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Abstract

Introduction: The purpose of this study was to assess the significant proliferation of dental pulp-derived stem cells in
vitro from rats with the systemic administration of immunosuppressant in subcutis. There must be a sufficient number
of stem cells for tooth regeneration. However, number of mesenchymal stem cells in the dental pulp tissue is a small.
Then, the proliferation of stem cells must be accelerated for hard tissue formation. The subcutaneous injection of the
immunosuppressant would enhance the hard tissue forming ability of dental pulp cells of rat. It was hypothesized in
this study that differentiation of stem cells into blasts would be effectively promoted by suppression of the systemic
immune response.

Materials and methods: The dental pulp cells of rats with immunosuppressant injection subcutaneously were cultured
with or without addition of the immunosuppressant in the medium containing dexamethasone for calcified nodule
formation. Ca?* by decalcification of calcified nodules were quantitatively analysed. Statistical comparisons between the
quantities of Ca2* were performed using two-way unrepeated ANOVA followed by post hoc analysis with Tukey-Kramer
test. Differences of p<0.01 were considered significant.

Results: The proliferation and differentiation of stem cells among dental pulp cells was inhibited by the presence of
immunosuppressive agents in the culture medium. However, stem cells obtained from rats after systemic
administration of an immunosuppressive agent exhibited a high ability to form calcified nodules.

Conclusions: To promote proliferation and differentiation of stem cells, systemic administration of an
immunosuppressant to individuals prior to harvesting stem cells would be recommended.
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1. Introduction

Mesenchymal stem cells (MSCs) are necessary for the regeneration of bone [1]. The components of bone are similar to
those of dentine [2]. Therefore, many basic experiments on tooth regeneration have been performed using cells
obtained from bone marrow [3]. However, in dentistry, collection of stem cells for tooth regeneration from bone marrow
by puncture should be avoided because of the marked psychological and physical burden on the patient. The pulp of a
permanent tooth being extracted for orthodontic purposes or from deciduous teeth may be useful as a cell source of
odontoblasts. Primary culture of odontoblasts was previously reported [4], but the isolation and culture of odontoblasts
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is difficult. It is important to establish a simple method for the rapid proliferation of MSCs in dental pulp and subsequent
differentiation into odontoblasts [5].

Pulp tissue or tooth germ may be used as a source of stem cells for the regeneration of teeth and other tissues [6, 7].
However, the number of stem cells contained in the tooth pulp is small [8]. Ectopic bone formation by MSCs was reportedly
observed in immunodeficient mice, whereas no ectopic bone was formed in mice with normal immune function [9].
MSCs may control immunocompetent cells, represented by T cells. It has been reported that MSCs suppress T cell proliferation
[10], whereas bone regeneration was inhibited by T cells [11]. The ability of mouse bone marrow-derived MSCs to differentiate
into osteoblasts was suppressed by T-cells [12].

It was hypothesized in this study that differentiation of stem cells into osteoblasts can be effectively promoted by
suppression of the systemic immune response. Therefore, in this in vitro study, mizoribine (MZR) was used as an
immunosuppressant. MZR, an imidazole nucleoside, selectively inhibits inosine monophosphate synthetase and
guanosine monophosphate synthetase [13]. MZR inhibits both humoral and cellular immunity by selectively blocking
the proliferation of lymphocytes [14]. The subcutaneous injection of MZR was hypothesized to improve the hard tissue-
forming ability of rat dental pulp cells (rDPCs) by systemically suppressing the immune response. Quantitative analysis
of calcified nodule formation by culturing the cells was performed to confirm the effects of MZR.

2. Material and methods

2.1. Animals

This study was performed at the Laboratory Animal Facilities at the Institute of Dental Research under the Guidelines
for Animal Experimentation of Osaka Dental University. Regarding the use and care of the animals, the Animal Welfare
Committee of Osaka Dental University approved the experimental procedures. Animal experiments in this study had
been complied with the ARRIVE guidelines and been carried out in accordance with the National Institutes of Health
guide for the care and use of Laboratory animals (NIH Publications No. 8023, revised 1978).

Six 6-week-old male Fischer 344 /N Slc rats (Japan SLC, Inc., Shizuoka, Japan) were used in this study. They were housed
in standard rat cages with free access to dry pellets and water with unrestricted movement at all times during this
experiment. In each of 3 cages, 2 of rats were respectively kept for 2 weeks.

