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Bone alkaline phosphatase and osteocalcin 
expression of rat’s  Gingival mesenchymal stem 

cells cultured in platelet‑rich fibrin for bone 
remodeling (in vitro study)
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Aristika Dinaryanti3, Eryk Hendrianto3, Wibi Riawan5, Fedik Abdul Rantam3,6

ABSTRACT

Objective: The aim of this study was to analyze the osteogenic differentiation of rat GMSCs cultured in PRF for bone remodeling. 
Materials and Methods: GMSCs were isolated from the lower gingival tissue of four healthy, 250 g, 1‑month old, male 
rats (Rattus norvegicus) cut into small fragments, cultured for 2 weeks, and subsequently passaged every 4–5 days. GMSCs 
isolated in passage 3 were characterized by CD34, CD45, CD44, CD73, CD90, and CD105 using fluorescein isothiocyanate 
immunocytochemistry (ICC) examination. GMSCs in passage 3–5 cultured in five M24 plates (N = 108; n = 6/group) for 
7, 14, and 21  days with three different mediums as follows: Control  (−) group: α‑Modified Eagle Medium; Control  (+) 
group: High‑dose glucose Dulbecco’s Modified Eagle’s Medium (DMEM‑HG) + osteogenic medium; and treatment group: 
DMEM‑HG + osteogenic medium + PRF. GMSCs were osteogenic differentiation cultured in vitro in three different mediums by 
bone alkaline phosphatase (BALP) and osteocalcin (OSC) marker using ICC monoclonal antibody. Statistical Analysis Used: The 
one‑way analysis of variance was performed (P < 0.05) based on Shapiro–Wilk and Levene’s tests (P > 0.05). Results: GMSCs 
were shown to present + CD44, +CD73, +CD90, +CD105 and − CD34, − and CD45 expression as MSCs markers. The treatment 
group showed the highest BALP expression (16.00 ± 1.732) on day 7, while OSC expression (13.67 ± 2.309) on day 21 showed 
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INTRODUCTION

Bone defect regeneration remains problematic in the 
fields of medicine and dentistry. Various efforts have 
been made to accelerate bone regeneration, one of 
them being Mesenchymal Stem Cells (MSCs). therapy 
which offers a promising solution for deep approach 
bone regeneration.[1‑3] The MSCs possess multipotent 
capabilities, paracrine and autocrine, and migration 
capacity to the tissue directly initiate healing and 
regeneration.[4‑6]

The orofacial region is a unique and rich source of 
MSCs. Those from tooth tissue and the oral cavity 
represent an interesting, emerging development 
because the progenitor cell isolation from oral 
tissues can be completed through minimally invasive 
procedures resulting in reduced infection. Oral cavity 
MSCs utilization has rarely been studied and applied, 
despite its potential in tissue regeneration. Further 
investigation is, therefore, required.[7‑9]

Gingival Mesenchymal Stem Cells  (GMSCs) can be 
obtained from hyperplastic gingiva. GMSCs have 
similar phenotypic to bone marrow stem cells (BMSCs), 
demonstrate self‑renewal capabilities, and specifically 
induce bone matrix formation in lamellar structures 
by recruiting host cells. The osteogenic ability of 
GMSCs needs to be explored for further application 
and therapy.[2,9,7,10]

To achieve optimal differentiation and proliferation, 
GMSCs require growth factors  (GFs). Platelet‑rich 
fibrin (PRF) is an easily manufactured containing 
abundant GFs. PRF consisting of abundant 
platelet‑derived GF‑β, transforming GF‑β1 (TGF‑β1), 
vascular endothelial GF (VEGF), and insulin growth 
factor (IGF‑I).[11‑14]

PRF fibrin matrix possesses flexible, elastic, and 
strong properties. It is composed of thrombin 
concentrations with equilateral bonds forming fine 
and flexible fibrin networks that support cytokines 
and cell migration. PRF provides an effective 
scaffold to facilitate osteogenic differentiation of 
GMSCs.[15,16] The aim of this study is to analyze the 
ability of osteogenic differentiation of a combination 

of GMSCs and PRF for in  vitro bone remodeling 
by bone alkaline phosphatase  (BALP) and OSC 
expression.

MATERIALS AND METHODS

Ethical clearance
This study received ethical clearance approval for animal 
subjects  (number: 289/HRECC.FODM/XII/2017) 
from the Ethics Research Committee of the Faculty 
of Dental Medicine, Universitas Airlangga Surabaya, 
East Java, Indonesia. The research was conducted at 
an experimental laboratory within the Stem Cell and 
Tissue Engineering Development Centre, Universitas 
Airlangga, Surabaya, East Java, Indonesia.

