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Introduction

Inflammatory lesion, such as apical periodontitis, is a disease 
characterized by tissue destruction at the root apex of  tooth said 
to be a host immune response due to bacterial infection [1-4]. 
The involvement of  cytokines produced during inflammation has 
been mentioned in studies involving bone lesions [5, 6]. Various 
factors inducing inflammatory response, osteoclast activation, 
etc., in bone destruction have been reported. However, extensive 

cellular dynamics, growth, infiltration and the mechanism of  
formation are still unclear.

Therefore, we attempted to establish a convenient experiment 
in animal model using ddY mouse, which can be verified. The 
method also focused on the histopathological findings of  chronic 
inflammatory apical lesion including the immunohistochemical 
findings. Cytological dynamics of  the periodontal ligament tissue 
inflammatory lesions have somehow been carried out but detailed 
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Abstract

Cyto-pathological features of  the periodontal ligament tissue inflammatory lesions have somehow been carried out but 
detailed cellular dynamics remain unclear. Therefore, in this review, we overviewed mainly our recent experimental model 
studies. That is performed using using ordinary ddY mice and BMP bone marrow transplanted mouse model. Regaring the 
experimental apical inflammatory periodontitis, at four weeks, micro-CT confirmed the presence of  a radiolucent image at 
the apex of  the tooth, which was then removed for histological examination. The results showed granulation tissue with 
fibrosis gradually formed at the periphery of  an abscess.

Next, if  perforation were large, granulation tissue would grow to form periodontal polyp. Results of  micro-CT revealed 
alveolar bone resorption and widening of  periodontal ligament. Histopathological examination showed proliferation of  
fibroblasts with some round cells and blood vessels in the granulation tissue.

Double immunofluorescent staining of  GFP and Runx2 revealed that both proteins were expressed in spindle-shaped cells. 
Double immunofluorescent staining of  GFP and CD31 revealed that both proteins were expressed in vascular endothelial 
cells in morphologically distinct vessels. The results suggest that fibroblasts, periodontal ligament fibroblasts and blood ves-
sels in granulation tissue were derived from transplanted-bone marrow cells. Thus, essential growth of  granulation tissue 
in periodontal polyp was caused by the migration of  undifferentiated mesenchymal cells derived from bone marrow, which 
differentiated into fibroblasts and later on differentiated into other cells in response to injury.

Keywords: Chronic Apical Periodontitis; Alveolar Abscess; Chronic Proliferelative Periodontal Inflammatory Lesion; 
Periodontal Polyp; Granulation Tissue; Periodontal Ligament; Cell Differentiation; Cell Migration; Undifferentiated Mes-
enchymal Cells; Bone Marrow.
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cellular dynamics remain unclear. Therefore, in this review, we 
introduce mainly our recent experimental mouse model studies.

Chronic Apical Periodontitis (Alveolar Abscess)

Periapical lesion is a disease caused by bacterial infection 
characterized by destruction of  the apical periodontal tissues 
by osteoclasts coupled with expanding inflammation. Cytokines 
produced during inflammation are said to be involved in the 
pathogenesis and the role of  local inflammation has been associated 
with bone resorption [1-4]. An inflammatory cytokine called 
Interleukin-1 is involved in tissue breakdown and expansion of  
inflammatory response. It enhances the production of  collagenase 
and prostaglandins indirectly via cytokine production and it is also 
involve in inflammatory reaction and bone destruction. It has also 
been suggested that cytokines produced by the inflammatory 
tissue at the apex of  the tooth induce osteoclasts to act on 
osteoblast lineage to inhibit bone formation [5, 6]. We thought to 
verify this by establishing a simple animal experiment clarifying 
the pathogenesis of  apical periodontitis.

Although other authors reported the induction of  periapical 
lesion by allowing pulp exposure of  rat molars [7, 8], studies on 
laboratory animals using micro-CT over time are very few [5]. 
In conventional micro-CT, the x-ray tube and sensor are fixed 
therefore the image is difficult to aim since the tail and head would 
contact the tube while rotating in vivo, which is essential in sample 
preparation. However, Arai et at., [9-12] developed a micro-CT 
with a stage holding small animals such as laboratory mice stable. 
In this way the sensor and tube can be rotated thus, it is possible 
to obtain a three-dimensional image of  100 million pixels in a 
short recording time of  17 seconds. Thus, we used micro-CT.

