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ABSTRACT

Expression of mimecan in the periodontal ligament tissue 

as a novel factor related with hypothermic tooth 

preservation

(Directed by Prof. Seung-Jong Lee, D.D.S.,M.S.D.,Ph.D.)

Department of Dentistry, 

Graduate School, Yonsei University

Jaehyun Jo, D.D.S.

Recent research suggests that there could be factors other than just viability of 

periodontal ligament (PDL) cells, which are related to delayed replantation of teeth.

Hence, assessing changes in the components of the PDL tissue of extracted and preserved 

teeth under various storage conditions may be an important step in discovering the factors 

associated with delayed replantation. The aim of this study was to uncover factors 

responsible for PDL regeneration, by two-dimensional differential gel electrophoresis (2-
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D DIGE), a state-of-the-art quantification technology for two-dimensional gel proteomics.

Four extracted teeth were immersed in the conservative solution that consisted of 1.0 L 

of Hartmann’s solution and 1.0 g of flumoxef sodium, immediately after extraction, and 

were categorized into the following groups: tissue sampling (fresh), tissue sampling after 

storage for a week (1-week storage), and tissue sampling after storage for 2 weeks (2-

week storage). PDL tissues were collected from the mid-third area of the tooth root, using 

periodontal curette, and stored according to the period of the assigned group. Next, 2-D 

DIGE was performed. The spots with a higher density for the 1- and 2-week storage 

groups, compared with those in the fresh group, were selected and identified by liquid 

chromatography mass spectrometry (LC-MS). The mascot algorithm was used to identify 

peptide sequences present in the protein sequence database.

Twenty-five spots were selected for mass spectrometry analysis, excluding three

overlapping spots and five spots that were not detected in prep gel. Two spots were 

identified as mimecan, which is related to tooth regeneration. Another two spots were 

identified as alpha-1 collagen VI, which is related to extracellular matrix. The remaining

two spots were identified as annexin A5 and complement 9, related to the apoptotic 

pathway of cell death.

The results indicate that mimecan and type VI collagen play a positive role in PDL

tissue repair. However, further research is necessary to confirm this.

Keywords: Periodontal ligament, Delayed replantation, Proteomics, Mimecan
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Expression of mimecan in the periodontal ligament tissue 

as a novel factor related with hypothermic tooth 

preservation

(Directed by Prof. Seung-Jong Lee, D.D.S.,M.S.D.,Ph.D.)

Department of Dentistry, 

Graduate School, Yonsei University

Jaehyun Jo, D.D.S.

I. Introduction

The periodontal ligament (PDL) is a highly specialized connective tissue situated 

between the tooth and the alveolar bone, and plays an important function in connecting 

the tooth to the jaw firmly enough to withstand the considerable forces of mastication 

(Nanci, 2008). The PDL tissue consists of cementoblasts along the root surface, 

osteoblasts along the bone surface, and osteoclasts or odontoblasts involved in bone or 
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root resorption. Fibroblast is the principal cell type for the said tissue. Macrophages, 

undifferentiated mesenchymal cells, and epithelial cells, which are remnants of the 

epithelial root sheath (the epithelial rests of Malassez), are present in PDL (Hand and 

Frank, 2014). Fibroblasts produce extracellular matrix (ECM)/ground substance, which is 

a medium for cells of the connective tissue to be embedded and are essential for efficient 

functioning of the connective tissue. The principal fibers are the most important elements 

of PDL and are primarily composed of Type I collagen. The ground substance is made of 

glycosaminoglycans (e.g., hyaluronic acid), proteoglycans, and glycoproteins (fibronectin 

and laminin) (Reddy, 2008). 