Research design
The research was fully experimental with a 
posttest‑only control group design. Sample groups 
were selected using simple random number sampling. 
The subjects consisted of male Wistar rats  (Rattus 
novegicus; n = 4), obtained from the Stem Cell Animal 
Laboratory, Universitas Airlangga, which were 
adapted to the environment over 7 days.

GMSCs were isolated from the lower gingival 
tissue of 41‑month old, healthy, male rats with a 
mean weight of 250  g using a gingivectomy. The 
research subjects were subsequently euthanized 
with 60  mg/body weight doses of ketamine and 
xylazine. Their suffering had been reduced when 
removing the GMSCs due to the administrating 
of anesthesia  ( intramuscular injection at 
0.05–0.1  ml/10  g body weight rodent anesthesia: 
ketamine, xylazine, acepromazine, and sterile 
isotonic saline; Sigma Aldrich, USA).

GMSCs were passaged every 4–5 days in accordance 
with Rantam et  al.’s MSCs culture method. 
GMSCs in passage 3–5 were cultured in five M24 
plates (Sigma‑Aldrich) (N = 108; n = 6/group) until day 
7, 14, and 21 in three different culture media (control 
negative group, control positive group, and treatment 
group). Sample size (n = 4 for GMSCs isolation; n = 36 
for PRF isolation) was based on Lemeshow’s formula 
to determine minimum sample size.

the statistically significant difference between groups (P < 0.05). Conclusion: GMSCs cultured in PRF demonstrated potential 
osteogenic differentiation ability capable of accelerating in vitro bone remodeling by enhancing BALP and OSC expression.

Key words: Bone alkaline phosphatase, gingival mesenchymal stem cells, osteocalcin, osteogenic differentiation, 
platelet‑rich fibrin
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Gingival mesenchymal stem cells isolation and 
culture procedure
GMSCs isolation and culture were performed 
based on Rantam et  al.’s method.[17] The subjects 
were euthanized by an intraperitoneal injection of 
50–60 mg/BW ketamine before a gingivectomy was 
performed. The subjects’ gingiva was cut into small 
fragments and cultured for 2 weeks. The culture was 
passaged every 4–5 days. Gingival tissue was attached 
to a 15‑ml heparin tube  (Sigma Aldrich®, USA) 
previously filled with 3‑ml α‑MEM. Each gingival 
tissue was transferred to a 15‑ml sterile Durham 
bottle and diluted with 1  ×  8  ml sterile phosphate 
buffer saline (PBS) (Sigma Aldrich®, USA). Each tube 
was rinsed twice with 5 ml × PBS combined with an 
aspirate solution. The gingival tissue was placed in a 
Ficoll (Sigma Aldrich®, USA) temperature chamber in 
a separate 15‑ml tube. Furthermore, each aspirate was 
coated with Ficoll before being centrifuged (Sorvall™ 
Micro‑Ultracentrifuge, ThermoFisher, USA) at 
1600  rpm for 15  min at room temperature. Each 
sample was diluted with 1 × 15 ml PBS, the tube being 
turned 3–5 times as a means of achieving an even mix. 
Centrifugation was undertaken for 10 min at 1600 rpm 
before the supernatant, and cells suspended in 6‑ml 
CCM were removed and heated. Between 5 and 10 cm 
of the cells were removed from the tube and placed 
on the plate. They were incubated at 37°C at 5% CO2 
moisture and allowed to cell attach for 18–24 h.

Approximately 24  h later, the mediums and cells 
not attached were disposed of. 5 ml 1x PBS was then 
added before being heated in the culture, agitated 
thoroughly, and used to cover the surface area. It 
was then disposed of with 1x PBS before the washing 
process being repeated twice. Ten minutes later, 10 ml 
of fresh CCM was added to the dish before it was 
returned to the incubator. The cells were incubated at 
37°C and 5%–10% CO2 moisture with the culture being 
observed daily through an inverted microscope. The 
medium was removed and the cells rinsed with 5 ml or 
10 ml of 1 × PBS before heating every 3 days. The PBS 
was subsequently discarded and the dish filled with 
10 ml of fresh CCM. This process was continued until 
the concentration of confluent cells reached 80%–90%. 
If the cell developed in the cell plant, the latter had 
to be placed in the incubator at 5% CO2 moisture and 
37°C for 48 h before use.

