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Abstract

The free gingival graft (FGG) and connective tissue graft (CTG) are currently considered to be the gold

standards for keratinized gingival tissue reconstruction and augmentation. However, these procedures have

some disadvantages in harvesting large grafts, such as donor-site morbidity as well as insufficient gingival

width and thickness at the recipient site post-treatment. To solve these problems, we focused on an

alternative strategy using micronized tissue transplantation (micro-graft). In this study, we first investigated

whether transplantation of micronized gingival connective tissues (MGCTSs) promotes skin wound healing.

MGCTs (<100 um) were obtained by mincing a small piece (8 mm?) of porcine keratinized gingiva using the

RIGENERA system. The MGCTs were then transplanted to a full skin defect (5 mm in diameter) on the

dorsal surface of immunodeficient mice after seeding to an atelocollagen matrix. Transplantations of

atelocollagen matrixes with and without micronized dermis were employed as experimental controls. The

results indicated that MGCTs markedly promote the vascularization and epithelialization of the defect area

14 days after transplantation compared to the experimental controls. After 21 days, complete wound closure

with low contraction was obtained only in the MGCT grafts. Tracking analysis of transplanted MGCTs

revealed that some mesenchymal cells derived from MGCTs can survive during healing and may function to

assist in wound healing. We propose here that micro-grafting with MGCTs represents an alternative strategy

for keratinized tissue reconstruction that is characterized by low morbidity and ready availability. This

article is protected by copyright. All rights reserved
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Introduction

In dental implant therapy, it is crucial to obtain an adequate volume (width and thickness) of keratinized

gingiva to maintain healthy peri-implant tissues, since an insufficient volume results in unsatisfactory

esthetic outcomes as well as gingival inflammation due to poor plaque control (Thoma et al., 2009; Herford

et al., 2010; Schmitt et al., 2013). Meanwhile, alveolar bone atrophy after tooth extraction leads to a

simultaneous decline in keratinized gingiva. Therefore, the reconstruction or augmentation of keratinized

mucosa after bone augmentation and/or dental-implant placement is necessary to ensure the survival of the

dental implant and to improve the aesthetic qualities (Kim et al., 2009; Schrott et al., 2009; Lin et al., 2013;

Brito et al., 2014; Schmitt et al., 2015). Currently, the free gingival graft (FGG) and connective tissue graft

(CTG) are considered to be the gold standards for keratinized tissue augmentation (Thoma et al., 2009;

Herford et al., 2010; Agarwal et al., 2015). However, these procedures have some disadvantages in the

harvest of large grafts, such as donor-site morbidity and insufficient gingival width and thickness at the

recipient site (Thoma et al., 2009; Herford et al., 2010; Schmitt et al., 2014; Schmitt et al., 2015). Therefore,

an alternative strategy that avoids donor-site morbidity but has comparable healing potential is needed.

Recently, soft tissue engineering using biomaterials and/or stem cells has been an area of

increasing focus (Imaizumi et al., 2004; Wu et al., 2007; Basiouny et al., 2011). For example, as an

alternative to autogenous tissues, material of allo- or xeno-genic origin, such as acellular human dermal

matrix (ADM) and porcine collagen matrix (CM), have been investigated in clinical trials as methods for
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increasing the volume of keratinized tissues (Herford et al., 2010; Schmitt et al., 2013; Schmitt et al., 2015;

Agarwal et al., 2015; Basegmez et al., 2013). However, although ADM or CM showed utility in augmenting

the keratinized mucosa without donor-site morbidity, the peri-implant keratinized gingiva regenerated using

these materials could not provide sufficient width and thickness without shrinkage compared to FGG

(Agarwal et al., 2015). Meanwhile, it has been shown that gingival mucosa-derived mesenchymal stem cells

(GMMSCs) are able to promote wound healing (Zhang et al., 2010; Zhang et al., 2012; Fournier et al., 2013;

Boink et al., 2015). Compared to dermal MSCs, GMMSCs showed greater proliferation and migration

capacity without influencing matrix contraction or a-smooth muscle actin (a-SMA) expression in skin

wounds. (Boink et al., 2015) In fact, several studies have demonstrated that GMMSCs are associated with

superior scar quality while dermal MSCs or subcutaneous adipose MSCs are associated with normotrophic-

or hypertrophic-scar formation (Boink et al., 2015; van den Broek et al., 2014; van den Bogaerdt et al., 2013).

