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ABSTRACT 

 

Alveolar Bone Resorption Induced by CD4+CD45RB 
High-Density T-Cell Transfer in Immunocompromised 

Mice  
 
 

Bo-Kyoung Kim, D.D.S., M.S. 
 

Department of Dental Science 
The Graduate School, Yonsei University  

 
(Directed by Professor Chang-Sung Kim D.D.S., Ph.D.) 

 

 

Objectives: The aims of this study were to determine whether the antigen-

inexperienced [naive, CD45RB high density] T-cell (CD4+CD45RBHigh T-cell) transfer 

model is associated with alveolar bone resorption, to elucidate the local 

osteogenic/adipogenic potential of alveolar bone marrow stromal cells (ABCs) from 

T-cell-transferred animals, and to investigate the systemic osteogenic potential by 

transplanting human periodontal ligament stem cells (hPDLSCs) into these animals. 

Materials and Methods: CD4+CD45RBHigh and CD4+CD45RBLow [antigen-experienced 

(memory, CD45RB low density)] T cells were sorted and transferred into severe 
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combined immunodeficiency (SCID) mice to induce inflammatory-bowel-disease 

(IBD)-like syndrome (n = 8). hPDLSCs were transplanted into T-cell-transferred SCID 

mice to examine ectopic cementum formation 8 weeks after T cell transfer. The 

mandibles and tibias of these mice were retrieved for micro-computed tomography 

(micro-CT), histomorphometric analysis, and isolation of alveolar bone cells 16 weeks 

after T cell transfer. The in vitro osteogenic and adipogenic potentials of the ABCs 

were evaluated. 

Results: Histological and micro-CT analysis revealed that the transfer 

ofCD4+CD45RBHigh T-cell subset was sufficient for alveolar bone resorption and 

affected the osteogenic/adipogenic potential of ABCs. Furthermore, it was found 

that CD4+CD45RBHigh T cell-transferred animals have decreased systemic osteogenic 

potential, as evidenced using the in vivoectopic hPDLSC transplantation model. 

Conclusion: CD4+CD45RBHigh T-cell transfer induced both alveolar bone resorption 

and reduced systemic osteogenic potential, with a concomitant down regulation of 

the osteogenic potential of ABCs. 

 

 

 

 
Key words: CD4-Positive T-Lymphocytes, Inflammatory Bowel Diseases, Alveolar 

Bone Loss
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Ⅰ. INTRODUCTION 

The gastrointestinal tract contains a huge population of resident bacteria 

and is in constant inflammation state of inflammation controlled by 

immunoregulation.1 CD4+ T cells play a critical role in this complex immune 

response, and functionally or phenotypically distinct subsets of these cells 
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develop naturally in order to elaborately control the homeostasis of various 

immune responses.2,3 Various cell-surface markers can be used to identify 

these cells, with CD45 being one of the most well-established markers. CD45 

is a transmembrane protein tyrosine phosphatase that is strongly involved in 

T-cell activation. The density of CD45 on T cells identifies functionally distinct 

subsets with either pathological or non-pathological activity. There are 

various isoforms of CD45, including CD45RA, CD45RB, and CD45RO.4-7 

CD45RA is present on antigen-inexperienced (naive) T cells, and is 

transformed into CD45RO on antigen-experienced (memory) cells.8 

Meanwhile, CD45RB has been used to identify memory [CD45RB low density, 

CD45RBLow] T cells and naive (CD45RB high density, CD45RBHigh] T cells.3,9 

Interestingly, the transfer of CD4+CD45RBHigh T cells from normal donors 

to T-/B-cell-deficient, severe combined immunodeficiency (SCID) mice 

disrupts T-cell homeostasis, and involves the differential activation of T 

Helper-1 (TH1) cells responding to intestinal bacterial antigens, which 

ultimately develops into an inflammatory bowel disease (IBD)-like syndrome 

that is characterized by inflammatory cell infiltrates, epithelial cell 

hyperplasia, and ulceration at 6–8 weeks after T-cell transfer.10-13 This 

preclinical model for IBD has been considered the prototypical and best-
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characterized model to study chronic colitis. 