2.2. Subcutaneous injection of MZR solution

A solution of immunosuppressant for subcutaneous injection was prepared. MZR (5-Hydroxy-1-f-D-ribofuranosyl-1H-
imidazole-4-carboxamide: FUJIFILM Wako Pure Chemical Corp., Osaka, Japan) was dissolved in ultra-pure water at 1
mg/ml. Dorsal subcutaneous injection of 1 ml of MZR was performed seven times every 2 days to 3 rats under general
anesthesia by inhalation of isoflurane (Forane®; Abbott Japan Co. Ltd., Tokyo, Japan). The other 3 rats without injection
were used as a control.

2.3. Isolation and preparation of rDPC suspension

After euthanasia by overdose of isoflurane, incisors were removed from the transected mandibular bone. After being
soaked in povidone iodine solution (Povidone-lodine Solution 10%®: Meiji Seika Pharma Co., Ltd., Tokyo, Japan) for
several seconds, they were washed three times in phosphate-buffered solution without Ca2* and Mg2+ (PBS (-); FUJIFILM
Wako Pure Chemical Corp., Osaka, Japan). Dental pulp tissue in the root canal was removed using a #30 K-type file (KaVo
Dental Systems Japan Co., Ltd.). For digestion, the pulp tissue was placed in a trypsin-EDTA solution (0.25 w/v % trypsin
and 1 mmol/l1 EDTA-4Na solution; FUJIFILM Wako Pure Chemical Corp.) in a multi-well culture plate (6-well: BD
Biosciences, MA, USA) and kept in an incubator (5% COz and 95% relative humidity at 37°C) for 30 minutes. Culture
medium (MEM: Eagle’s minimal essential medium: FUJIFILM Wako Pure Chemical Corp.) containing 15% fetal bovine
serum (FBS; SAFC Biosciences, Inc., KS, USA) and antibiotics (100 U/ml of penicillin, 100 mg/ml of streptomycin and
0.25 mg/ml of amphotericin B; Sigma-Aldrich Co. LLC., MO, USA) was prepared. The dispersed rDPCs were passed
through a cell strainer (Pore size: 40 um, Corning Inc., NY, USA) and suspended in MEM in a centrifuge tube (50 ml;
CORNING Inc.). The cells were centrifuged in MEM 3 times at 120 xg for 10 minutes at 4°C. Then, rDPCs suspended in
18 ml of MEM were divided into 6 aliquots of 3 ml each and poured into culture flasks (T-25; CORNING Inc.) for primary
culture. They were kept in an incubator in 5% CO2z and 95% relative humidity at 37°C for the primary culture. MEM was
exchanged 3 times per a week. Confluent rDPCs after 7 weeks in T-25 were released from the bottom of well using a
0.05% w/v trypsin and 0.53 mmol/l EDTA-4Na solution (FUJIFILM Wako Pure Chemical Corp.), and collected in
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centrifuge tubes after trypsinization. The harvested rDPCs were washed by centrifugation at 120 xg for 5 minutes at
4°C and re-suspended in MEM at 0.5 x 10> cells/ml.

2.4. The subculture of rDPCs for calcified nodule formation

Calcified nodule formation by cultured rDPCs from rats with and without subcutaneous injection of MZR was estimated
in multi-well culture plates (6-well culture plate; CORNING Inc.). In each well of the 6-well culture plates, 2 ml of cell
suspension containing 1 x 105 of rDPCs was poured and the cells were cultured for 11 days. To induce calcified nodule
formation by rDPCs in each well, 20 ul each of 10 nmol dexamethasone (Dex: Sigma-Aldrich Co. LLC.), 1 mmol (-
glycerophosphate (3-GP; EMD Biosciences, Inc., CA, USA) and 82 pg/ml ascorbic acid (Vc; Sigma-Aldrich Co. LLC.) was
added to the MEM. MEM was exchanged three times each week. Calcified nodule formation was confirmed under a
phase-contrast inverted microscope.

2.5. Measurement of the alkaline phosphatase activity level in rDPC culture

The buffer solution (TNE: pH 7.4) consisted of 1 mmol of 2-Amino-2-(hydroxymethyl)-1, 3-propanediol hydrochloride
(FUJIFILM Wako Pure Chemical Corp.), 0.1 mmol of ethylene-di-amine tetra-acetic acid tetra-sodium tetra-hydrate salt
(FUJIFILM Wako Pure Chemical Corp.) and 10 mmol of sodium chloride (FUJIFILM Wako Pure Chemical Corp.). All
procedures for analysis of alkaline phosphatase (ALP) activity were performed at 3 to 6°C.