Viability of PDL cells is one of the most important factors in the success of tooth 

replantation (Andreasen et al., 1995; Andreasen and Kristerson, 1981). However,  

viability tends to decrease in case of avulsion, intentional replantation, or transplantation 

of the tooth, and exposure to vulnerable environment outside the socket. Tremendous 

efforts have been made to maintain the viability of PDL cells during replantation of 

avulsed tooth, intentional replantation, and tooth transplantation (Andreasen et al., 1995; 

Loe and Waerhaug, 1961). Most research dealing with the potential ability of 

reattachment or regeneration of PDL focused on the viability of periodontal cells of the 

stored teeth (Hupp et al., 1997; Kim et al., 2007; Patel et al., 1994).

Various successful cases of delayed replantation, under the condition that the survival of 

periodontal ligament cells could not be expected in general, have been reported. In one 

case, successful replantation of the tooth post 5 hours of storage was reported (Koca et al., 

2010). In another case, the tooth was successfully replanted and sustained for 2 years 
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despite 3 hours of storage under dry conditions before replantation (Ravi et al., 2013). 

Lee et al. reported an overall survival rate of 66.4% from retrospective analysis of 27 

cases of intentionally delayed replantation of periodontally hopeless teeth (Lee et al., 

2014). They also showed reduction of alveolar bone loss, three months after replantation 

in survival group. These reports suggest that there may be factors other than the viability 

of the PDL cells that could be related to delayed replantation of teeth. 

Assessment of the change in the components of the PDL tissue of extracted and 

preserved teeth under various storage conditions could be an important beginning in the 

discovery of factors associated with delayed replantation. Recent work that assessed 

change in the adhesion molecules of PDL of immediately extracted teeth and preserved 

teeth suggested vimentin to be a novel factor associated with replantation success (Cho, 

2014). Cho separated the proteins by two-dimensional electrophoresis (2-DE) and 

identified them by matrix-assistant laser desorption and ionization time-of-flight mass 

spectrometry (MALDI-TOF MS). Vimentin is a member of type III intermediate 

filaments that play an important role in maintaining cellular integrity and resistance to

mechanical stress (Clarke and Allan, 2002; Coulombe et al., 2000; Evans, 1998). 

Two-dimensional differential gel electrophoresis (2-D DIGE) is a state-of-the-art 

quantification technology for differential display of two-dimensional gel proteomics, 

and has higher sensitivity and statistical confidence compared to conventional 2-DE 

(Lilley and Friedman, 2004; Wu et al., 2009). Previous study attempting to discover 

factors associated with success of tooth replantation applied conventional 2-DE method

(Cho, 2014), and suggested that levels of some proteins related to regeneration increased 
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during tooth preservation. Therefore, the aim of this study was to uncover novel factors 

contributing to regeneration of PDL. To this end, we performed 2-D DIGE to investigate

novel proteins that were expressed in PDL tissue of teeth stored in conservative solution.
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II. Materials & Methods

Experimental procedures

Five patients scheduled for the extraction of four premolars at the Department of 

Orthodontics, Yonsei University Dental Hospital were enrolled in the study. Written 

informed consent was obtained from each participant. The study was approved by the 

Institutional Review Board of Yonsei University Dental Hospital, Seoul, Korea (IRB # 2-

2013-0033).

Each procedure related to the study, including tooth extraction and tissue sampling, was 

performed by a single operator of the Department of Conservative Dentistry, Yonsei 

University Dental Hospital. The teeth were immersed in the conservative solution 

consisting of 1.0 L of Hartmann’s solution (JW Pharmaceutical Corporation, Seoul, Korea) 

and 1.0 g of flumoxef sodium (Flumarin®, Ildong Pharmaceutical Co., Ltd., Seoul, Korea) 

immediately after the extraction. They were then randomly divided into four groups 

according to the storage conditions, as described below.

1) No storage: immediate tissue sampling (fresh group)

2) Storage in the conservative solution at 4˚C for a week (1-week storage group)

3) Storage in the conservative solution at 4˚C for two weeks (2-week storage group)

4) Storage under dry condition for a week (dry group)
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The conservative solution was replaced daily in applicable groups. PDL tissue was

collected from the mid-third area of the tooth root using periodontal curette, after the 

predefined storage period of the assigned group. They were then stored in 1.5-ml tubes

under liquid nitrogen .