Surprisingly, it has been demonstrated that IBD concomitantly appears to 

reduce the skeletal bone mass and increase risk of developing 

osteoporosis.14-17 This notion can be understood in the context of a potential 

link between inflammation and bone loss.18-20 The underlying mechanism has 

yet to be elucidated, but it is assumed that decreased circulating parathyroid 

hormone or the presence of tumor necrosis factor α (TNF-α) may play a 

central role.21 

Periodontal disease is one of the chronic inflammatory diseases 

commonly induced by bacterial infection, and it has been repeatedly 

associated with various systemic diseases including cardiovascular diseases,22 

diabetes mellitus23 and rheumatoid arthritis,24,25 as well as systemic bone loss, 

or osteoporosis.26 The etiologies of the associations between these diseases 

remain unclear, but the systemic inflammatory burden appears to be the 

main underlying factor. In this context, the authors postulated that the 

transfer of naïve T cells into SCID mice would affect the alveolar bone 

metabolism and potentially result in alveolar bone resorption as in T cell 

transfer colitis model. Furthermore, this model can be used to investigate the 

role of inflammation in the association between periodontal and systemic 
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diseases. 

The aims of this study were to determine whether the CD4+CD45RBHigh T-

cell transfer model is associated with alveolar bone loss, to elucidate the local 

osteogenic/adipogenic potential of alveolar bone marrow-derived stromal 

cells from T-cell-transferred animals, and to assess the systemic osteogenic 

potential by transplanting human periodontal ligament (PDL) stem cells 

(hPDLSCs) into these animals. 
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Ⅱ. MATERIALS AND METHODS 

 

T-cell Isolation and Cell Activation 

Spleens from 5-week-old ICR male mice (n = 10) were isolated and minced gently 

using a filter(40-μm strainer; BC Biosciences San Jose, CA, USA) in α-minimum 

essential medium(α-MEM; Gibco, Carlsbad, CA, USA) using the head of a syringe. 

After centrifugation at 300×g for 10 minutes, the cells were resuspended in 

phosphate buffered saline (PBS) containing 0.5% bovine serum albumin (BSA; Gibco). 

They were then filtered again and centrifuged twice (300×g for 10 minutes each) 

using PBS and α-MEM, respectively. CD4+ T cells were isolated using a CD4+ T-cell 

isolation kit via magnetic bead-labeling and separation (MACS; Miltenyi Biotec, 

Auburn CA, USA), by first depleting the sample of CD4+ T cells and then positively 

selecting for CD4+CD45+ T cells as CD4+CD45RBHigh T cells and negatively selecting for 

CD4+CD45RBLow T cells according to the manufacturer’s instructions. The isolated 

cells were activated using CD3 antibodies(Santa Cruz Biotechnology, Santa Cruz, CA, 

USA) for 3 hours. 

 

Induction of IBD-Like Disease 

IBD was induced in SCID mice by injecting 2.6×107 CD4+CD45RBHigh or 
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CD4+CD45RBLow T cells twice into the tail vein: at the initiation point and 2 weeks 

thereafter; the control group received injections containing normal saline.27 

Experiments were performed on total 8 animals; CD4+CD45RBHigh (n = 3), 

CD4+CD45RBLow (n = 3), and control (n = 2). 

 

Isolation of hPDLSCs 

hPDLSCs were isolated and cultured according to previously reported protocols.28 

Briefly, human premolars extracted from six systemically healthy adults at the 

Department of General Dentistry, Dental College, Yonsei University, Seoul, Korea for 

orthodontic reasons were used under approved guidelines set by the Institutional 

Review Board, College of Dentistry, Yonsei University. The PDL tissues were separated 

from the root surface and were minced. The minced PDL tissues were digested five 

times at 30-min intervals in α-MEM containing 2 mg/ml collagenase type I(WAKO, 

Tokyo, Japan)  and 1 mg/ml dispase at 37°C. Single-cell suspensions were obtained 

by passing the cell-containing medium through a strainer with a pore size of 

70 µm(BD Labware, USA). The resulting cells (5×105) were seeded onto T75 cell 

culture dishes containing a growth medium of α-MEM supplemented with 15% FBS, 

100 µM l-ascorbic acid 2-phosphate, 2 µM l-glutamine, 100 U/ml penicillin, and 

100 µg/ml streptomycin, and incubated at 37°C in 5% CO2. Single-cell colonies were 

observed and passage (P)0 cells were cultured. Cells at P3–P5 were used. 
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Transplantation of hPDLSCs into Immunocompromised Mice and Histological 

Examination 

Eight weeks following the T cell transfer, hPDLSCs (6.0×106) were precultured for 

1.5 h mixed with particles of 80 mg of hydroxyapatite/tricalcium phosphate ceramic 

[macroporous biphasic calcium phosphate (MBCP)](Biomatlante, Vigneux, France) 

before transplantation 37°C in 5% CO2 as described previously.29 The carriers loaded 

with hPDLSCs were transplanted subcutaneously into the dorsal region of T cell 

transferred SCID mice. Animal selection, management, and surgical procedures 

followed a protocol approved by the Animal Care and Use Committee, Yonsei 

Medical Center, Seoul, Korea. 