Each cell layer with deposited calcified nodules in the wells was scraped after the addition of 500 pl of TNE buffer using
a cell scraper (AGC Techno Glass Co., Ltd., Shizuoka, Japan) and was collected in a 1.5-ml microtube. An additional 500 ul
of TNE buffer was poured into each well and transferred into the tube. The cells in TNE buffer solution were sonicated
(BIORUPTOR UCW-201; Tosho Denki Co., Ltd., Yokohama, Japan) for 30 seconds. For DNA measurement, 20 pl of the
supernatants was mixed with 200 pl of Hoechst 33258 (FUJIFILM Wako Pure Chemical Corp.) at 2.5 ug/ml. The amount
of DNA was measured using a fluorescence-spectrum photometer (Spectra-Max M5; Molecular Devices, Inc., CA, USA)
atan excitation wavelength of 355 nm and fluorescence emission at 460 nm. To obtain a calibration curve, salmon sperm
deoxyribonucleic acid (DNA; Life Technologies Inc., CA, USA) was diluted at 5, 10, 25, 50 and 100 pg/ml in TNE solution.
After DNA analysis, the sonicated cell suspension was centrifuged at 15,000 x g for 3 minutes. To measure ALP, 100 ul
of p-nitrophenyl phosphate (PNP: Thermo Fisher Scientific Inc.,, MA, USA) as a substrate was added to 20 pl of the
supernatant and incubated at 37°C for 30 minutes. To stop the reaction, 100 pl of sodium hydroxide at a concentration
of 0.2 mol was added. The amount of p-nitrophenol was measured using the absorbance at a wavelength of 405 nm with
Spectra-Max M5. To obtain a calibration curve, p-nitrophenol at 0.025 pmol was used as a positive control and TNE
solution was used as a negative control.

The ALP activity calculated by the ALP / DNA ratio is presented as pmol of p-nitrophenol released after 30 minutes at
37°C. The results are presented as the mean * standard error. Statistical comparisons between the mean values were
performed using two-way unrepeated ANOVA followed by post hoc analysis using the Tukey-Kramer test. Differences
of p<0.01 were considered significant.

2.6. Quantitative analysis of CaZ* from calcified nodules in rDPC culture

The amount of calcified nodules aggregated in MEM was expressed as a quantity of Ca2* after decalcification. After ALP
analysis, the samples in a 1.5-ml micro-tube were centrifuged at 15,000 x g for 10 minutes. The supernatant was
removed and the precipitate was decalcified in 500 pl of a 20% formic acid solution for 7 days.

The amount of Ca2+ in the precipitate was measured using a commercially available kit (Calcium E-test Wako®: FUJIFILM
Wako Pure Chemical Corp.). The outline of the assay is as follows: A mono-ethanolamine buffer (pH 12) and methyl
xylenol blue (MXB) as the coloring reagent were included in the kit. After centrifugation, 50 pl of the supernatant was
added to 2 ml of the buffer solution. Methyl xylenol blue binds to CaZz* under alkaline conditions and the reactant turns
blue. Then, the Caz* produced in the cell culture was measured by the absorbance at 610 nm using a fluorescence-
spectrum photometer.

The results are presented as the mean * standard error. Statistical comparisons between the quantities of Ca2+ were
performed using two-way unrepeated ANOVA followed by post hoc analysis with the Tukey-Kramer test. Differences of
p<0.01 were considered significant.
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3. Results

3.1. ALP activity of rDPCs from non-injected rats cultured with MZR

The ALP activity of rDPCs in the subculture with MZR in 6-well culture plates is shown in Figure 1. The ALP activity of
rDPCs cultured without Dex and MZR in MEM as a negative control was 0.040 = 0.006 umol/ug of DNA, which was
significantly lower than that of rDPCs cultured with Dex and MZR (p<0.01). rDPCs cultured with Dex and 5 pg, 500 ng
rDPCs cultured with Dex and 5 pg, 500 ng or 50 ng of MZR had significantly higher ALP activity values than those
cultured with Dex alone. With Dex and 50 pg of MZR, the ALP activity of rDPCs was not significantly different from the
culture with Dex but without MZR. ALP activity was significantly higher in the rDPCs cultured with Dex and MZR at 5 pg
or less.