In our recent animal examination results are as followed [13]. 
Some day male mice were used in the experiment. Under general 
anesthesia tincture of  iodine was used to disinfect the left maxillary 
first molar. Using one-half  round bur (Maillefer, Ballaiques) and 
drill, the coronal portion of  the pulp was exposed and allowed 
to penetrate until the apex. The opening was confirmed using a 
size 20 file. After pulp exposure, post-operative micro-CT was 
done to confirm the treatment. After confirmed, the regional 
specimens were then subjected to histopathological examinations. 
Furthermore, immunohistochemistry (IHC) was performed.

In the examination, micro-CT observation shows normal pulp 
cavity of  the maxillary first molar specifically the mesial root 

being the subject of  the experiment. The root canal of  the tooth 
is normal having an approximately equal width of  dentin on both 
sides of  the root canal. The periodontal membrane is relatively 
wide but its width is uniform; apical radiolucency suggestive of  
inflammatory apical lesion was not observed. After pulp exposure 
of  the coronal portion and penetration until the root apex of  
the first molar, size 20 file was used to confirm the patency of  
root canal in micro-CT image; the opening toward the center 
of  pulp cavity could be clearly observed. Loss of  dentin and its 
immediate enamel crown is evident. The width of  the lumen of  
root canal lumen became irregular clearly indicating the effect 
of  the instrument. Two weeks later, micro-CT revealed a small 
radiolucency at the root apex, which increased in size after 4 
weeks. The external part is opened from the central part of  the 
crown slightly induced by caries. The radiolucent image appeared 
at the apex of  the mesial root. The radiolucent image continued 
to grow in the apical portion. Inside the radiolucency, a portion 
of  the root apex could be seen protruding. The radiolucency was 
relatively uniform from micro-CT image. In addition, radiopaque 
line at the border of  the radiolucent image was detected (Figure 
1).

Histopathological examination of  the tissue removed at the apex 
of  the maxillary first molar 4 weeks after surgery, revealed the 
presence of  three abscesses surrounded by granulation tissue 
(Figure 2-a,b). At high magnification, the center is filled with 
neutrophils, lipids and pus. Furthermore, numerous macrophages 
in the same area where pus is growing slowly were noted. The 
abscess is surrounded by a young granulation tissue, which 
gradually became fibrotic. Macrophages and fibroblasts were 
also observed in the same area (Figure 2-c). The macrophages 
are large with light and granular cytoplasm hence, are also called 
foam cells. IHC with CD31 showed positive reaction in the 
center of  the lesion although capillaries positive to CD31 were 
hardly seen. Cells positive to CD31 were confined in granulation 
tissue in the area of  fibrosis relatively around the abscess (Figure 
2-d). Kimberly et al., [7] showed in their study that exposure of  
the pulp in rat molars would lead to necrosis of  the entire pulp 
and granulation tissue formation six days post-operatively and 
necrotic pulp tissue remains until 5 weeks which then proceeds to 
the formation of  granulation tissue at the apex of  the tooth. In 
this study, it is clear that the cavity opened towards the pulp cavity 
of  the crown and radiolucency emerged at the mesial root apex 4 
weeks later using micro-CT. Furthermore, when the maxillary first 
molar was removed for histopathological examination, an abscess 
bounded mostly by immature and fibrotic granulation tissue was 

Figure 1. Micro-CT image of  one month specimen. Right is the enlarged image. Radiolucent image showing formed lesion 
continuously to the root apex.
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observed. The periapical lesion fabricated experimentally could be 
considered equivalent to the clinical chronic apical periodontitis.

Furthermore, Tsujigiwa et al., [14] established an experiment 
on GFP bone marrow transplanted mice locating the cells that 
migrated to various tissues using mesenchymal cells in the bone 
marrow. The study also revealed that the mesenchymal stem cells 
differentiated into a variety of  cell types in their local destination 
[15-18]. Therefore, the present experiment system together with 
GFP bone marrow transplant mice established by Tsujigiwa et 
al., [14] would contribute greatly to the understanding of  the 
mechanism in the formation of  chronic apical periodontitis.

Chronic Proliferelative Periodontal Inflammatory 
lesion (Periodontal Polyp)