Therefore, gingival tissue can be considered to be an excellent stem cell source for soft tissue engineering.

However, in the clinical use of GMMSCs, obtaining sufficient numbers of GMMSCs may be challenging

because an expansion process is required in vitro. In fact, the plasticity of MSCs declines sharply during

culture expansion and cell passaging (Agata et al., 2010; Xia et al., 2013). .

On the other hand, new possibilities for minimally invasive and non-laborious procedures

using fresh non-cultured cells obtained from small amounts of autologous tissues, such as bone marrow,

adipose, and dermal tissues, have been suggested from recent research on cell-based therapies in tissue
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engineering (Sumita et al., 2011; I et al., 2014; Yoo et al., 2009). For example, it was recently reported that

the transplantation of micronized tissues (micro-graft) 50 um in size from small autologous tissue samples

(only a few millimeters in size) can be used effectively for bone or soft tissue engineering (Giaccone et al.,

2014; Zanzottera et al., 2014; Trovato et al., 2015; Monti et al.,2016; Marcarelli et al., 2016; Svolacchia et

al., 2016). In particular, micro-grafts from adipose or dermal connective tissues have been shown to improve

wound healing or hair-growth (Giaccone et al., 2014; Zanzottera et al., 2014; Marcarelli et al., 2016;

Svolacchia et al., 2016). With respect to the micro-graft, stem/progenitor cells, as well as extracellular matrix

(ECM) components and growth factors, are thought to enrich the micronized tissue suspension (Svolacchia

et al., 2016). Moreover, this procedure can be carried out easily and safely by using a dedicated device, such

as Rigenera® system, during the intervention in the operating room. Therefore, the micro-graft continues to

evolve as a concept and can be further developed as an alternative strategy for facilitating the use of

cell-based therapies in the clinical setting.

This study aims to develop a new strategy of applying micro-grafts of gingival connective

tissue for reconstructing or augmenting the keratinized mucosa as an alternative to FGG or CTG. We first

investigated whether transplantation of micronized gingival connective tissues (MGCTs) promotes skin

wound healing. MGCTs were obtained from small (approximately 8-mm?®) keratinized gingival connective

tissue samples, and contain GMMSCs, which are known to promote wound healing with superior scar

guality (Boink et al., 2015). Therefore, micro-grafts of gingival connective tissue have the potential to
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contribute to soft tissue engineering by their low morbidity and ready availability.
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Materials and Methods

Micronization of gingival connective tissues

All procedures with animals were carried out under the protocol approved by the Facility Animal Care

Committee of Nagasaki University (1310111096-2). A piece (2 cubic millimeter of size) of

keratinized-gingival connective tissue was harvested from the palatal mucosa of freshly slaughtered

6-month-old pig (Fig. 1A). Then, a harvested tissue was mechanically dissociated right away with

Rigenera® system using Rigenera® machine and Rigeneracons®, a mechanical disruptor of small tissues

(Human Brain Wave, ltaly), according to a method previously described (Zanzottera et al., 2014; Trovato et

al., 2015; Marcarelli et al., 2016) (Fig. 1B). Briefly, a harvested tissue was inserted in the Rigeneracons

(which are composed of a grid provided by hexagonal blades) with the addition of 1 ml of saline solution per

piece, and micronized for 90 second by Rigenera machine (Fig. 1B). Then, after centrifuge, the precipitated

micronized-gingival connective tissues (MGCTs, <100 um each) was suspended in 200 ul of Dulbecco’s

Modified Eagle’s Medium (DMEM; Sigma, St. Louis, MO, USA) [For reference, a considerable number of