2-D DIGE

For protein separation, we performed 2-D DIGE. Each procedure was performed in dark. 

The samples were pooled (50 ㎍ of each sample) and internal standards were cross-

labeled with 400 pmol each of Cy3, Cy5, and Cy2 Dye (GE Healthcare). After quenching, 

labeled samples were combined, rehydrated, and isoelectrically focused on 24-cm 

Immobiline DryStrip pH 3–10NL (GE Healthcare). The IPG strips were reduced and

alkylated in a single step by incubating in tributylphosphine equilibration buffer (6 M 

Urea, 2% SDS, 30 mM Tris, 20% glycerol, 2.5% acrylamide solution, and 5 mM 

tributylphosphine), and finally separated in the second dimension by SDS-PAGE 

(9~16%). The Cy Dye-labeled gels were scanned on a Typhoon 9400 scanner (GE 

Healthcare) according to manufacturer’s recommended excitation/ emission wavelengths. 

The gel images were analyzed using DeCyder 2-D analysis software version 6.5.11 (GE 

Healthcare). Gel-spot matching and statistical analysis were carried out using the 

biological variance analysis module. A spot was accepted as statistically significant if its 

p value was less than 0.05 and if it had a cut-off ratio greater than ±1.5-fold.
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Selection of the spots to be identified

The spots whose densities were greater than twice prominent in 1-week storage and 2-

week storage groups, compared with the fresh group, were selected based on an 

assumption that levels of beneficial proteins increase in hypothermic conservative 

solution. The spots near the area where collagen species were detected in a prior study

(acidic and high molecular weighted area) were also selected, and were thought to be 

related to ECM (Cho, 2014).

Liquid Chromatography Mass Spectrometry (LC-MS)

LC-MS was performed to analyze the protein spots for each sample. Nano LC-MS/MS 

analysis was performed with an Easy n-LC (Thermo Fisher San Jose, CA, USA) and a 

LTQ Orbitrap XL mass spectrometer (Thermo Fisher, San Jose, CA, USA), equipped with 

a nanoelectrospray source. Samples were separated on an A C18 nanobore column (150 

mm × 0.1 mm, 3 μm pore size; Agilent). The mobile phase A for LC separation was 0.1% 

formic acid, 3% acetonitrile in deionized water and the mobile phase B was 0.1% formic 

acid in acetonitrile. The chromatography gradient was designed for a linear increase from 

5% B to 30% B in 23 min, 30% B to 60% B in 3 min, 95% B in 3 min, and 3% B in 6 

min. The flow rate was maintained at 1500 nL/min. Mass spectra were acquired using 

data-dependent acquisition with a full mass scan (350–1200 m/z), followed by 10 MS/MS 

scans. For MS1 full scans, the orbitrap resolution was 15,000 and the AGC was 2 × 105. 

For MS/MS in the LTQ, the AGC was 1 × 104. 
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Database Searching

The mascot algorithm (Matrixscience, USA) was used to identify peptide sequences 

present in a protein sequence database. Database search criteria were: taxonomy, Homo 

sapiens (downloaded JUN 19 2015); fixed modification, carbamidomethylated at cysteine 

residues; variable modification, oxidized at methionine residues; maximum allowed 

missed cleavage, 2; MS tolerance, 10 ppm; MS/MS tolerance, 0.8 Da. The peptides were 

filtered with a significance threshold of p<0.05.
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III. Results

PDL tissues from 20 teeth harvested from five patients were collected in this study. Five 

samples were randomly allocated to each experimental group. The dry group was excluded 

from the analysis because the samples allocated in the group were probably contaminated.

2-D DIGE and image analysis

Merged images of fresh and 1-week storage groups, 1- and 2-week storage groups, 2-

week storage and dry groups, and dry and fresh groups showed a relatively similar pattern 

of spot distribution, which confirmed that the procedures for sampling and analysis were 

reliable (Figure 1).