Gingival mesenchymal stem cell characterization 
using immunofluorescence
GMSCs characterization using immunofluorescence 
was conducted based on the findings contained in the 

study authored by Jin et al.[18] Trypsin was added and 
centrifuged at 1600 rpm for 5 min. The pellets were 
added to 1 ml of α‑Modified Eagle Medium (α‑MEM) 
growth medium (Sigma Aldrich®, USA). GMSCs were 
cultured in a chamber slide  (BD Biosciences,  USA) 
suspended and grown in a 20‑μl special glass. The 
glass object was placed in a box containing wet 
paper, incubated at 37°C for 1 h before, and 10% 
paraformaldehyde  (Sigma‑Aldrich Co.) was used 
to fix the cells. The result was then permeabilized 
in PBS and 1% Triton X100 for 3 min. GMSCs were 
stained with anti‑CD34, anti‑CD44, anti‑CD45, 
anti‑CD73, anti‑CD90, and anti CD105 monoclonal 
antibodies (Sigma Aldrich®, USA) being added to each 
sample and then incubated at 37°C for 45 min. The 
PBS washing and drying process was repeated. At the 
next stage, an immunofluorescence examination of the 
glass object was conducted with 50% glycerin being 
added and the results observed through a fluorescent 
microscope  (Automated Fluorescence Microscope, 
BX63, Olympus®, USA).

platelet‑rich fibrin isolation
A different population of subjects was used for 
PRF isolation  (n  =  36; 36  months old; and mean 
weight  =  250  g). These male Wistar rats were 
maintained as described above. Blood was aspirated 
through the left ventricle of each subject’s heart 
after anesthesia had been administered by injection 
using a 60 mg/body weight dose of ketamine and a 
3 mg/body weight dose of xylazine (Sigma Aldrich). 
A  volume of 1.5  ml of blood was aspirated using 
a 3  ml disposable syringe and then inserted into a 
vacutainer tube without an anticoagulant before being 
centrifuged at 3000  rpm/min for 10  min  (Kubota, 
Tokyo, Japan). When the tube was removed from the 
centrifuge, three distinct layers were evident, each 
of which was divided into three sections: the lower 
consisting of red blood cells, the middle containing 
PRF, and the upper formed of acellular plasma. The 
PRF was then isolated after which the PRF was cut 
into small pieces using sterile scissors and inserted 
into each culture plate of the treatment group.[16,19,20]

Osteogenic differentiation of combination 
platelet‑rich fibrin and gingival mesenchymal stem 
cells
The analysis was conducted on three groups, 
consisting of two control groups and one experimental 
group. The GMSCs treatment group cultured in PRF 
was placed in the culture plate containing 2 mM 
L‑glutamine, 100 μg/ml sodium pyruvate, 0.2 mM 
ascorbic acid‑2 phosphate, dexamethasone 10‑7M as 
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osteogenic medium (GeneTex, AS), 10 ng/ml TGF‑β3, 
and High‑Dose glucose Dulbecco’s Modified Eagle 
Medium  (DMEM‑HG). The positive control group 
featured GMSCs placed on culture plate containing 
2 mM L‑glutamine, 100 μg/ml sodium pyruvate, 
0.2 mM ascorbic acid‑2 phosphate, dexamethasone 
10‑7M as osteogenic medium (GeneTex, AS), 10 ng/ml 
TGF‑β3, and DMEM‑HG. The negative control group 
contained GMSCs with α‑MEM. Each group cell 
medium was replaced every 3  days. Osteogenic 
differentiation of the culture cells was evaluated on 
days 7, 14, and 21.[16]

GMSCs cultured cells were coated with coverslips 
and after incubation at 37°C for 1–2  h were fixed 
using 10% formaldehyde for 15 min. The coverslips 
were then rinsed four times with PBS and dried 
for several minutes. The cells were blocked with 
PBS and  1% for 15–30  min and washed four times 
with PBS. Samples were examined by indirect 
technique using immunocytochemical staining using 
a 3.3’‑diaminobenzidine staining kit (DAB) (Pierce™ 
DAB Substrate Paint Kit 34002, Thermofisher™, 
Waltham, Massachusetts, United States), monoclonal 
antibodies  (Santa Cruz Biotechnology™, BALP 
sc271431), and osteocalcin (OSC) (anti‑OSC sc365797). 
At that point, the cell was suitable for microscopic 
analysis.[13,17,21]

BALP and OSC expression was monitored using 
a light microscope  (CX22 Binocular, Olympus) at 
200×  magnification. Every cell expressing BALP or 
OSC in one field was examined three times by a 
trio of experts  (WR, EH, and FAR) with the mean 
subsequently being calculated.