MGCTs adhered to the culture dish and expressed a mesenchymal cell marker (anti-Vimentin antibody)

when seeded into a 10 cm culture dish and cultured in DMEM containing 10 % fetal bovine-serum and 2 %

antibiotic-antimycotic solution for 7 days (Fig. 1C)], and subsequently, MGCTs were re-suspended and

seeded onto an atelocollagen-matrix, which size was approximately 6 mm in diameter and 2 mm in thickness

(TERUDERMIS®; Olympus Terumo Biomaterials, Tokyo, Japan), just before the transplantation (Fig. 1D).
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In order to track the donor cells post-transplantation, some MGCTs were labeled with PKH26 (red

fluorescent cell linker kit; Sigma, St. Louis, MO, USA). In addition, micronized-skin (dermal) connective

tissues were employed as one of experimental controls.

Transplantation of micronized-tissues

8-week-old female BALB/cAJcl-nu/nu mice (Nihoncrea, Tokyo, Japan) were anesthetized with an

intraperitoneal injection of sodium pentobarbital (15 mg/kg) (Nembutal; Dainippon Sumitomo Pharama,

Osaka, Japan). During and after operation, mice were kept warming. A 5 mm (in diameter) round

full-thickness excisional wound was made on the back of mice (Fig. 1E). Subsequently, samples were

transplanted to the skin-defect and positioned down over the wound bed. Then, to measure the contraction

level, 4 tattoo marks were delineated at the place of 1 mm away from the wound margin. Finally, a

donut-shaped flexible silicone splint with a 10 mm inner and 16 mm outer diameter was fixed to the skin

around the wound with interrupted 5-0 nylon sutures and an adhesive film (Fig. 1F). Experiments were

performed in each experimental group, such as only defects without any grafts [Control; n=5 at each time

point, total n=15], grafts of atelocollagen-matrix with only DMEM [AC; n=8 at 7 and 14 days

post-transplantation, n=5 at 21 days post-transplantation, total n=21], micro-grafts of MGCTs with

atelocollagen-matrix [MG; n=8 at 7 and 14 days post-transplantation, n=5 at 21 days post-transplantation,

total n=21], and micro-grafts of micronized-dermis with atelocollagen-matrix [MG-Skin; each n=5 at two
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time points (7 and 14 days post-transplantation), total n=10]. Furthermore, an additional in vivo experiment

using PKH26-labeled MGCTs were performed as MG-group [MG and AC (negative control); n=3 at 7 days

post-transplantation].

Measurements of wound closure and contraction

After 7, 14, and 21 days of transplantation, digital photographs of wound area on the back of each mouse,

which was laid as flat as possible, were taken and then were scanned into a computer. The percentage of

wound-closure was calculated, as “area of actual wound / area of original wound”, with an image analysis

program (Image J; NIH, Bethesda, MD, USA). The percentage of wound-contraction was also calculated as

reduction rate by which the area of actual tattoo marks was subtracted from the initial tattooed area. Tattooed

area was presented with length x breadth of the length between opposite tattoos.

Histological and immunohistological analysis

At 7, 14, and 21 days post-transplantation, the specimens were harvested and fixed with 4%

paraformaldehyde. Then, they are embedded in paraffin wax. Sections (3-um thickness) were deparaffinized

and routinely stained with hematoxylin & eosin (HE) and Masson’s trichrome for conventional

morphological evaluation. To measure the epithelial thickness on samples of MG- and MG-Skin-groups at

14 days post-transplantation, 10 random sites in hematoxylin and eosin-stained sections (3 sets of
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consecutive 3 sections were examined per mouse; 3 specimens/group) under x200 magnification were

measured by Lumina vision software (MITANI, Tokyo, Japan). Two examiners independently counted the

thickness randomly chosen from the length of 3 consecutive sections composed of both edge directions from

central point of wound-area.