Spot selection

First, 13 spots near the area where collagen species were detected in a previous study 

(Table 1; Figure 2), and 20 spots that were more than twice prominent in 1- and 2-week 

storage groups compared with the fresh group (Table 2) (Figure 3), were selected for 

identification. Among a total of 30 spots, except for three overlapping spots (spot number 

12, 13, and 16), five spots (spot number 16, 118, 124, 1049, and 2426) were excluded

because they were not detected in prep gel. Finally, 25 spots were selected for mass 

spectrometry analysis.   
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Figure 1. Representative merged images of 2D-DIGE for A) fresh and 1-week storage groups, 

B) 1- and 2-week storage groups, C) 2-week storage and dry groups, and D) dry and fresh 

groups.
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Table 1. List of the spots located near the area where collagen species was detected. 

Spot number

1-week storage / fresh 2-week storage / fresh

p-value Ratio p-value Ratio

12 0.0027 2.13 0.011 1.43

13 0.0022 2.55 0.01 1.57

14 0.00086 1.87 0.0043 1.37

15 0.038 1.76 0.14 1.3

16 0.01 3.11 0.028 1.96

20 0.018 1.85 0.054 1.43

118 0.12 1.53 0.048 1.55

124 0.025 1.67 0.0033 1.96

136 0.29 1.35 0.24 1.38

148 0..049 1.37 0.021 1.52

185 0.17 1.83 0.12 2.19

189 0.19 1.37 0.18 1.49

197 0.036 1.44 0.055 1.42

p-values were calculated from t-test.
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Table 2. List of the spots that were more than twice prominent in 1- and 2-week storage 

groups, compared with those in the fresh group.

Spot number

1-week storage / fresh 2-week storage / fresh

p-value Ratio p-value Ratio

1046 0.0017 2.67 0.0061 2.47

1061 0.0017 2.19 0.0068 2.1

1100 0.00058 2.56 0.00089 2.46

1105 0.01 2.98 0.013 2.91

1140 0.0038 2.91 0.0043 2.62

1232 0.011 3.3 0.0033 4.53

1299 0.0071 3.47 0.0036 5.59

2420 0.00075 6.14 0.00085 8.57

2421 0.00079 7.03 0.00057 9.6

2426 0.015 4.14 0.2 4.03

2504 0.02 2.63 0.015 3.26

2508 0.012 2.05 0.0062 2.71

2509 0.0034 3.11 0.0037 4.89

2511 0.02 2.88 0.01 4.46

2512 0.0028 4.17 0.00036 5.61

2531 0.00058 3.99 0.0053 3.84

2532 0.012 2.07 0.011 2.45

p-values were calculated from t-test.

Spot number 12, 13, and 16, that overlapped with the spots near collagen (Table 1) were omitted 

from this list.
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Figure 2. Spots located near the area where collagen species was detected. 
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Figure 3. Spots that were more than two times prominent in 1- and 2-week storage groups, 

compared with those in the fresh group.
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Spot identification

The results of spot identification are described in Table 3. The proteins identified in six 

spots (spot # 14, 15, 1105, 1299, 2531, and 2532), which had two or more matches of 

peptides in the Mascot search algorithm, were considered noteworthy; excluding 11 spots 

that possibly originated from contamination of the samples (shroom-related protein), and 

eight spots that matched only one peptide in the database (Figure 4). Among them, 

mimecan was a noteworthy protein expressed in the PDL of the teeth preserved in 

conservative solution.
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Table 3. Results of spot identification

Spot number GI number Name of protein

12 18652859 Shroom-related protein

13 18652859 Shroom-related protein

14 30030 Alpha-1 collagen VI

15 30030 Alpha-1 collagen VI

20 18652859 Shroom-related protein

136 440575811 Alternative protein CSF2RB

148 None None

185 435476 Cytokeratin 9

189 440575811 Alternative protein CSF2RB

197 47132620 Keratin, type II cytoskeletal 2 epidermal

1061 435476 Cytokeratin 9

1100 18652859 Shroom-related protein

1105 7661704 Mimecanpreprotein

1140 18652859 Shroom-related protein

1232 18652859 Shroom-related protein

1299 809185 Annexin a5

2420 18652859 Shroom-related protein

2421 18652859 Shroom-related protein

2504 311614 Dermatopontin

2508 28336 Actin, cytoplasmic 1-related

2509 18652859 Shroom-related protein

2511 18652859 Shroom-related protein

2512 18652859 Shroom-related protein

2531 7661704 Mimecanpreprotein

2532 2258128 Complement 9
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Figure 4. Representative images of significant proteins on the prep gel. Co: alpha-1 Collagen 