Data analysis
The data obtained was analyzed statistically using 
the one‑way analysis of variance (P < 0.05) based on a 
Shapiro–Wilk normality test and a Levene’s variance 
homogeneity test (P > 0.05) with a Statistical Package 
for the Social Sciences Software 20.0 edition (IBM™, 
Illinois, Chicago, USA).

RESULTS

In the early stages, GMSCs isolates presented 
small, round cell morphology, spindle‑shaped, 
fibroblast‑like, and attached to plate culture when 
observed with an electron microscope in the first to 
fifth passages [Figure 1]. GMSCs express positive SPCs 
markers such as positive CD44, CD73, CD90, and 
CD105 [Figure 2]. In contrast, GMSCs did not express 

hematopoietic stem cells markers that are negative to 
CD34 and CD45 [Figure 3].

The positive expression of BALP in GMSCs showed 
brown cells, BALP highly expressed in treatment 
group day 7 [Figure 4]. The positive expression of OSC 
in GMSCs showed brown cells, OSC highly expressed 
in treatment group day 21 [Figure 5].

The data obtained was normal and homogeneous 
distributed  (P  >  0.05). The highest average BALP 
expression was in the treatment group on day 7 
whereas BALP expression was found to be lowest in 
the negative control group on day 21. OSC expression 
had the highest mean value in the day 21 treatment 
group, while OSC expression was found to be lowest 
in the negative control group on day 7. There was a 
statistically significant difference between BALP and 
OSC expression in each group (P < 0.05) [Tables 1 and 2].

DISCUSSION

The highest BALP expression was found in the 
treatment group in day 7 in line with the assertion 
of Kamadjaja et  al. that MSCs have osteogenic 
differentiation capability through the increased 
expression of BALP detected by alizarin red staining.[13] 
Kuo et al. supported the view that BALP expression 
peaked on day 7 and began to decrease on day 14. 
GF such as IGF also increases BALP expression 
significantly because IGF‑bind IGF‑R1 stimulates 
osteogenic ability. PRF contained IGF has an important 
role in progenitor cells proliferation, differentiation, 
survival, and migration.[22,23]

Figure  1: Gingival mesenchymal stem cells morphology showed 
fibroblast‑like cells with spindle‑shaped and attached in culture 
plate  (red arrow). Examination by electron microscope  (CX22 
Binocular, Olympus) (×100)
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BALP is a metalloenzyme secreted by several tissues 
and expressed at the outset of tissue development. 
BALP can be observed in the cell surface as well 

as the matrix vesicles. The regulation of BALP 
expression is vital in the early stages of bone tissue 
development and formation. BALP expression is an 

Figure 2: Immunocytochemistry examination based on the immunofluorescence of GMSCs expressed cell surface marker confirmed positive 
expression (+) (red arrow). (a and b) CD44; (c and d) CD73; (e and f) CD90; (g and h) and CD105 fluorescein isothiocyanate labeled. Examination 
by electron microscope (Immunofluorescence Microscope, Olympus) (×100)
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 Figure 3:  Immunocytochemistry examination using immunofluorescence of gingival mesenchymal stem cells expressed cell surface marker of 
hematopoietic stem cells showed negative expression (−) (red arrow). (a and b) (−) CD34; (c and d) (−) CD45 fluorescein isothiocyanate‑ labeled. 
Examination by electron microscope (Immunofluorescence Microscope, Olympus) (×100)

a b c d

Figure 4: Bone alkaline phosphatase expression in gingival mesenchymal stem cells Wistar rats (Rattus novegicus); (a‑c) Alkaline phosphatase 
expression in negative control group; (d‑f) bone alkaline phosphatase expression in positive control group; and (g‑i) bone alkaline phosphatase 
expression in treatment group. Bone alkaline phosphatase expression in gingival mesenchymal stem cells was observed on day 7, 14, and 21. 
Positive bone alkaline phosphatase expression marked in brown (red arrow) examination with CX22 Binocular, Olympus (×200)
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early marker of osteogenic cell differentiation from 
day 5 to 14 and decreases while OSC increases. The 
combination of PRF and GMSCs enhances BALP 
expression because PRF contains many GFs. TGF‑β 
in PRF stimulates progenitor cell proliferation and 
differentiation with osteoblastic mitogenesis.[19,24,25] 
Yang et al. argued that PRF significantly increased 
BALP expression and mRNA levels of osteogenic 
marker that reduces adipogenic capability.[26] PRF 
stimulates β‑catenin and inhibits Dickkopf‑related 
protein 1  (DKK1). DKK is an inhibitory factor of 
GMSCs differentiation. DKK1 and β‑catenin were 

