Short Communication

Foal Deciduous Teeth Stem Cells Enhance Wound Healing in

Rabbit Wound Model
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Abstract

The purpose of this study was to evaluate the potential use of deciduous teeth stem cells from horses for
wound healing in animal wound model. This study assessed the efficacy and safety of foal deciduous teeth stem cells
(fDSCs) administration in rabbit excisional wound model. Deciduous teeth stem cells were harvested from horses and
full thickness excisional wound was made on rabbits by surgical removal of epidermis and dermis to the depth of
subcutaneous fat. New Zealand White rabbits (n=8) were divided into a control group (n=4) and a treatment group
(n=4). Multiple injections of fDSCs suspension were intravenously administered into the rabbits with excisional
wounds in the treatment group. Wound sizes were recorded on days 3, 5, 7, 10, 14, 21 and 28. The administration of
fDSCs enhanced wound healing in the rabbit wound model. The scar sizes were significantly smaller compared with
the control group (p<0.05). The rabbits exhibited immediate recovery with no complications. The transplantation of
fDSCs provided good choice in terms of wound regeneration and healing. Therefore, our results suggested that f{DSCs
might provide a new approach to clinical treatment of wounds in veterinary patients, especially in horses in the future.
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Introduction

Chronic wound is a common problem and
causes significant distress to patients (Samantha et al.,
2010; Sood et al., 2010; Whang et al.,, 2005). It is
incapable of healing in conventional therapy in an
orderly and timely process (Hocking, 2015).
Components for wound healing process such as
cytokines and growth factors are impaired in all types
of chronic wounds (Braund et al., 2007). Several studies
have proposed that stem cells might be the new
promising source for cellular therapies (McDonald et
al.,, 2015). It has been reported that stem cells promote
tissue regeneration by enhancing the production of
growth factors, cytokines and collagens (Fathke et al.,
2004; Kim et al., 2005; Parikka et al., 2005). Recently,
stem cells derived from dental tissue have revealed
potential for alternative device in the treatment of
musculoskeletal injuries such as bone regeneration and
skin defects (Luisa et al., 2012, Riccardo et al., 2008).
Stem cells derived from dental tissue contain several
enriched sources of stem cells such as periodontal
ligament, apical papilla and dental pulp including
dental pulp from deciduous teeth (Gronthos et al,
2000). Dental tissue stem cells provide good sources of
growth factors and cytokines that promote wound
healing conditions (Nagamura et al., 2009; Pravin et al.,
2015). Tissue repair processes can be achieved by
transplanting cells that prepare excellent factors to
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modulate inflammation and to enhance the production
of molecules that are essential for wound healing
(Irena et al., 2013). In veterinary medicine, stem cells
have been used for treatment of tendon, ligament and
joint injuries in horses and dogs (Jose et al., 2013; Konig
et al,, 2014). However, only few studies have been
conducted to investigate the therapeutic effects of
dental tissue stem cells. Therefore, this study described
the therapeutic effects of foal deciduous teeth stem
cells isolated from horses for wound healing in rabbit
excisional wound models.

Materials and Methods

Collection of foal deciduous teeth stem cells: Foal
deciduous teeth from horses were collected and cells
(fDSCs) at passages 1 and 2 were characterized by
intracellular ~ flow  cytometry  (Santa  Cruze
Biotechnology, CA, USA.) as previously described
(Petchdee et al., 2014). In brief, teeth root was cut to
reveal the pulp chamber. Stem cells from pulp tissue
were removed and then resuspended in 5 ml
Dulbecco’s PBS (Gibco, Invitrogen). The cells were
placed onto T25 culture flask and incubated for 4 days
in a carbon dioxide incubator maintained at 37°C and
5% CO, until cell adhesion. Then, the cells were
replaced with fresh DMEM media and were carried
until 80% confluency was achieved as shown in Figure
1.

Figure 1 Morphology of foal deciduous teeth stem cells (fDSCs) isolated from the inner part of horse teeth. Phase contrast microscopy
showed plastic adherent and fibroblast like cells seen in primary culture (a), becoming semi-confluence (b) and reaching

100% confluence in 25 cm? flasks in 15 days (c).

Figure 2 Incision area of approximately 5x5 cm? (x) was made through the right and left flank area of rabbits (A). Full thickness
excision was made as shown in B, (a) represents the distance between the borders of the wound and (b) represents the depth

of the wound.