In routine dental clinical practice, perforation of  floor of  the 
dental pulp is a common occurrence during root canal treatment 
for dental caries. These problems tend to be more when treating 
deciduous teeth in clinical pediatric dentistry. The consequence 
of  a large perforation is chronic inflammatory hyperplasia [19]. 
Granulation tissue grows in the periodontal ligament from the 
perforated dentin causing periodontal polyp, which may also 
grow into the pulp cavity. Experimental histopathological studies 
have been done on periodontal polyp for a long time including 
histological analysis and treatment [20-23]. However, the origin 
of  the cells has not been elucidated. Consequently, using an 
experimental system on GFP mouse bone marrow transplantation, 
this study revealed that the cells were derived from mesenchymal 
cells of  the bone marrow. Our research group has been conducting 
studies on migration and differentiation of  cells in many sites 
in the oral cavity and teeth by using an experimental system 
of  GFP bone marrow transplanted mice. Tsujigiwa et al., [24] 
mentioned that transplanted-bone marrow-derived cells migrated 
to the pulp and then differentiated into pulp tissue cells in GFP 
mice. Muraoka et al., [25] showed that bone marrow-derived 
cells migrated to the periodontal tissue and then differentiated 
into periodontal ligament cells like macrophages and osteoclasts. 
Moreover, Tomida et al., [15] described the pluripotency of  

bone marrow-derived cells, which migrated to periodontal tissue 
after orthodontic mechanical stress load application. Likewise, 
Kaneko et al., [18] cited the differentiation of  cells into cellular 
components of  the periodontal tissue.

In our recent animal study, the cellular components of  the 
granulation tissue to induce chronic inflammation at the furcation 
in GFP mouse were carried out [19]. That is, also some GFP 
transplanted mice were used. Under general anesthesia, the 
mouse was fixed on the plate and hole was drilled on the crown of  
maxillary left first molar using ½ round bur to create a perforation 
of  floor of  the dental pulp. The animals were sacrificed at 2 weeks, 
1 month, 3 months and 6 months. The tissues were then removed 
and photographed using micro-CT. At 2 weeks, there was a 
slight resorption of  alveolar bone and expansion of  the width 
of  periodontal ligament underneath the perforation (Figure 3-a). 
At 1 month, the expansion of  the width of  periodontal ligament 
became wider and at 3 months, resorption of  the alveolar bone 
was more apparent and the crown of  the tooth has completely 
collapsed (Figure 3-e). At 6 months, widening of  the periodontal 
ligament from furcation to the apex of  the root was evident.
	
At 2 weeks, slight neutrophil infiltration immediately below 
the perforation was spotted in which a portion was in contact 
with the dentin wall. The proliferating cells were similar in 
morphology to the fibroblasts, which are short and spindle in 
shape with relatively round nucleus. There was an irregularity in 
the arrangement. Capillaries were present to a certain degree in 
some places in the granulation tissue. Polygonal epithelial cells 
with distinct intercellular bridges covered the outermost layer of  
the granulation tissue. Multinucleated giant cells were observed in 
some Howship’s lacuna (Figure 3-b,c). The cells showed positive 
red staining with TRAP. At 1 month, the fibroblasts with round 
nucleus seen at 2 weeks were also spotted but not in the main 
part of  the granulation tissue. The granulation tissue directly 
underneath the perforation became bigger and grew inside the 
pulp chamber; the outermost layer is covered with stratified 
squamous epithelium. The basal layer of  the epithelium showed 
some sort of  activity. Proliferation of  capillaries increased 
compared to 2 weeks and most of  them were found just beneath 

Figure 2. Histopathological ptotograph. a. Abscess formed within the granulation tissue (scale bar: 0.5 mm); b and c. A 
high power views showing many macrophages at the periphery of  the abscess surrounded by granulation tissue (scale bar: 

b: 100 μm; b: 50 μm); c. CD-31 positive cells are present at the periphery of  the granulation tissue (scale bar: 100 μm).
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the epithelium. At 3 months, the nucleus of  fibroblasts in the 
granulation tissue became flat. Proliferation of  collagen fibers was 
also evident. Likewise, the stratified squamous epithelial lining 
became thicker. Capillaries in the granulation tissue also increased 
at its peak (Figure 3-f, g). At 6 months, there were continuous 
growth in the granulation tissue, increased collagen fibers, more 
fibroblasts with more conspicuous flat nucleus and scattered 
lymphocytes. However, capillaries have slightly decreased.

IHC shows that, at 2 weeks, long and spindle in shape cells with 
spindle shape nucleus as well as vascular endothelial cells were 
positive to GFP. In addition, multinucleated giant cells in the area 
of  alveolar bone resorption were also positive to GFP (Figure 
3-d). At 1 month, many GFP-positive cells were present in the 
periodontal polyp underneath the perforation. At 3 months, the 
spindle-shaped cells and polygonal cells were also positive to GFP. 
Furthermore, the epithelial layer was negative to GFP and the cells 
exhibited regular morphology (Figure 3-h). However, some GFP-
positive cells, having irregular cytoplasm in shape, were observed. 
GFP-positive reaction was continuously detected at 6 months. 
GFP-positive cells were detected as early as 2 weeks and then 
an increase in expression was noted at 1 month. Nevertheless, 
no further increase was observed thereafter. The cells inside the 
capillary were not clear but their expression of  CD31 made them 
discernible. The most number of  capillaries was observed at 3 
months. 