 

Necropsy 

Mice were euthanized by CO2 asphyxiation 8 weeks after the hPDLSC transfer 

(total 16 weeks following the T cell transfer). Transplants were harvested, fixed with 

4% formalin, decalcified with buffered 5% EDTA (pH 7.2–7.4), and then embedded in 

paraffin. Sections were cut at a thickness of 5 µm, mounted onto glass slides, 

deparaffinized, and then stained with hematoxyline & eosin (H&E), Masson 

trichrome and Picro Sirius. Also, immunohistochemical staining was performed 

against human mitochondria. New cementum regeneration in vivo was analyzed 

histometrically using Image-Pro software, as described previously.30 Tibias and the 

left mandibular jaws were harvested and assayed using micro computed tomography 
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or prepared for histological examination according to standard procedures. The right 

mandibular jaws were used for in vitro analysis. 

 

Area of Trabecular Bone of Tibia by Micro-Computed Tomography 

Tibias were harvested from the animals and analyzed using ex vivo micro-

computed tomography by a micro-CT scanner(model 1076a, Skyscan) at 100 kV and 

100 µA utilizing a 0.5 aluminium filter and a detection pixel size of 18 µm. Briefly, 

cross-sectional images were obtained and semiautomated contouring was used to 

select a region of interest. The proximal tibia was scanned to measure trabecular 

bone, scanned images were reconstructed using SkyscanNRecon software(NRecon 

v1.6.6.0, Skycan) and analyzed using the Skyscan CT analysis software(CT Analyser 

v1.8.1.4, Skycan. The area of trabecular bone within the outlining cortical bone was 

manually measured and compared between groups. 

 

Analysis of Alveolar Bone Resorption by Micro-Computed Tomography  

The left mandibles of the sacrificed animals were analyzed by micro-computed 

tomography(micro-CT; SkyScan, SCANCO USA, Southeastern, PA, USA) using a slightly 

modified version of a previously published protocol25. The CEJ and marginal bone 

crest were drawn manually with the aid of three-dimensional image reconstructions. 

Alveolar bone resorption was measured as the exposed root surface area between 

the CEJ and the alveolar bone crest. 
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Analysis of Alveolar Bone Resorption by Histomorphometry 

For histology, the left mandibular jaws were fixed in 4% paraformaldehyde and 

then decalcified with 10% EDTA (pH 8.0) for paraffin embedding. The paraffin-

embedded samples were deparaffinized, hydrated, and step-serial sectioned in the 

buccolingual vertical plane at a thickness of 5 µm. The sections were stained with 

H&E. The central-most sections of the two molars were selected based on the width 

of the root canal and used for the histological and histometric analysis. One 

experienced examiner performed the histopathologic evaluations of the tissue 

specimens in a blinded fashion with the aid of light microscopy(Olympus multiview 

microscope BH2, Olympus, Tokyo, Japan) and a PC-based image-analysis 

system(Image-Pro Plus; Media Cybernetics, Silver Spring, MD, USA). The following 

parameters, modified from a previous report31  were analyzed: 

1. Cementoenamel junction (CEJ) to cementum – the distance from the CEJ to 

the top of the remaining cementum on the root surface. 

2. CEJ to bone crest – the distance from the CEJ to the top of the alveolar bone 

crest. 

 

Alveolar Bone Marrow Stromal Cell Isolation 

Alveolar bone marrow stromal cells (ABCs) were isolated from the right 

mandibular jaws of each group and cultured, as described previously.30 ABCs formed 

adherent colonies after approximately 3–7 days of culture. Primary cultures were 
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passed to disperse the colony-forming cells at P1. ABCs at P3–P5 were used for the 

experiments. 