To confirm the re-epithelization, immunohistochemical staining was performed with Vectastain

ABC kit (Vector, Burlingame, CA, USA). Sections were stained with mouse monoclonal anti-pan

Cytokeratin (1:100) (Abcam, Cambridge, UK) antibody. Then, specimens were finally reacted with

0.1 %wi/v 3.3’-diaminobenzidine tetrahydrochloride (DAB immunohistochemistry; GenWay, CA, USA) in

PBS and counterstained with hematoxylin. Control staining was performed by replacing the first antibody

with pre-immune serum eluted from the corresponding affinity columns.

Furthermore, to assess the blood vessel formation, immunofluorescence staining was performed

with rabbit polyclonal anti-mouse VWF (1:100) (Blood Vessel Staining Kit; Millipore, Billerica, MA, USA)

and rabbit polyclonal anti-mouse CD31 (1:50) (Abcam, Cambridge, UK) antibodies. The slides were then

incubated with Alexa-Flour 546-conjugated goat anti-rabbit (1:100) (Invitrogen, Carlsbbad, CA, USA) for

VWF and Alexa-Flour 488-conjugated donkey anti-rabbit (1:100) (Invitrogen) for CD31 as

secondary-antibodies. Then, 4',6-diamidino-2-phenylindole, dihydrochloride (DAPI; Invitrogen) was added

for 3-5 minutes. Control staining was performed by replacing the first antibody with pre-immune serum

eluted from the corresponding affinity columns. The percentage of blood vessel-area (VWF/CD31
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stained-area) to whole-area of transplants just under the basement membrane were measured by pixels on

Image J software (NIH). This percentage of surface area occupied by blood vessels was assessed under x200

magnification using five randomly fields in a section for 5 sections/specimens (3 specimens/group at each

time point).

To detect the donor cells, frozen sample sections (5 um thickness) from mice after 7 days of

transplantation were fixed in 4 % paraformaldehyde, followed by three washing steps in PBS for 5 min each.

Then, the sections were observed under a fluorescence microscope to detect PKH26-positive cells in each

samples.

Gene expression analysis for detection of MGCT-derived cells and tissue regenerative factors after

transplantation

Reverse Transcription Polymerase Chain Reaction (RT-PCR) was used to determine the mMRNA expressions

of porcine endothelial, mesenchymal or epithelial cell markers to track the MGCT-derived cells in specimens

at 14 days post-transplantation. Total RNA was extracted with Trizol-reagent (Invitrogen, CA, USA) from

the samples of MG-, AC-, and Control-groups. Total RNA extracted from porcine mucosal tissues was

employed as a positive control (Pig-group). First-strand cDNA synthesis was performed by SuperScript

First-strand Synthesis (Invitrogen). cDNA was amplified with Takara-Taq (Takara Bio Inc., Shiga, Japan).

PCR reactions were performed with Mx3000P QPCR System (Agilent Technologies, CA, USA). Porcine
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(cd31, VWF, vimentin, cytokeratin, and g-actin) and mouse glyceraldehyde-3-phosphate dehydrogenase

(gapdh) specific primer sets are shown in Table 1.

Quantitative real time-PCR was used to determine the mRNA expressions of tissue

regenerative/angiocrine factors (sdf-1, cxcr-4, vegf-a, -b, flt-1 and flk-1) genes in the transplanted specimens

at 7 days after transplantation. Total RNA was extracted with Trizol-reagent (Invitrogen), and first-strand

complementary DNA synthesis was performed by SuperScript First-Strand Synthesis (Invitrogen).

Complementary DNA was amplified with Takara-Taq (Takara Bio). PCR reactions were performed with

Mx3000P QPCR System (Agilent Technologies, Santa Clara, CA, USA). Mouse-specific primer sets are

shown in Table 2. As internal standards, glyceraldehyde-3-phosphate dehydrogenase (gapdh) primer was

used for quantitative real time-PCR.