Animals: The study was conducted in New Zealand
White rabbits and approved (ACKU 03459) by the
Ethical Committee for Animal Experiments, Kasetsart
University, Thailand. The rabbits were randomly
divided into two experimental groups consisting of the
control group, rabbits given conventional wound care
alone without stem cell administration (n=4); and the
treated group, rabbits given fDSCs (1x106) injected

through marginal ear vein on day 0 and day 14 after
surgically induced full-thickness wound (n=4). Clinical
evaluation consisted of physical examination, and
complete blood cell counts were performed. The
animals were anesthetized with isoflurane (5%
induction, 2% maintenance) intubated and connected
to a ventilator. Ventilation was done with a tidal
volume of 50 ml, at frequency of 36 bpm.
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Approximately 5x5 cm? skin excision was performed subcutaneous fat as shown in Figure 2B. The animals
along the right and left flank region (Fig 2A). were maintained for 2 months for investigation into the
Epidermis and dermis were cut to the depth of wound healing processes.
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Figure 3 Images of wound areas prior to and following treatment with foal deciduous teeth stem cells (fDSCs). The wound areas
were analyzed on days 0, 3, 5, 7, 10, 14, 21 and 28 in the control and treatment groups. Gross appearance of wounds on day
3 (D3) showed higher vascularization of wound in the treated group (fDSCs) (i) and significantly faster wound healing
(*p<0.05) was observed on day 14 in the treatment group compared to the control group as shown in (ii).
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Figure 4 Histological images of wounds on days 14 and 28. H&E staining showed re-epithelialization in the fDSCs-treated group
compared to the control group. The granulation tissue appeared to be thicker and larger in the fDSCs treated group.

Deciduous teeth stem cells administration: Foal
deciduous teeth stem cells (fDSCs) from passage 2
were intravenously administered to the rabbits with
excisional wounds. fDSCs were freshly prepared and
1x106 cells were diluted in PBS and administered
intravenously through the marginal ear vein of the
rabbits. The second injection was made 2 weeks after
the first injection.

Histological evaluation: Skin biopsies from rabbits of
the control and treatment groups were performed on
days 3, 5, 7, 10, 14, 21 and 28. The skin biopsy samples
were processed for histological evaluation. The skin
biopsy sections were embedded in paraffin blocks.
Sections of the rabbit skin were cut and stained with
Hematoxylin and Eosin (H&E) for further evaluation.

Wound analysis: Wound images were taken and
analyzed on days 3, 5, 7, 10, 14, 21 and 28 after the
surgically full-thickness excision. Wound area was
measured by digital caliper and percentage of wound
contraction was calculated as: {(Area of original wound
- Area of actual wound) / Area of original wound} x
100%.

Statistical analysis: Mean values + SEM were
calculated using GraphPad Prism version 5.0. Student
paired T-test was used to compare the percentages of
wound areas and wound contraction. P values less
than 0.05 (p<0.05) were considered statistically
significant.

Tablel  Blood profiles of rabbits in the control and fDSCs-treated groups
Control fDSCs
Parameter Normal range Mean * SEM Mean + SEM
DO D14 DO D14

RBC (*10¢/ mm?3) 3.8-79 5.69+0.28 6.24+0.21 6.4410.43 6.00+0.22
HGB (g/dL) 9.4-174 12.33+0.51 13.10+0.32 13.65+0.49 12.90+0.31
HCT (%) 33-50 38.95+1.98 40.80+0.53 41.9+1.60 41.0+1.45
MCV (mm?3) 50-75 68.50+1.21 66.70+3.05 66.58+2.80 68.50+2.48
MCH (pg/ cell) 18-24 21.70+0.20 21.40+0.25 21.32+0.72 21.50+0.65
MCHC (%) 27-34 31.70+0.60 32.10+0.61 32.58+0.45 31.50+0.36
PLT (*10°/1) 200-650 388.25+4.6 378.00+7.42 356.5+2.83 492+7.17
WBC (*10°/1) 5-13 9.65+0.87 8.78+0.63 7.72+1.26 8.18+1.05
NEUTROPHIL (%) 34-70 30.65+4.33 2.70+0.22 26.10£1.91 2.71x0.73
LYMPHOCYTE (%) 43-80 55.40+4.87 4.90+0.52 62.13+£3.89 4.50+0.84
MONOCYTE (%) 0-4 9.08+0.66 0.79+0.02 7.53+1.47 0.69+0.13
EOSINOPHIL (%) 0-2 2.98+0.76 0.13+0.01 2.90+0.74 0.08+0.01
BASOPHIL (%) 0-0.84 1.90+0.34 0.26+0.07 1.35+0.13 0.20+0.04
CREATININE (mg/dl) 0.5-2.6 1.32+0.07 1.11x0.06 1.40+0.01 1.0£0.07
ALT (U/L) 14-80 55.25+7.40 59.50+17.26 47.25%3.71 50.3+4.33
TOTAL PROTEIN (g/1) 50-75 7.30+0.13 7.40+0.25 6.90+£0.19 7.20+0.12
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Results and Discussion