 

Induction of Osteogenic Differentiation 

ABCs from each group were cultured and induced for osteogenic and adipogenic 

differentiation. Cells (P5) were seeded into 35-mm culture dishes at 1×105 cells/well, 

and cultured until they reached a subconfluent stage. The culture medium for 

osteogenic differentiation comprised α-MEM(Gibco) containing 20% FBS, 2 µM l-

glutamine, 100 µM l-ascorbic acid 2-phosphate, 10 nM dexamethasone, 2 mM β-

glycerophosphate, 55 µM 2-mercaptoethanol(Amersco, Solon, OH, USA), 100 U/ml 

penicillin, and 100 µg/ml streptomycin, and was refreshed at 3-day intervals. The 

culture medium for adipogenic differentiation comprised α-MEM containing 15% FBS, 

2 mM l-glutamine, 100 µM l-ascorbic acid 2-phosphate, 0.5 mM isobutyl-

methylxanthine, 60 µM indomethacin, 0.5 µM hydrocortisone, 10 µM insulin, 

100 U/ml penicillin, and 100 µg/ml streptomycin. After 2 weeks (adipogenic 

differentiation) or 4 weeks (osteogenic differentiation) of induction, the cells were 

stained with Oil Red O stain and Alizarin red, respectively. The induction of each 

differentiation type was evaluated by measuring the areas of mineralized nodule and 

lipid vacuoles using an automated image-analysis system. 
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Statistical Analysis 

Student’s t-test was used to analyze the statistical significance of differences 

between two groups. Multiple comparisons were made using analysis of variance 

(ANOVA) and post-hoc t-tests. The level of statistical significance was set at P < 0.05. 
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Ⅲ. RESULTS 

 

Bone Area Measurement of Trabecular Bone of Tibia by Micro-CT Analysis 

Micro-CT analysis was performed on tibias harvested from SCID mice in which 

with either CD4+CD45RBHigh or CD4+CD45RBLow was injected, and cross-sectional 

views were produced (Fig. 1A). The control (non-IBD) group exhibited a relatively 

dense trabecular bone pattern within the thin cortical bone lining. The trabecular 

patterns appeared closely interconnected. The CD4+CD45RBLow group exhibited a 

minimal change in bone density in comparison to the control group. Conversely, the 

CD4+CD45RBHigh group exhibited significantly decreased bone density and extended 

areas of bone marrow spaces. The trabecular bone pattern appeared significantly 

limited. The measured bone area of trabecular bone was significantly lower in the 

CD4+CD45RBHigh group than in the other two groups (Fig. 1B) (P<0.05). 

 

Micro-CT and Histological Analyses of Alveolar Bone Resorption 

Micro-CT analysis revealed that the root-surface exposure was significantly 

greater in the CD4+CD45RBHigh than in the control group and the CD4+CD45RBLow 

group, and there were no statistically significant differences between the control 

group and the CD4+CD45RBLow group (Fig. 2)(P<0.05).  

In histology, the control group exhibited pristine periodontal anatomy with intact 
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alveolar bone, normal PDL spaces, and proper periodontal attachments (Fig. 3A). 

Pristine cementum tissue was covered over the root dentin with well-inserted 

Sharpey’s fibers. Conversely, the CD4+CD45RBHigh group exhibited extensive alveolar 

bone resorption, and the distance between the CEJ and the alveolar bone crest was 

significantly increased and there were no statistically significant differences between 

the control group and the CD4+CD45RBLow group (P<0.05; Fig. 3B). Higher-

magnification views revealed that inflammatory cells had infiltrated the connective 

tissues and PDL space. PDL space appeared to be widened in comparison to the 

control group. There was no statistically significant difference between 

CD4+CD45RBLow group and the control group in this regard. 

 

Osteogenic and Adipogenic Differentiation of ABCs 

The osteogenic and adipogenic differentiation activities of ABCs were 

analyzed in isolated ABCs in vitro. Osteogenic differentiation activity was 

significantly lower in the CD4+CD45RBHigh group compared to the 

CD4+CD45RBLow and control groups. A reciprocal relationship between 

osteogenic and adipogenic differentiation activity was found for each group 

(Fig. 4). Adipogenic activity was significantly higher in both the 

CD4+CD45RBHigh and CD4+CD45RBLow groups than in the control condition, 

and was highest in the CD4+CD45RBHigh group. Interestingly CD4+CD45RBLow 
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showed the three-fold increase in ostegenic potential than control group. 

