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ABSTRACT 

 

Analysis of proteome and transcriptome expressions 

in periodontal ligament tissue  

of preserved teeth for replantation 

 

Sin-Yeon Cho D.D.S. 

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

 

Discovering the influencing factors on the result of delayed replantation will contribute 

to reattach extracted tooth to its alveolar socket and save natural teeth. As the first step of 

investigation work, it is meaningful to figure out the change of components such as 

adhesion molecules in periodontal ligament tissue. Therefore, the purpose of this study 

was to investigate and compare the expressions of proteome and transcriptome in 

periodontal ligament tissue of extracted and stored teeth under various conditions, and to 

find possible contributing components to reattachment and regeneration of periodontal 

ligament. 

Volunteers were recruited from patients who were scheduled to have 4 premolars 

extracted in the Department of Orthodontics. Extracted teeth were immersed into storage 



solution composed of 1.0 L Hartmann’s solution and 1.0 g of Flumarin, and instantly 

divided to 4 groups – 1) Immediate sampling, 2) 1 week storage and sampling, 3) 2 

week storage and sampling and 4) 1 week dry storage under room temperature and 

sampling. Periodontal ligament tissues were collected from the middle-third area of the 

root with periodontal curette, put into a 1.5 ml tube and stored in liquid nitrogen. Two-

dimensional electrophoresis was carried out. The gel image was scanned in a Bio-Rad 

densitometer and analyzed with Image Master Platinum 5.0 image analysis program. The 

protein spots that sustained under hypothermic storing solution and decreased under dry 

storage were firstly selected and identified with MALDI-TOF MS Matrix-Assistant 

Laser Desorption and Ionization Time-of-Flight Mass Spectrometry). Secondly, the 

adjacent spots around an interesting protein spot were additionally analyzed to confirm 

the protein’s isoforms. The acquired data were searched in Mascot Database of human 

protein. One way analysis of variance (ANOVA) was applied to compare the protein 

quantity between 4 groups and Bonferroni test was used in the post hoc comparisons. 

Twenty seven spots were firstly selected by suggested conditions. Vimentin was 

identified in 11 spots and located closely in left middle area on 2-DE gels. Then eight 

spots around 11 Vimentin spots were secondly analyzed. Five spots were identified as 

Vimentin. Total 16 Vimentin spots showed gradual decreasing from immediate groups to 

2 week stored groups and rapid decreasing to dry groups in protein quantity. Only dry 

group was significantly different from immediate group. 



Three spots were identified as type VI collagen and located upper left area on 2-DE 

gels. 

Immediate sampling group and 1 week stored group were analyzed and compared 

using RNeasy mini kit. PCR array for human extracellular matrix and adhesion molecules 

revealed that LAMA1, CTGF and THBS1 were significantly over-expressed in 1 week 

stored group over immediate group, and MMP9, SPP1 and ITGB3 were significantly 

under-expressed in 1 week stored group over immediate group. 

Vimentin and type VI collagen which sustained in stored group can contribute to 

reattachment and regeneration in periodontal ligament with regard to collagen production. 

Laminin, CTGF and thrombospondin which induce tissue proliferation were up-regulated 

in 1 week stored group, and matrix metallopeptidase, secreted phosphoprotein and 

integrin which are known to be related to tissue degradation were down-regulated in 1 

week stored group. These proteome and transcriptome could work in regeneration of 

periodontal ligament and further research to validate their role and function should be 

done. 
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I. Introduction 

The periodontal ligament is a highly specialized connective tissue connecting the root 

cementum with the tooth socket bone, and consists of cells and an extracellular 

compartment. Periodontal ligament cells include osteoblasts, osteoclasts, fibroblasts, 

epithelial cell rests of Malassez, macrophages, undifferentiated mesenchymal cells and 



cementoblasts (Nanci, 2003). Fibroblasts are the principal cells in periodontal ligament  

and synthesize extracellular matrices including collagen fibers and nonfibrillar 

glycoproteins (Nanci, 2003). The extracellular compartment consists mainly of well-

defined collagen fiber bundles embedded in an amorphous background material, known 

as ground substance (Nanci and Bosshardt, 2006). Type I collagen constitutes 78~85% of 

total collagens in the periodontal ligament (Becker et al., 1986). Two major components 

of ground substance in periodontal ligament are glycosaminoglycans such as 

proteoglycan and hyaluronic acid and glycoproteins like fibronectin and laminin (Nanci, 

2003). 

Vimentin is well-known protein as a member of type III intermediate which provide 

cellular integrity and resistance against mechanical stresses (Clarke and Allan, 2002; 

Coulombe et al., 2000; Evans, 1998). Vimentin binds to and stabilize collagen mRNAs, 

and increases type I collagen production (Challa and Stefanovic, 2011), which is major 

type of collagens in periodontal ligament. However, there have been no reports of 

Vimentin in periodontal ligament. 