This is the first study to show the application
of foal deciduous teeth stem cells (fDSCs) to treat
wound in rabbit wound model. We provided evidence
that fDSCs administered to excisional wounds through
an intravenous route exert beneficial therapeutic
effects without complications. Blood test results of the
rabbits in the control and fDSCs-treated groups are
shown in Table 1. The surgical wound model in rabbit
was used in this study to assess the use of stem cells in
wound repair processes. Multiple injections of 1x106 of
fDSCs were intravenously administered into the
marginal ear vein of the rabbits. fDSCs in the
circulation release chemotactic agents. Furthermore,
previous studies have shown that dental stem cells can
migrate to the damaged tissue. The growth factors and
paracrine factors such as SDF-1, HGF and VGEF from
stem cells act as chemotactic and homing signals
(Briques et al.,, 2015; Pravin et al., 2015). Animal
excisional wound models are associated with a greater
sensitivity to be infected, therefore a proper wound
dressing is recommended to assist appropriate wound
healing (Roy et al, 2014). In this current study,
conventional care for wound was applied to the
wounds in the control group, the wounds were
debrided and cleaned with 0.5% povidone iodine and
normal saline. Normal saline dressings were changed
daily in the first 3 days and then every 2 days
thereafter. Our investigations showed that the
administration of fDSCs accelerated wound healing
and contraction (Figs 3 and 4) (Table 2). The
granulation tissues were formed and the wound
contracted within 4-5 days after the fDSCs
administration in all rabbits in the treatment group.
This was a significant improvement (p<0.05) compared
with the control group, which used conventional
wound management. There are several reports which
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suggest that cytokines and growth factors may be
beneficial as a supplement for wound healing
processes (Briquez et al., 2015). Gross appearance of the
skin wound represented higher vascularization in the
wounds of the treatment group as shown in Figure 3.
One possibility for the therapeutic effects of stem cells
is the promotion of wound healing by suppression of
inflammatory cells and stimulation of repair
mechanism, including angiogenesis (Turner et al.,
2014). The skin sections of the rabbit wound are shown
in Figure 4. Noticeably, H&E staining showed an
increasing number of cells in stratum basale layer in
the treated samples compared to the control samples.
The amount of connective tissue cells in reticular layer
was higher in the treated group when compared with
the control group. To restore and prevent the
breakdown of the extracellular matrix and to add
deficient components such as growth factors and
collagens may be the therapeutic mechanism of fDSCs
(Shah et al., 1999; Falanga et al., 2000; Martin et al.,
2013). The results from our study suggested that stem
cells derived from deciduous teeth of the horse might
be a novel approach for wound care and might be
applied in clinical treatment of non-healing and large
wounds. However, the treatment with stem cells from
deciduous teeth requires further investigation to
understand the underlying mechanisms of cytokine,
growth factors and progenitor elements which
contribute to the wound healing processes. This
preliminary investigation suggests that fDSCs have the
potential to promote wound healing in rabbit
excisional wound models. However, further clinical
application of a standardized model and appropriate
controls should confirm the results of therapeutic
effects of stem cells. This study is encouraging but not
yet conclusive, the information obtained from further
research will inform novel developments in wound
management in the future.

Table2  Time point of appearance of different wound contraction in days after administration of f{DSCs

% Wound contraction

Days after fDSCs administration

Control fDSCs

0 0 0

3 13.77+3.23 11.07+£2.96
7 42.64+3.98 43.58+2.56
10 64.55+3.31 64.69+1.79
14 88.95+1.77 90.60+1.40
21 98.98+0.66 99.15+0.10
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