
Although it has been hypothesized that human gingival fibroblasts 

may be used for cell therapy and tissue engineering, it would be logical to 
study the cell surface markers of these cells in order to consider them as 
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mesenchymal stem cells. Although previous report has shown that these 
cells possess some stem cell surface markers [4], these markers need to be 
studied more in order to confirm or otherwise discard classifying them as 
potential stem cells. Previous studies have shown that LIPUS has anabolic 
effects on human gingival fibroblast cells [2]. However, it is not known if 
LIPUS may or may not change these stem cell surface markers in CGMCs 
and HGMCs. Hence, it was our study aim to test the effect of LIPUS on 
HGMCs. Also, in translational research, higher animals like beagle dogs 
are considered as an ideal animal model for preclinical experiments. 
Hence, it was also important to know if CGMCs possess stem cell markers 
or not and is so, what would be the effect of LIPUS on these stem cell 
surface markers. Our study evaluated for the first time the mesenchymal 
stem cell markers in CGMCs and the effect of LIPUS application on 
these markers as well as cell viability (as evaluated by MTT) and ALP, 
DNA activities/concentration. Cell viability assay showed that LIPUS 
increased MTT absorbance in both HGMCs and CGMCs. This reflects 
that LIPUS did not show any deleterious effect on either cell types. This is 
in agreement with previous studies [2,11-15,19,26,27]. Our study showed 
that beagle dogs’ gingival mesenchymal cells lack the expression of CD73 
and CD 105. Previous position paper reported that in order to identify 
cells as mesenchymal stromal cells and have pluripotent characteristics, 
these cells must be expressing CD73, CD90 and CD105 more that 95%. 
The lack of expression of CD73, CD105 by CGMSCs suggest that CGMCs 
cells cannot be identified or considered as potential stem cells as they fail 
to have these important criteria. In addition, CGMCs expression of CD 90 
was 50% without LIPUS and 45% with LIPUS. Regardless the decreased 
CD90 expression by LIPUS in CGMCs, these cells at the current time 
may not be considered as stem cells. Also, HGMCs, although showed 
expression of CD73, CD90 and CD105, these markers expression in our 
study was lower than 95%. Although LIPUS increased CD73, CD90 and 
CD105 expression, one LIPUS application did not increase the expression 
of these markers to the 95% level that can make these cells considered as 
stem cells. Future studies may be aimed at changing LIPUS parameters in 
order to increase the expression of these markers to the 95% level. It is to be 
noted that previous study showed an anabolic effect of LIPUS on human 
gingival fibroblasts, this anabolic effect was noted mainly after 3-4 weeks 
[2]. In our study, LIPUS application was for one time only based on other 
previous studies that applied LIPUS to different cells for one application 
[14,26,27]. Future studies may evaluate these effects on longer effect on 
both types of cells. Our results also showed no effect of ALP, DNA or ALP/
DNA ratio. This is in agreement with previous studies during the first 
week of their studies [2,13]. Future studies may be conducted to evaluate 
these effects on long term basis (1,2,3 and 4 weeks) with different LIPUS 
application times (5,10,15 and 20 minutes).

Conclusion
For short term application, LIPUS enhanced cell viability of HGMCs in 

both regular and osteogenic medium, and CGMCs in osteogenic medium 
only. LIPUS showed increased in human stem cell markers of HGMSCs, 
while LIPUS decreased expression of the only positive stem cell marker of 
GMCs (CD90). CGMCs have lower osteogenic differentiation potential 
than HGMCs. 
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