N. S.
p<0.01
(nmol/pg DNA) p<0.01
012 - N. S. | NS p=0.01
1
p<0.01 | ’
0.06
%
0
50 ng MZR 5 pg MZR 500 ng MZR 50 ng MZR None MZR None MZR
in MEM in MEM in MEM in MEM in MEM in MEM
with Dex with Dex with Dex with Dex with Dex without Dex

Figure 1 ALP activity of cultured rDPCs from rats without subcutaneous injection of MZR

ALP activity of rDPCs cultured without Dex and MZR in MEM as a negative control was significantly lower than that of
rBMCs cultured with Dex and MZR (p<0.01). Significantly higher ALP activity was observed in the rBMC culture with

Dex and MZR at 5 pg or less (p<0.01).

3.2. ALP activity of cultured rDPCs from rats with and without MZR injection

The ALP activity of rDPCs from MRZ-injected rats was 0.054 + 0.006 umol/ul of DNA in MEM with Dex. The activity level
of those from non-injected rats was significantly higher (p<0.01). As shown in Figure 2, the ALP activity of rDPCs from
rats injected with MZR cultured with Dex was significantly lower at 0.077 + 0.009 pmol/pl of DNA than that of rDPCs
from rats without MZR injection.

(umol/pg DNA)
012 p<0.01
p<0.01 p<0.01
0.06
*
0

MRZ Inj. MRZ Inj. None Inj. None Inj.
Dex(+) Dex(-) Dex(+) Dex (-)

Figure 2 ALP activity of cultured rDPCs from rats with and without subcutaneous injection of MZR

rDPCs from MZR-injected rats had high ALP activity. The activity level of cells from non-injected rats was significantly
higher (p<0.01). In MEM with Dex, rDPCs from rats injected with MZR had significantly lower ALP activity than those
from rats without MZR injection at 0.077 = 0.009 pumol/ul DNA (p<0.01).
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3.3. Effects of MZR in culture medium on calcified nodule deposition by rDPCs from rats without MZR injection

The addition of MZR to the subculture of rDPCs from non-injected rats suppressed the hard tissue-forming effects of
Dex. As shown in Figure 3, rDPCs from non-injected rats cultured with Dex produced a significantly low amount of CaZ*
(p<0.01). The amount of CaZ* produced by rDPCs cultured with Dex alone was 4.115 * 0.942 mg/d], being the highest.
The level of Ca2* produced from nodules of rDPCs in MEM with Dex was significantly higher than that produced in cell
culture containing 5 pg, 500 ng or 50 ng of MZR with Dex.

(mg/dl)
15
p=<0.01 N. S p<0.01
10 l
5 L
0
50 pg MZR 5 ng MZR 500 ng MZR 50 ng MZR None MZR None MZR
in MEM in MEM in MEM in MEM in MEM in MEM
Dex (+) Dex (+) Dex (+) Dex (+) Dex (+) Dex (-)

Figure 3 In the culture with MZR, the amount of Ca2*from decalcified nodules formed by rDPCs from rats without
subcutaneous injection of MZR

The amount of Ca?* obtained from calcified nodules formed by rDPCs in MEM with Dex and 50 pug of MZR or without
Dex was significantly low (p<0.01). On the other hand, the amount of Ca2+ produced by rDPCs cultured with Dex was
significantly high.

3.4. Comparison of Ca2* amounts from deposited calcified nodules of rDPCs from rats with and without MZR
injection

The quantitative analysis of Ca2* revealed that many calcified nodules had been formed in the subculture of rDPCs from
the rats subcutaneously injected with MZR, as shown in Figure 4. In the culture with Dex, rDPCs from MZR-injected rats
produced 13.035 * 0.439 mg/dl of CaZ*, which was significantly high (p<0.01). The amount of CaZ* produced by rDPCs
from MZR-injected rats cultured without Dex, 6.423 * 0.187 mg/dl, was significantly higher than that produced by those
from the rats without MZR injection cultured with Dex.

(mg/dl) p<0.01 p<0.01 2<0.01
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Figure 4 Measurement of Ca* amount from calcified nodules in MEM formed by rDPCs from rats with and
without subcutaneous injection of MZR

The amount of CaZ* produced by rDPCs from rats subcutaneously injected with MZR cultured with Dex was significantly
high (p<0.01). The amount of Ca2+ was significantly higher in the culture of rDPCs from MZR-injected rats without Dex
than that in the culture of rDPCs from non-injected rats with Dex.