VI, c9: complement 9, M: mimecan preprotein, A: annexin a5.
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IV. Discussion

We detected a significant increase of mimecan levels in stored teeth, which had not even 

been reported as a component of the periodontal ligament so far. This result implies that 

mimecan could be a by-product of the tooth preservation process. Mimecan, also known 

as osteglycin, is a member of the small leucine-rich proteoglycan (SLRP) family, which

has an important role as a structural protein and is a component of network signal 

regulation (Schaefer and Iozzo, 2008). It was initially isolated as a truncated form from 

bovine bone, and subsequently characterized as one of the three major keratin sulfate-

containing proteoglycans in the cornea (along with lumican and keratocan) (Funderburgh 

et al., 1997; Madisen et al., 1990). Increased diameter of collagen fibril in the cornea and 

skin is caused by lack of mimecan, as was shown in mimecan-deficient mice (Tasheva et 

al., 2002). Proteomic analysis of human dentin revealed that the immunoreactivity of 

mimecan was more intense than that in the human mandibular bone, which indicates its 

higher activity in dentin, possibly owing to its role in regulating collagen fibrillogenesis

(Park et al., 2009). The previous and our results suggest that mimecan could be a novel 

factor related with intentionally delayed replantation of periodontally hopeless teeth.

Recent research on developmental changes of proteins related with tooth development

reported that mimecan, along with dentin sialophosphoprotein (Dspp), matrix 

extracellular phosphoglycoprotein (Mepe), and versican, was involved in the early and 

late stages of odontogenesis (Hou et al., 2012). Therefore, the observed increase of 
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mimecan levels in the PDL of preserved teeth could be due to requirement of its activity 

for PDL regeneration during teeth preservation. This might explain delayed replantation 

of the tooth. 

We also detected significant increase in type VI collagen level in stored teeth, similar to 

a previous study (Cho, 2014). Type VI collagen is a major structural component of 

microfibrils and oxytalan fibers of PDL and is involved in cell adhesion (Everts et al., 

1998). Increased synthesis of type VI collagen was also reported for orthodontic tooth 

movement, along with collagen I, III, and V (Bumann et al., 1997). Therefore, increased 

collagen levels could be indicative of healing or regeneration. However, research that 

compared erupted and erupting PDL in rodent showed that removal of type VI collagen 

preceded the remodeling process, facilitating tooth eruption (Sloan et al., 1993). 

The annexins are a family of membrane-binding proteins that share structural properties 

and biological activity associated with membrane-related processes (Gerke et al., 2005). 

Annexin A5 has an extracellular presence besides being localized intracellularly, and

binds with high affinity to membranes bearing phosphatidylserine. Annexin A5 has been 

investigated as a molecular imaging agent to detect apoptotic cells expressing 

phosphatidylserine (Boersma et al., 2005). Hence, its increased expression in our study

might represent increased apoptotic activity of PDL for stored teeth. This conclusion 

might also be supported by the increased presentation of complement 9 that forms a 

complex with complement 5b (c5b-9 complex), leading to apoptosis (Rus et al., 2001). 
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As mentioned earlier, this study was performed as an extension of the research 

performed by Cho (Cho, 2014). Novel factors related to the regenerating activity of the 

preserved tooth could be identified by 2-D DIGE. The highlight of the current study is the

suggestion of a factor that could be directly related to the regeneration of periodontal 

ligament, compared to the original. Cho suggested that ECM related proteins could be 

important factors of successful tooth replantation, as they might have a role in scaffolding. 