 

Analysis of Cementum Regeneration after in vivo Ectopic Transplantation of 

hPDLSCs 

Evaluation of the in vivo ectopic transplantation model indicated the presence of 

cementum-like mineralized tissue formation along the surface of the MBCP particles 

in control, CD4+CD45RBHigh, and CD4+CD45RBLow groups (Fig. 5A). In general, the 

newly formed cementum-like tissue appeared thicker especially in the area of 

concavities of MBCP particles. Also highly frequent insertion of Sharpey’s fiber-like 

tissues into the cementum-like tissues were observed in polarized light microscope 

which is a characteristics of regenerated tissue by hPDLSCs28. Cementoblast-like cells 

were entrapped in some of the mineralized tissues. Conversely, the cementum-like 

tissue along the surface of MBCP particles in CD4+CD45RBHigh group appeared thinner 

compared to the that of control group, and the fiber insertion seemed to be minimal. 

The mineralized tissues in CD4+CD45RBLow group appeared thicker that of 

CD4+CD45RBHigh and a number of cementoblast-like cells were entrapped within. The 

Immunohistochemical staining confirmed that the newly formed mineralized tissue 

was originated from the transplanted human PDLSCs. Image analysis revealed that 

cementum formation was significantly lower in the CD4+CD45RBHigh and 

CD4+CD45RBLow group than control group (Fig. 5B) 
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Ⅳ. DISCUSSION 

In the present study we postulated that the well-established T-cell transfer 

model of IBD using CD4+CD45RBHigh T cells would compromise both alveolar bone 

metabolism and that of the systemic skeleton, and that it may eventually induce 

alveolar bone resorption. It was found that the CD4+CD45RBHigh cell subset was 

sufficient for the induction of alveolar bone resorption, as assessed by histological 

and micro-CT analysis, and affected the osteogenic/adipogenic potential of ABCs in 

vitro. Furthermore, in an in vivo ectopic transplantation model using 

hPDLSCs,CD4+CD45RBHigh-transferred animals exhibited decreased systemic 

osteogenic potential. 

Numerous studies have demonstrated either a direct or indirect association 

between inflammatory disease and systemic/local bone loss.18,20,32 The present 

authors also have previously demonstrated alveolar bone resorption induced by the 

experimental arthritis model in mice, and suggested that the increased osteoclastic 

activity, decreased bone-forming activity, and enhanced adipogenesis promoted 

alveolar bone resorption.25 A notable finding was that the presence of inflammation 

in arthritic joints can somehow affect the alveolar bone metabolism at sites distant 

from those joints, and it was assumed that the immune system or inflammatory 

cytokines could play a significant role. However, it is very difficult to investigate the 

impact of localized inflammation on the manifestation of specific diseases at distant 
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sites. As such, the model used in the present study is ideal for studying the potential 

role of T-cell-mediated regulation in IBD-induced alveolar bone resorption. 

Various theories have been proposed to explain the mechanism underlying the 

extraintestinal manifestation of IBD. Malabsorption or nutritional factors were 

suspected as primary contributing factors33, but it was later determined that they 

were not.34,35 It was then proposed that continuing inflammation leads to the 

resorption of calcified bone matrix, which in turn increases the serum calcium level, 

causing a reduction in circulating parathyroid hormone via homeostatic mechanisms 

to prevent further increases in serum calcium21. Another proposal was that the 

presence of TNF-α causes osteoclast-mediated bone resorption induced by receptor 

activator of nuclear factor-κBligand36. From the results of the present study, it can be 

assumed that the decreased osteogenic and up-regulated adipogenic potentials of 

ABCs play additional roles in alveolar bone resorption.  

Previous reports had shown that IBD appears to be associated with periodontal 

diseases in humans37,38, and severe periodontal disease has been observed in IBD 

patients39,40. Although the underlying mechanism is not clearly elucidated, 

nonspecific immunity may play a role between these two diseases41 and increased 

defective chemotaxis with neutrophil abnormalities were observed in IBD patients 

presenting periodontal diseases37,40. The results from the present study also 

proposes that the change of alveolar bone metabolism may play another role in 
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extraintestinal manifestation of IBD, however, further studies are warranted to 

clearly elucidate the pathogenic link between periodontal diseases and IBD. 