World Journal of Advanced Research and Reviews, 2020, 08(02), 001-009

4., Discussion

Bone formation can be induced using bone marrow cells obtained from the iliac bones of patients undergoing orthopedic
surgery. However, due to the rarity of MSCs [15], several in vitro passages may be required to increase the population
of MSCs before experimental usage or clinical application. Many rounds of subculture are necessary for the stem cells
in bone marrow to proliferate and differentiate into osteoblasts to induce subsequent hard tissue formation [16]. It was
previously reported that the number of MSCs in bone marrow cells is limited [17] and that they only account for 0.001-
0.01% of all nucleated bone marrow cells [18]. Thus, a significant number of bone marrow cells is required for tooth
regeneration. According to an in vitro study using rat bone marrow cells, the number of cells required for calcified
nodule formation in subculture is 1 x 105 cells per well in a 6-well culture plate [19]. The number of bone marrow cells
obtained from one rat femur was approximately 1.0 to 1.6 x 107 cells after primary culture in T-75 flasks for 7-10 days
in most of our previous experiments [20, 21, 22]. In the oral cavity, MSCs are present in the dental pulp [23], periodontal
ligament [24] and gingiva [25]. The number of stem cells in the dental pulp tissue is small, but dental pulp stem cells
have a higher proliferative capacity than bone marrow stem cells [23]. Although regeneration of a tooth or bone using
dental pulp-derived stem cells has been reported [26], for bone or tooth regeneration, the stem cells must be
proliferated in a large number by primary culture.

In this study, MZR was subcutaneously injected into rats to mildly suppress the systemic immune response. MZR was
developed in Japan in 1971 and has purine metabolism antagonistic activity in nucleic acid synthesis systems [27]. It
was previously demonstrated to markedly inhibit T cell proliferation and the expression of T cell surface activation
molecules [28]. MZR may not damage normal cells or nucleic acids [29]. In primary cultures of rDPCs in T-25 flasks, a
long time was needed for cells to become confluent. Thus, MZR injected subcutaneously may not affect the proliferation
of stem cells in primary culture. However, MZR had significant effects on calcified nodule formation in the subculture of
rDPCs by subcutaneous injection, suggesting that it increased the osteogenic ability of the stem cells. The addition of
MZR directly to culture medium reduced the amount of produced CaZ*. The effects of Dex and 3-GP were inhibited in an
MZR concentration-dependent manner. On the other hand, in the subculture of rDPCs from rats injected with MZR,
significantly more Ca2+ was produced with the addition of Dex and (-GP. Furthermore, in the culture without Dex,
significantly higher amounts of Ca%* were produced by rDPCs from MZR-injected rats than by those from non-injected
rats. This suggested that stem cells from rats subcutaneously injected with MZR acquired the ability to regenerate hard
tissue in the presence of 3-GP.

MSCs exhibit broad and potent immuno-regulatory effects in vitro and in vivo [30]. It was previously reported that MSCs
derived from human bone marrow suppressed the antibody-producing ability and proliferation of B cells [31].
Conversely, there were reports that MSCs can promote B cell proliferation and antibody production [32]. Although
several molecules are involved in the molecular mechanism underlying the action of MSCs to suppress immunity, their
details are unclear [33]. We focused on the involvement of MSCs in the suppression of systematical immunity [10]. Based
on these reports, we hypothesized that stem cells in rDPCs can be increased by suppressing systemic immune responses
in the experimental animals. This hypothesis was confirmed in this study.

FK506, an immunosuppressant, was reported to exhibit high osteogenic potential in vivo [34]. The results of an in vivo
study were similar to those of this in vitro study. MSCs in the dental pulp may have been stimulated systemically by MZR
as a result of subcutaneous injection. Cells stimulated by MZR should rapidly differentiate into osteoblasts after adding
Dex and B-GP in vitro. As interleukin 17 promotes osteoclast differentiation and proliferation, suppressing the activity
of Th17 cells by an immunosuppressant should lead to new bone formation [35].

The components in the culture medium to promote cell proliferation should be reconsidered. The direct effect of the
agent on rDPCs in this in vitro study was the suppression of calcified nodule formation. However, rDPCs from rats
injected with an immunosuppressant before cell harvest demonstrated significant hard tissue formation. Therefore,
systemic administration of an immunosuppressant prior to harvesting stem cells from an individual is recommended.
For such application, the amount of immunosuppressant for systemic administration must be limited and systemic
disadvantages should not be caused by its administration.

5. Conclusion

Mizoribine, an immunosuppressant, inhibits the proliferation and differentiation of stem cells. Calcified nodule
formation by rDPCs was suppressed by the addition of this immunosuppressant in vitro. On the other hand, rDPCs from
rats systemically administered this agent had high osteogenesis capability and acquired the ability to spontaneously
deposit calcium.
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To promote the proliferation and differentiation of stem cells, systemic administration of an immunosuppressant to
individuals prior to harvesting stem cells is recommended.
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