Statistical analysis

Means were analyzed using one-way analysis of variance. Dunnett’s multiple comparison t-test was used to

detect any significant differences within each group. Experimental values were presented as mean + s.d. A

p-value of < 0.05 was considered to be statistically significant.
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Results

Macroscopic findings post-transplantation

At 7 days post-transplantation, re-epithelialization seemed to be under way in all samples and was most

advanced in the MG-group (atelocollagen matrix with MGCTSs) (Fig. 2A, B). At 14 days, the wound area was

obviously reduced in the MG-group (approximately 15% of the original wound area) compared to the other

groups (approximately 26% in the AC-group and 40% in the Control-group) (Fig. 2A, B). By 21 days,

complete wound closure was observed in the MG-group while wound closure was progressing in the AC-

and Control-groups (Fig. 2A, B). Meanwhile, scar contraction was obviously inhibited by treatment with

atelocollagen matrix, and MGCTs promoted that effect of the atelocollagen matrix markedly at 14 days

post-transplantation (Fig. 2A, C).

Histological observations of the wound area

At day 14 post-transplantation, re-epithelialization progressed obviously along the surface of the

atelocollagen-matrix in the MG- and MG-skin groups (Fig. 3A, B, G, H). In contrast, delayed

epithelialization was observed in both the AC- and Control-groups (Fig. 3C, D, E, F), while the absorption of

atelocollagen-matrix appeared comparable among the transplantation groups with or without micro-grafts

(Fig. 3B, D, H). However, numerous inflammatory cells were noted in the matrix area of the AC-group (Fig.

3D). The epithelial thickness of the re-epithelialized area in the MG-group was greater than the
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MG-skin-group (Fig. 31).

At day 21 post-transplantation, the MG-group showed complete epithelialization, and

cytokeratin-positive skin appendages were detected only in this group (Fig. 4A). Although

re-epithelialization progressed in the AC-group, regeneration of cytokeratin-positive epidermis was

incomplete (Fig. 4B). Meanwhile, the Control-group did not show obvious epithelialization, although

recovery of the dermis was noted (Fig. 4C).

Blood vessel formation in the wound area

Blood vessels were visualized clearly, using anti-CD31 and -vWF antibodies, in the matrix of the MG-group

compared to the AC-group at 14 days post-transplantation (Fig. 5A, B). Further, blood vessel formation was

increased in a time-dependent manner (especially at 14 and 21 days) in the MG-group (Fig. 5C).

Detection of MGCT-derived cells and tissue regenerative factors in the wound area

At day 7 post-transplantation, PKH26-labeled (red fluorescent) donor cells were detected mainly in the

matrix immediately below the area of epithelialization (Fig. 6A). The expression of porcine-specific MRNAs

related to endothelial, mesenchymal, or epithelial cell marker genes were examined in samples at 14 days,

and mesenchymal cell signals (vimentin gene derived from MGCT-derived cells) were clearly recognized in

the MG-group, just as in porcine specimens derived from porcine mucosal tissues (a positive control) (Fig.
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6B). However, although the mRNA expression of endothelial and epithelial cells (cd31, vWF and cytokeratin

genes) in the MG-group was detected, the expression levels were very low compared with the positive

control (Pig-group) (Fig. 6B). Meanwhile, these genes were not expressed in the Control- and AC-groups

(Fig. 6B), although the murine gapdh gene (housekeeping gene) was expressed in the MG-, AC- and

Control-groups (data not shown). While a small number of MGCT-derived cells may have contributed

directly to form the blood vessels or epidermis in the wound area, the majority of donor cells likely

functioned as mesenchymal cells. Interestingly, at 7 days after transplantation, mouse-specific mMRNA

expression of SDF-1 that stimulates the vascularization and recruits the MSCs from bone marrow was

significantly up-regulated in the MG-group (Fig. 6C). Also, the expression level of CXCR-4 mRNA, which

is a receptor of SDF-1 and a crucial factor of cell migration, was higher in the MG-group when compared

with the AC-group (Fig. 6C). Consistent with these results, an up-regulation of vasculogenic genes (vegf-a

and -b) and their receptors (flt-1 and flk-1) was seen in the MG-group (Fig 6C).
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Discussion