When transferred into immunodeficient animals, naïve CD4+ T cells become 

strongly activated to induce several autoimmune disorders including colitis42. This 

induction model of experimental colitis by T-cell transfer is based on a complex TH1-

driven process, and there is evidence that CD45RB expression levels are correlated 

with cytokine production by T cells43-45. For instance, CD4+CD45RBHigh T cells 

preferentially produce proinflammatory or TH1-type cytokines, including interleukin 

(IL)-2, interferon-γ and TNF-α,44 while CD4+CD45RBLow T cells produce TH2-type 

cytokines such as IL-4.43,45 Once activated, T cells then migrate to the spleen and 

lymph nodes where they proliferate extensively. Finally, the disease has both 

systemic and local manifestations, with an increase in serum levels of 

proinflammatory cytokines and the development of severe colitis.42 Since this T-cell 

transfer model induces colitis in a predictable manner, with high incidence of 

diseases in all major strains of mice, it has become a very popular model.13  

As mentioned above, CD4+CD45RBHigh T cells from an untreated murine donor 

(CD45RCHigh in the rat) are capable of causing clinical manifestations of colitis,5,6 

diabetes,4 and thyroiditis.7 Interestingly, CD4+CD45RBHigh T cells have been shown to 

cause autoimmunity, while the reciprocal CD4+CD45RBLow T cells not only failed to 

induce the disease themselves, but even prevented the induction of the disease via 
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other mechanisms.5-7,10,11,46 The cells responsible for this phenomenon have been 

identified as regulatory T cells, which are enriched within the CD4+CD25+ subset47 

and appear to down-regulate the immune responses for both foreign and self-

antigens to suppress autoimmune disorders induced by the transfer of 

CD4+CD45RBHigh T cells.48 In the present study, transfer of CD4+CD45RBLow T cells did 

not appear to have exterted a significant effect on either the tibial bone density or 

alveolar bone resorption. 

One limitation of this study is that the T-cell-transfer colitis model neglects the 

role of B cells, which are also known to play important role in the pathophysiology of 

periodontal diseases.49 Plasma cells are the most common cell type in well-

established periodontitis lesions, with B cells comprising about 18%, a proportion 

that is larger than that of T cells.50 However, an attempt has been made to develop a 

new model of colitis using athymic nude mice in which the roles of TH2-type cells and 

B cells in a regulatory T-cell-depleted condition can be investigated.51 Using athymic 

nude mice model, role of B cells in periodontal diseases and systemic relationship 

can be further investigated in the future studies. 

The main hypothesis in the development of periodontitis has been that specific 

microorganisms initiate and drive the immunoinflammatory processes, which then 

destroy periodontal tissue.52 However, it has now been clearly established that in 

addition to bacterial invasion, the inflammatory immune reaction of the host is 
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responsible for most of the tissue destruction that occurs in periodontitis.53 

Collectively, based on the results of the present study, it appears clear that 

immunologic regulation is a key factor in the homeostasis of alveolar bone 

metabolism, and that the triggering of generalized inflammation by wasting diseases 

such as IBD can potentially induce alveolar bone resorption. 
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V. CONCLUSION 

CD4+CD45RBHigh T-cell transfer can induce both alveolar bone resorption and 

osteoporosis, with a concomitant decrease in the osteogenic potential of ABCs. The 

data obtained in this study also suggest that the systemic osteogenic potential is 

decreased in the ectopic bone formation model. 
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FIGURE LEGENDS 

Figure 1.Bone density in the tibias of SCID mice with IBD-like disease (induced by 

injection of either CD4+CD45RBHigh or CD4+CD45RBLow T cells) as evaluated using 

micro-CT at a detection pixel size of 18 µm. 

A) Trabecular pattern was distinctively reduced in CD4+CD45RBHigh group in 

crosssectional and vertical views. (scale bar=1mm)  

B) The measured area of trabecular bone was significantly decreased in in 

CD4+CD45RBHigh group. The CD4+CD45RBLow group did not show any significant 

difference from the control group. (*:P<0.05) 

 

Figure 2.Results of micro-CT analysis. 

A) Three-dimensional representation of the mandible showing increased alveolar 

bone resorption in the CD4+CD45RBHigh group (black arrowhead).  

B) The exposed root surface area was measured and quantified in graph form. The 

CD4+CD45RBHigh group showed statistically significant difference in comparison to 

the control group and CD4+CD45RBLow group. (*:P<0.05) 

 

Figure 3.Results of histomorphometric analysis. 

A) Histological images of the periodontium including the mandibular teeth are 

illustrated. The CD4+CD45RBHigh group shows distinctive resorption of alveolar bone. 