Accidental perforation of  floor of  the dental pulp is contingent 
during endodontic treatment. Various conventional dental 
materials have been used to seal the perforation but not all 
prognoses were certainly good. Oka et al., [20] used rat to observe 
the response of  periodontal tissue at the furcation associated 
with medullary pulpal perforation. In a similar study, Imaizumi 
et al., [21] discussed the enlargement of  inflammatory lesion at 
the furcation. Other animal studies presented the formation of  
inflammatory lesion as a consequence of  perforation of  the floor 
of  the pulp chamber. Kudo et al., [22] and Ishida et al., [23] as 
well as other numerous researches showed the histopathological 
analysis and treatment following perforation at the furcation area. 
A detailed histopathological examination by Nakamura et al., 
[27] showed the continuous growth of  granulation tissue in the 
periodontal ligament. Moreover, to separate and distinguish the 

periodontal polyp from the growth of  the pulp tissue is difficult. 
Although previous studies have been made, the focus was just 
on histopathological examination and the origin of  the cellular 
components of  the granulation tissue at the furcation was not 
mentioned. 

Recently, the role of  undifferentiated mesenchymal cells derived 
from bone marrow has been widely studied to play a role in 
periodontal tissue, bone and in other organs. By using bone 
defect, cementoblast and fibroblast-like cells were produced in 
the periodontal ligament and alveolar bone by undifferentiated 
mesenchymal cells from the bone marrow [28-30]. Since GFP 
transgenic mice expressed the protein, all cells that constitute 
the tissue and even those that differentiated into any cell from 
transplanted bone marrow-derived cells can be traced because they 
carry the protein [31, 32]. Thus, the study used an experimental 
system using GFP mice and induced perforation of  floor of  the 
dental pulp of  maxillary left first molar. With the development of  
the lesion at the furcation, the origin of  the cellular component 
responsible for the growth of  the periodontal polyp was clarified.

Results showed that at 2 weeks, inflammatory cells such as 
neutrophils were present in response to the physiological 
mechanism of  the periodontal tissue. This was followed by 
the increase in the fiber component of  the granulation tissue 
as the number of  inflammatory cells decreased. Experimental 
perforation of  floor of  the dental pulp in mice caused a slight 
initial suppurative inflammation leading to granulation tissue 
growth due to gradual chronic inflammation. Similar results were 
observed from previous experiment [29].

Cells having spindle-shaped nucleus, blood vessels and 
multinucleated giant cells in areas of  bone resorption immediately 
below the perforation were positive to GFP. Moreover, GFP-
positive cells were also spotted to have infiltrated the epithelium, 
although there were no positive cells in the epithelium. Therefore, 
the cells are considered to be dendritic cells. Thus, it would 
also be reasonable to consider that the cells were derived from 
mesenchymal cells of  the bone marrow. In order to identify the 
GFP-positive cells, double FIHC staining for each marker was 
performed.

Figure 3. (1) 2-week-specimen. a: Micro CT image; b: Histopathological view of  thesame part of  a, Scale bar=200μm;         
c: Enlarged view of  b, Scale bar=100μm; d: IHC for GFP, Scale bar=100μm.

(2) 3-month-specimen. e: m_CT image; f: Histopathological view of  the same part of  a, Scale bar=200μm; g: Enlarged view 
of  h, Scale bar=100μm; d: IHC for GFP, Scale bar=100μm.
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Cell Differentiation of  Bone Marrow-derived 
Cells into PDL-Specific Cells in Periodontal 
Inflammatory Lesions

In our above animal study, immunofluorescence double staining 
of  GFP and S100A4 from 2 weeks to 6 months showed GFP-
positive cells with green fluorescence in long spindle-shaped 
cells with spindle-shape nucleus (Figure 4-a) and S100A4 was 
also detected in cell outline in red fluorescence (Figure 4-b). 
Superimposition of  both proteins was confirmed in areas where 
orange stain was found (Figure 4-c). Superimposition in the nucleus 
was also captured by the orange color with blue fluorescence at 
periphery of  the nucleus. Immunofluorescence double staining 
of  GFP and Runx 2 showed both spindle cells with round nucleus 
and elongated cells in the granulation tissue were positive to GFP 
emitting green fluorescence (Figure 5-a) and Runx2 was also 
detected in the outline of  the cells in red fluorescence (Figure 
5-b). During superimposition, a match between the two proteins 
was observed indicated by the orange stain (Figure 5-c). Further 

superimposition with DAPI showing blue fluorescence in the 
nucleus showed orange stain at the periphery of  the nucleus.