This study demonstrated that tissue engineered micro-grafts of keratinized gingival connective tissue could

promote skin regeneration. The positive study outcomes were as follows: 1) MGCTs, obtained from a few

millimeters of gingiva, reliably hastened the re-epithelialization of wounds with less scar contraction, 2)

MGCTs obviously induced vascularization as explants during the re-epithelialization process, and 3)

surviving mesenchymal cells derived from MGCTs might have affected these phenomenon in a paracrine

manner. These outcomes indicate that this strategy has potential as an alternative therapy to the conventional

FGG or CTG.

In re-epithelialization, approximately 90 % of the wound area was closed at 2 weeks

post-transplantation when atelocollagen-matrix was transplanted with MGCTSs; in contrast, the same level of

wound closure was observed at 3 weeks post-transplantation in the absence of MGCTs. Moreover, the

epithelial thickness of the regenerated area was greater in the micro-grafts with MGCTs at 3 weeks compared

with the control and atelocollagen alone groups. These findings clarified that MGCTs from small amounts of

keratinized gingiva (8 mm?®) can have obvious biological effects on skin regeneration. The Rigenera® system

exploits the activities of stem/progenitor cells, ECM components and/or growth factors contained in the

micronized tissues. Recently, Graziano A and colleagues proposed a regenerative therapy using the

Rigenera® system, and demonstrated that micronized tissues obtained from various human samples, such as

periosteum, dental pulp, adipose or dermal tissues, displayed high cell viability and optimal regenerative
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potential (Monti et al., 2016; Svolacchia et al., 2016). For example, in wound healing experiments, a 8-mm?®

sample of skin was micronized, yielding approximately 80,000 cells with 92% cell viability. In addition,

increased levels of MSC markers, such as CDs34, 90 and 105, were observed in the micronized tissues

(Svolacchia et al., 2016). Indeed, micro-graft of skin (dermal) connective tissues has been shown to be

effective in improving surgical wound dehiscence or exaggerated scars in clinical trials (Svolacchia et al.,

2016). These data suggested that mesenchymal stem/progenitor cells in the micronized connective tissues

might play a role in complex wound healing. Meanwhile, recent studies demonstrated that gingival

mucosa-derived MSCs (GMMSCs) have greater proliferative and migration capacity compared to skin

(dermal) MSCs (Boink et al., 2015). Furthermore, GMMSCs possess not only multipotent differentiation

capacity but also immunosuppressive and anti-inflammatory functions (Zhang et al., 2012; Fournier et al.,

2013). In fact, it has been shown that GMMSCs promote skin wound healing by eliciting the polarization of

macrophages toward an anti-inflammatory M2 phenotype (Zhang et al., 2010). These data may indicate that

MGCTs containing such mesenchymal stem/progenitor cells exhibit superior capacity for re-epithelialization.

Our results showed that at 14 days after transplantation, the thickness of the regenerated epidermis was

greater in the samples with MGCTs compared with micronized skin connective tissue (MG-skin).

In regards to the paracrine functions of MGCTs including vascularization, mesenchymal

stem/progenitor cells in MGCTs must function in the manner mentioned above. Moreover, it is known that

exogenous MSCs can promote vascularization at injury sites in various tissues (Wu et al., 2007). For
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instance, bone marrow-derived MSCs (BMMSCs) have been shown to promote wound healing via direct

differentiation (to an epidermal cell lineage) and the release of proangiogenic factors (Wu et al., 2007). In

this study, blood vessel formation in the atelocollagen matrix was enhanced by co-transplantation with

MGCTs. However, the obvious expression of porcine mMRNA markers related to blood vessels (cd31, VWF)

and epithelial cells (cytokeratin) was not observed clearly in MGCT samples, even though donor-derived

mesenchymal cells likely survived until 2 weeks after transplantation. These phenomena suggest that the

promotion of wound repair by MGCTs is due to the release of paracrine factors including proangiogenic

factors, but not to the direct differentiation of MGCTs into endothelial or epithelial cells. Actually, we found

the SDF-1/CXCR-4 signal pathway was significantly up-regulated in wound-area by MGCT transplantation.