Each inset box represents the area shown in the higher magnification.  
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B) The distance between the CEJ and the alveolar bone crest and the apical end of 

cementum was measured and illustrated. The CD4+CD45RBHigh group showed 

statistically significant difference in comparison to the control group and 

CD4+CD45RBLow group, and there were no statistically significant differences among 

other groups. (*:P<0.05) 

 

Figure 4.Osteogenic and adipogenic differentiation of ABCs. 

A) Mineralized nodules and lipid vacuoles were observed in cultured ABCs by 

osteogenic and adipogenic medium.  

B) The measured area of mineralized nodules and lipid vacuoles revealed that 

osteogenic potential was significantly decreased in CD4+CD45RBHigh group while it 

was significantly enhanced in CD4+CD45RBLow group. Area of lipid vacuoles was 

significantly greater in CD4+CD45RBHigh group. Statistically significant difference was 

observed among all groups. (*:P<0.05) 

 

Figure 5.Ectopic transplantation model for hPDLSCs into immunodeficient, T-cell-

transferred mice and the analysis of cementum-like tissue regeneration. 

A) Transplanted hPDLSCs formed mineralized cementum-like tissue along the 

HA/TCP particles in all groups. Cell-free transplant did not show any cementum 

regeneration (data not shown). Red arrowheads indicate newly formed cementum-

like tissue and white arrowheads show insertion of Sharpey’s fibers-like tissues into 

the newly formed mineralized tissues. Black arrowheads indicate positively stained 
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cells against human Mitochondria. (H&E: scale bar= 200 μm, Masson trichrome; 

scale bar= 100 μm, Picro Sirius and polarized light microscope (P/M)= 5 μm)  

B) The area of cementum regeneration was measured and there was significant 

decrease in CD4+CD45RBHigh group and CD4+CD45RBLow group in comparison to 

control group. (*:P<0.05) 
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ABSTRACT (IN KOREAN) 

 

CD4+CD45RBHigh T 면역세포를 처치한 면역억제 마우스에서 

치조골 흡수 양상에 관한 연구 

 

<지도교수 김 창 성> 

 

연세대학교 대학원 치의학과  

 

김   보   경 

 

목적: 본 연구의 목적은 T 면역세포가 치조골 흡수 양상에 미치는 영향을 

CD4+CD45RBHigh T 면역세포를 처치한 실험 모델을 통하여 관찰하고, 치조골수 

유래 줄기세포(alveolar bone marrow stromal cell)의 골형성능과 지방세포 

형성능을 평가하며, T 면역세포에 대한 사람 치주인대 유래 줄기 

세포(hPDLSC)의 골 형성능에 대하여 연구하고자 한다. 
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재료 및 방법: 면역억제 마우스 (severe combined immunodeficiency (SCID) 

mice)에 CD4+CD45RBHigh T 면역세포와 CD4+CD45RBLow T 면역세포를 각각 

처치하여 실험 동물에 염증성 장 질환 (inflammatory-bowel-disease(IBD)-like 

syndrome)을 유발시켜 관찰하였다. 이소성 백악질의 형성을 관찰하기 위하여 T 

면역세포 처치 후 8주가 되었을 때, 실험 모델에 사람 치주인대 유래 

줄기세포를 이식하였다. 실험 동물의 하악골과 경골을 micro-CT를 사용하여 

관찰하였으며, 조직계측학적으로 분석하였다. T 면역세포 처치 16주 후에 

치조골세포를 추출한 뒤, in vitro 실험 연구를 통하여, 치조골수 유래 줄기세포의 

골형성능과 지방세포 형성능을 관찰하였다. 

 

결과: 조직학적 및 micro-CT 분석 결과, CD4+CD45RBHigh T 면역세포를 처치한 

면역억제 마우스에서 치조골 흡수량이 증가하였고, 치조골수 유래 줄기세포의 

골형성능과 지방세포 형성능이 감소하였다. T 면역세포 처치 모델에 사람 
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치주인대 유래 줄기세포를 이식한 후, 사람 치주인대 유래 줄기세포의 골 

형성능이 감소하는 양상을 확인하였다. 

 

결론: CD4+CD45RBHigh T 면역세포에 의해, 치조골수 유래 줄기세포의 골 

형성능이 하향 조절됨으로써, 전반적으로 치조골 흡수가 증가하고, 골 형성능이 

감소하는 결과를 나타냈다. 

 

 

 

핵심되는말: CD4-Positive T-Lymphocytes, Inflammatory Bowel Diseases, 

Alveolar Bone Loss 