Meanwhile, mimecan plays an important role in a network signal regulation, and is 

related to odontogenesis (Hou et al., 2012; Schaefer and Iozzo, 2008). These findings and

previous studies suggest that mimecan is a factor directly affecting PDL regeneration. 

Further research clarifying the role of mimecan in PDL regeneration is necessary.

Our research had a few limitations. Firstly, we did not assess the regenerating activity 

directly. Instead, we compared the results of proteomic analysis of PDL tissues obtained 

from tooth stored under various conditions, based on the assumption that the factors 

related to PDL regeneration would increase during teeth preservation. Secondly, we have 

not confirmed the results in a mimecan-knockout model of teeth replantation. 
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V. Conclusion

Mimecan and type VI collagen were significantly upregulated in the PDL tissue of 

preserved teeth compared to those in the fresh sample, indicating increased PDL

regeneration during preservation of tooth. This result may be related to the favorable 

outcome reported in few cases of intentionally delayed replantation of periodontally 

hopeless teeth. Further research is required to overcome the obstacles to the survival of 

preserved tooth, such as denaturation of various proteins and ECM.
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Abstract (in Korean)

저온 치아 보관과 관련된 유의한 인자로서의

치주인대조직에서의 mimecan의 발현

연세대학교 대학원 치의학과

조 재 현

(지도교수 이 승 종)

최근의 연구들은 치주인대 세포의 생존 외에도 성공적인 지연된 치아 재식과

관련된 다양한 요인들이 있음을 시사한다. 따라서 발치된 치아의 다양한 보존

상태에 따른 치주인대 조직 성분의 변화를 파악하는 것은, 성공적인 지연된

치아 재식과 관련된 요인 탐색의 중요한 시작이라 할 수 있겠다. 본 연구의

목적은 발거된 치아를 1주 또는 2주 동안 외부 조건에 보관 했을 때 나타나는

치주인대 내의 단백질 변화를 보기 위하여 최신의 정량 기술인 2-dimensional 

differential gel electrophoresis (2-D DIGE)을 이용하여 보관된 치아의 치주인대

내의 단백질을 분석하는데 있다..

교정 목적으로 발거된 소구치 4개를 Hartmann’s solution 1.0 L 에 Flumoxef 

sodium 1.0 g 을 섞은 용액에 저장 후, 즉시 조직 채취군, 1주 보관 후
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조직채취군 및 2주 보관 후 조직채취군으로 분류하였다. 지정된 보존 기간 경과

후 치근 중앙부위의 치주인대를 채취하여 1.5ml 튜브에 넣어 액화질소에

보관하였으며, 2-D DIGE 방법을 적용하여 전기영동을 시행하였다. 즉시

채취군에 비해 1주 혹은 2주 보관군에서 유의하게 증가한 단백질 스팟을 Liquid 

Chromatography Mass Spectrometry (LC-MS) 방법을 이용하여 분석하였으며 Mascot 

알고리즘을 이용하여 단백질 서열 탐색을 하였다.

총 33개의 단백질 스팟이 탐색되었는데, 이 중 중복된 3개, prep gel에

발현되지 않은 5개를 제외한 25개의 단백질 스팟이 분석되었다. 이 중 2개의

스팟은 치아 재생과 연관이 있을 것으로 추정되는 mimecan으로, 2개의 스팟은

세포외기질(extracellular matrix)과 연관이 있는 것으로 알려진 alpha-1 collagen VI 

으로, 나머지 2개는 세포자멸사와 관련이 있을 것으로 보이는 annexin a5와

complement 9으로 파악되었다.

이상의 결과로 볼 때 장기 보관된 치아의 치주인대 조직의 치유에 증가된

mimecan과 type VI collagen이 긍정적으로 작용하는 것이 아닌가 추측되나, 이의

입증을 위하여는 더 많은 연구가 필요할 것으로 사료된다.

핵심이 되는 말: 치주인대, 지연 재식, 단백체, 미메칸