SDF-1/CXCR-4 pathway can facilitate the wound healing through augmenting BMMSC recruitment to the

wound sites (Xu et al., 2013). In addition, our preliminary data using proteome profile array showed the

increased expression levels of proangiogenic factors, such as Angiogenin, EGF, FGF, IGF, IP-10, KC,

MMP-3, -9, SDF-1 and VEGF, in MGCTs at 7 days after transplantation (Supplemental Figure). As

mentioned above, MGCTs contain not only stem/progenitor cells but also ECM components and various

growth factors. Previous studies demonstrated that remodeling of the ECM components, such as Matrix

Metalloproteinases (MMPS) and Tissue Inhibitor of Metalloproteinases (TIMPS), was more rapid and intense

with gingival fibroblasts than dermal fibroblasts (Chaussain et al., 2002; Mah et al., 2014; Tarzemany et al.,

2015). Furthermore, gingival fibroblasts express elevated levels of molecules involved in the regulation of
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inflammation (Mah et al., 2014). Therefore, we can speculate that such components in gingival fibroblasts

were contained in MGCTs and likely led to the enhanced wound healing without scar contraction observed in

this study. Indeed, decreased scar contraction was clearly observed in samples with MGCTs, and the

regeneration of skin appendages was detected in those samples at 3 weeks post-transplantation.

In conclusion, our results demonstrated that the micro-graft of MGCTs using the

Rigenera® system can be effectively employed for skin regeneration without the need for complicated

procedures. Our findings suggest that this strategy can be easily applied to the clinical setting, showing low

morbidity and ready availability, and can contribute to keratinized gingival tissue reconstruction or

augmentation as an alternative to FGG or CTG. Further investigations using more concrete animal models

and clinical studies are needed to confirm our in vivo observations.
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Figure legends

Figure 1. Procedures of micro-graft with MGCTs to the skin defect. (A) 2-cubic millimeters of gingival

connective tissue was harvested from the porcine palatal gingiva (box area). (B) Rigenera machine® (left)

and Rigeneracons® (right) (Human Brain Wave, Italy). (C) Outgrowth of fibroblastic cells from an adherent

MGCT at 7 days of culture. These cells were positive (green) for anti-Vimentin cytostaining. (D) Gross

appearance of atelocollagen-matrix with MGCTs before transplantation. (E) Round full-thickness excisional

wound (5 mm in diameter). 4 tattoo marks were delineated at the place of 1 mm away from the wound

margin. (F) Gross appearance after transplantation of samples.

Figure 2. Macroscopic findings after treatment. (A) Gross appearance of wounds in MG, AC and Control

groups at 7, 14, 21 days post-transplantation (each group; n=5 at each time points). Yellow-dotted line:

boundary of unhealed wound area. Red arrow head: portions of tattoo marks. (B) Changes of percentage of

wound reduction (area of actual wound / area of original wound) at 7, 14, 21 days post-transplantation (each

group; n=5 at each time points). (C) Changes of percentage of Scar-contraction area at 7, 14, 21 days

post-transplantation (each group; n=5 at each time points).

Figure 3. Histological analysis of wound-areas at Day 14 post-transplantation (each group; n=5). (A-H) HE

staining of wound-areas in MG (A), AC (C), Control (E) and MG-skin (G) samples (scale bar is 200 pm),

and Masson’s trichrome staining of wound-areas in MG (B), AC (D), Control (F) and MG-skin (H) samples
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(scale bar is 500 um). Red arrow head: re-epithelialized portions. Red asterisks: transplanted-matrix portions.