the fundamental principles of signaling pathways 
of osteogenesis and chondrogenesis differentiation 
control and regulation. BALP expression increased 
because of signaling bone morphogenic protein, 
runt‑related transcription factor 2 or core‑binding 
factor subunit alpha‑1, osterix system, and Wnt 
cascade interacting with each other. JAK/STAT3 
signaling also contributes to stimulate BALP 
expression. STAT3 plays an important role in 
the pluripotent ability of GMSCs. Cell nucleus 
translocation activates STAT3 that regulates 
pluripotent genes of progenitor cells.[27]

Table 1: Mean±standard deviation and one‑way analysis of variance test result bone alkaline phosphatase 
expression between groups
Time BALP expression One‑way ANOVA (P)

Negative control group Positive control group Treatment group
Day 7 11.33±2.517 11.33±1.528 16.00±1.732 0.00*
Day 14 7.67±2.082 9.67±1.155 10.67±1.528 0.00*
Day 21 4±1.000 9.67±1.155 9.67±1.155 0.00*
* significant p=0.03. Information: Significant at P<0.05. ANOVA: Analysis of variance, BALP: Bone alkaline phosphatase

Table 2: Mean±standard deviation and one‑way analysis of variance test result osteocalcin expression 
between groups
Time OSC expression One‑way ANOVA (P)

Negative control group Positive control group Treatment group
Day 7 3.33±1.528 8.33±1.155 10±1.000 0.00*
Day 14 7.00±1.000 9.33±0.577 12.33±3.055 0.00*
Day 21 7.00±2.646 11.00±1.000 13.67±2.309 0.00*
* significant p=0.03.Information: Significant at P<0.05. OSC: Osteocalcin, ANOVA: Analysis of variance

Figure 5: Osteocalcin expression in gingival mesenchymal stem cells Wistar rats (Rattus novegicus); (a‑c) Osteocalcin expression in negative control 
group; (d‑f) Osteocalcin expression in positive control group; and (g‑i) osteocalcin expression in the treatment group. Osteocalcin expression in 
gingival mesenchymal stem cells was observed on day 7, 14, and 21. Positive osteocalcin expression marked with brown (red arrow) examination 
with CX22 Binocular, Olympus (×200)
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The peak of increased OSC expression occurred 
on day 21 in the treatment group in accordance 
with Duan et  al. s’ identifying of an increase OSC 
expression on day 21 as analyzed by reverse 
transcription polymerase chain reaction.[28] PRF can 
promote the regeneration of hard and soft tissue, 
thus accelerating and enhancing wound healing 
quality. PRF contains TGF‑β1 that plays an important 
role in stimulating fibrosis, PDGF contributes to 
progenitor cell migration and survival, IGF prevents 
cells from premature apoptosis, and VEGF stimulates 
vasculogenesis and angiogenesis, while EGF is active 
during cell proliferation and differentiation.[19,25] PRF 
can increase the expression of protein kinase and 
osteoprotegerin in osteoblasts that can stimulate 
osteoblast proliferation indicating the potential to 
form new bone formation. PRF is also capable of 
inducing MSCs to differentiate into in vitro osteoblasts 
such as BMSCs.[28‑33]

OSC is a secreted protein dependent by Vitamin 
K which is a macromolecule that implies 1%–2% 
bone mineralization consisting of bone matrix. OSC 
has an important role to maintain calcium level 
homeostasis.[34] OSC expression is a bone‑specific 
protein synthesized by osteoblasts that can be used as 
a specific end‑stage osteogenic differentiation marker. 
Osteogenic‑differentiated cells should produce and 
secrete OSC before the mineralization process. OSC 
expression genes can be detected on day 14 during 
culture and strongly expressed during the day 14–28 
period.[35]

OSC levels and expression also can be used as predictive 
markers of bone fracture and metabolism. In early 
1990, OSC serum was identified as a marker of bone 
formation and remodeling. OSC is also associated with 
testosterone and bone maturation in males. Previous 
studies conducted on the child population have 
confirmed OSC serum to be a sensitive biochemical 
marker of skeletal development and growth.[35,36]

CONCLUSION

GMSCs cultured in PRF possess potential osteogenic 
differentiation ability capable of accelerating bone 
remodeling in vitro by increased expression of BALP 
and OSC.
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