Therefore, in our examination results, Runx2-positive and 
GFP-positive cells that developed an orange stain indicated 
superimposition of  the two proteins. A significant increase in 
superimposition was observed from 2 weeks to 1 month then 
decreased at 3 months. The superimposition at 6 months indicated 
the reaction of  both Runx2-positive cells and GFP-positive cells. 
However, there were many cells only stained individually by GFP. 
Both GFP and CD31 were clearly expressed by cells in the blood 
vessels. GFP expression in the cytoplasm of  vascular endothelial 
cells was marked by green fluorescence (Figure 6-a) and CD31 
positive reaction was marked by red fluorescence (Figure 6-b). 
Superimposition of  the two proteins was least at 2 weeks (Figure 
6-c). At 1 month, an increase in both CD31 and GFP-positive 
cells was observed.

Muraoka et al., [25] and Kaneko et al., [26] strongly suggested that 

Figure 5. FIHC images of  periodontal polyp(arrows indicate the double positive cells) (a: GFP; b: Runx2; c: merged image 
of  GFP and Runx2; 2 week specimen; scale bar=20μm).

Figure 4. FIHC images of  periodontal polyp (arrows indicate the double positive cells) (a: GFP; b: S100A4; c: merged image 
of  GFP and S100A4; 2 week specimen; scale bar=20μm).
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fibroblasts originated from the migration and differentiation of  
bone marrow cells to the periodontal ligament when experimentally 
induced. In order to identify the fibroblasts, S100A4 and Runx2 
were used since there is no perfect marker for fibroblasts [33-35]. 
The expression of  S100A4 in periodontal ligament was reported 
to be blocking the calcification in periodontal ligament [36]. 
However, Saito et al., [37] and Watanabe et al., [38] mentioned 
that periodontal ligament fibroblast is different from the ordinary 
fibroblast in homeostasis where in Runx2 is weakly expressed. 
Many spindle cells with spindle nucleus were positive to S100A4. 
These cells were also positive to GFP, which means that these 
cells were undifferentiated mesenchymal cells that migrated and 
differentiated into fibroblasts. Runx2 was examined and a number 
of  spindle shaped cells with spindle shaped nuclei were both 
positive to GFP and Runx2. Thus, these cells were derived from 
transplanted-bone marrow cells, which later on differentiated into 
local periodontal ligament fibroblasts. Moreover, the fibroblast-
like cells that were positive to both S100A4 and Runx2 were 
derived from the bone marrow.

Sakai et al., [39] observed the reaction of  granulation tissue 
from foreign substances in the body and a portion of  the 
fibroblasts and capillary endothelial cells were revealed to be 
bone marrow-derived mesenchymal cells. Immunostaining with 
CD31, a marker of  endothelial cells showed positive reaction in 
vascular endothelial cells, which also showed positive reaction to 
GFP. Therefore, some of  the capillaries were obtained from the 
migration and differentiation of  undifferentiated mesenchymal 
cells from the bone marrow cells. Similar observation was also 
mentioned by Sakai et al., [39] in which chronic inflammation 
and angiogenesis progressed constantly not only due to the 
local endothelial cell proliferation but also probably due to the 
continuous the migration of  mesenchymal cells from the bone 
marrow. The data shown by this review is our experiment result 
[13, 40].

From the above results and overall consideration, fibroblasts, 
periodontal ligament fibroblasts and blood vessels are essential in 
the growth of  periodontal polyp due to perforation on the floor 
of  the pulp chamber. Furthermore, the osteoclasts observed on 
the surface of  the alveolar bone beneath the perforation originated 

from transplanted bone marrow cells.

Conclusion

In the review, we overviewed mainly our recent experimental 
model studies. Regarding the experimentally induced chronic 
apical periodontitis (alveolar abscess), the granulation tissue 
with fibrosis gradually formed at the periphery of  an abscess. 
Next, experimentally induced periodontal polyp, proliferation 
of  fibroblasts with some round cells and blood vessels in the 
granulation tissue were evaluated. Double immunofluorescent 
staining results suggest that fibroblasts, periodontal ligament 
fibroblasts and blood vessels in granulation tissue were derived 
from transplanted-bone marrow cells. Thus, essential growth 
of  granulation tissue in periodontal polyp was caused by the 
migration of  undifferentiated mesenchymal cells derived from 
bone marrow, which differentiated into fibroblasts and later on 
differentiated into other cells in response to injury.
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