(1) Epithelial thickness of wound-area in MG and MG-skin group. (3 sets of consecutive 3 sections/specimen

for each group; n=3)

Figure 4. Histological analysis of wound-areas at Day 21 post-transplantation (each group; n=5). (A) HE

staining of wound-areas in MG samples (scale bar is 200 um) (left), and Cytokeratin immunohistochemical

staining of box area is shown in higher magnification (scale bar is 200 um) (right). Cytokeratin-positive skin

appendages (arrow heads) are recognized. (B) HE staining of wound-areas in AC samples (scale bar is 400

um) (left), and Cytokeratin immunohistochemical staining of box area is shown in higher magnification

(scale bar is 200 pum) (right). The portion of incomplete epithelization in wound area is observed as

Cytokeratin-negative. (C) HE staining of wound-areas in Control samples (scale bar is 500 um).

Figure 5. Blood wvessels formation in wound-area. (A, B) CD31 (green-fluorescent) and VWF

(red-fluorescent) immunofluorescence staining in matrix adjacent to wound-area in MG (A) and AC (B)

samples at Day 14 post-transplantation (scale bar is 100 um). The box area in (A) is shown in higher

magnification. Yellow dotted line: Boundary of the epithelium and dermis. Blue: DAPI. (C) Time course of

Blood vessel formation. (5 randomly fields/section in 5 sections/specimen for each group; n=3 at each time

points)
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Figure 6. Detection of MGCT-derived cells and tissue regenerative factors in wound-area at 7 and 14 days

post-transplantation. (A) PKH26 (red-fluorescent)-labeled cells were recognized in matrix of MG samples

but not in that of AC samples at 7 days (scale bar is 50 um) (each group; n=3). The box area just below the

area that will be epithelized is shown in higher magnification. Yellow dotted line: Boundary of the

epithelium and dermis. Blue: DAPI. (B) Expression of porcine-specific mRNAs (vimentin, VWF, cd31,

cytokeratin and g-actin) in Control, Pig, MG and AC samples at 14 days (each group; n=3). Vimentin-gene

expression is detected in MG samples as with Pig samples. (C) Expression levels of mouse-specific genes,

related to the tissue regenerative/angiocrine factors in MG and AC samples at 7 days (each group; n=3).

This article is protected by copyright. All rights reserved 26



Table 1

Table 1: Sequence of porcine specific primer pairs for RT-PCR

anti-sense

gene sSense
vimentin 5’-GGAACAGCACGTCCAAATCG-3’
vWF 5’-GCAGATAGACTGGGATGGCC-3°
cd31 5’-CCAGCCGCATTTCCAAAGTC-3’
cytokeratin 5°-AAGAGCACATGGCAGGACTT-3’
p-actin 5’-GACCGACTACCTCATGAAG-3’

5’-CGCATCCACTTCACAGGTGA-3"

5’-GGTTGCCGTTGTAATTCCCG-3’

5-GCTCTGAGGCTACCTTGGTG-3"

5'-CTTGGAGGTGGCTTCAGTTC-3"

5’-CCGTGATCTCCTTCTGCAT-3"
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Table 2

Table2: Sequence of mouse specific primer pairs for quantitative-PCR

Zgene sense anti-sense

Sdf-1 57- CCAACGTCAAGCATCTGAAA-3° 5’- TAATTTCGGGTCAATGCACA-3°
cxcr-4 5’-TGGAACCGATCAGTGTGAGT-3" 5’-GATGGTGGGCAGGAAGATCC-3’
vegf-a 5-CCTCCGAAACCATGAACTTT-3 5-TCATGGGACTTCTGCTCTCC-3’
Vegf-b 57-CTCATGATCCAGTACCCGAGC-3° 5-GCTTCACAGCACTCTCCTTT-3"
Sit-1 5’-CTCACTTGCACCGTGTATGG-3’ 5’- TGCTGGGATCCAGGATAAAG-3’
JIk-1 5’-GCTTGCCTTATGATGCCAGC-3* 5-TCCAAAAGCGTCTGCCTCAA-3°
gapdh 53’ -GGATGCAGGGATGATGTTC-3° 5-TGCACCACCAACTGCTTAG-3’
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Figure 6
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