The teeth fallen out of the socket due to avulsion, intentional replantation or 

transplantation are at risk because periodontal ligament cells are exposed to vulnerable 

circumstances outside of socket. The presence of intact and viable periodontal ligament 

cells on the root surface is one of the most important factors for the success of tooth 

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

investigators made tremendous efforts to maintain periodontal ligament cells viable by 

reducing extraoral time or using storing solution during replantation of avulsed tooth 



(Andreasen et al., 1995), intentional replantation (Loe and Waerhaug, 1961) and 

transplantation. And, up to now, most researchers investigated the viability of periodontal 

ligament cells of stored teeth to evaluate the potential ability of reattachment or 

regeneration of periodontal ligament (Hupp et al., 1997; Kim et al., 2007; Patel et al., 

1994).  

When the patient arrives at dental clinic late with avulsed teeth, tooth replantation is 

unintentionally delayed. The periodontal ligament with extraoral dry time over 60 

minutes is regarded necrotic and not expected to heal. The expected outcome of this 

situation may be ankylosis and followed by resorption of the root and the tooth will be 

lost eventually (Andersson et al., 2012). Extraoral time could be intentionally extended in 

the cases of intentional delayed replantation. Most extensive periodontal destructions 

with apical involvement are regarded as periodontally hopeless state because of the 

limited stability of the tooth and difficulty to access for instrumentation. As a last resort, 

intentional delayed replantation can be tried, which is extraction of periodontally hopeless 

teeth, hypothermic storage and replantation after a delay to relieve inflammation and 

provide a scaffold with woven bone formation. The tooth storage time between extraction 

and replantation for intentional delayed replantation is about 7 to 10 days in which it is 

impossible to expect periodontal ligament cells to survive. 

Although periodontal ligament cells in avulsed teeth with extraoral dry time over 60 

minutes are not anticipated to survive after replantation, the successful cases of delayed 

replantation have been reported (Koca et al., 2010; Lee et al., 2014; Ravi et al., 2013). 

Koca showed a clinical case of an 8 year old boy, who underwent an avulsion of the 



upper left central incisor and received replantation after 5 hour storage in the oral cavity. 

The clinical and radiographic findings after 2 years revealed absence of root resorption, 

ankylosis or mobility of the replanted tooth (Koca et al., 2010). In Ravi’s case, an 11 year 

old boy had the upper right first premolar avulsed and replanted in 3 hour storage under 

dry condition. The tooth showed no clinical and radiographic sign and symptoms at 2 

year follow up visit (Ravi et al., 2013). Lee et al. retrospectively studied 27 cases of 

intentional delayed replantation of periodontally hopeless teeth and the overall 

cumulative survival rate was 66.4%. The five cases revealed ankylosis and no root 

resorption were found (Lee et al., 2014). In the survival group, the height of alveolar bone 

loss assessed by radiographic analysis method (Schulte et al., 1992) was reduced from 

68.5% to 34.7% three months after replantation. These reports suggest that the presence 

of viable periodontal ligament cells may not be the only factor to predict the successful 

outcome of delayed replantation.  

Discovering the influencing factors on the result of delayed replantation will contribute 

to reattach extracted tooth to its alveolar socket and save natural teeth. As the first step of 

investigation work, it is meaningful to figure out the change of components such as 

adhesion molecules in periodontal ligament tissue of extracted and preserved teeth 

according to storing condition and time. Adhesion molecules in periodontal ligament 

were rarely researched yet. Therefore, the purpose of this study was to investigate and 

compare the expressions of proteome and transcriptome in periodontal ligament tissue of 

extracted and stored teeth under various conditions, and to find possible contributing 

components to reattachment and regeneration of periodontal ligament.  



II. Material & Methods  

 

Experimental group design and tissue sampling 

Volunteers were recruited from patients who were scheduled to have 4 premolars 

extracted in the Department of Orthodontics, Yonsei University Dental Hospital. 

Informed consent was obtained from each subject and the research protocol was approved 

by the Institutional Review Board of Yonsei University Dental Hospital, Seoul, Korea 

(IRB number : 2-2013-0033). 

All extraction and sampling procedures were performed by one operator (Dr. Sin-Yeon 

Cho) in the Department of Conservative Dentistry, Yonsei University Dental Hospital. 

Extracted teeth were immersed into storage solution composed of 1.0 L Hartmann’s 

solution (JW Pharmaceutical Corporation, Seoul, Korea) and 1.0 g of Flumarin (Ildong 

Pharmaceutical Co., Ltd., Seoul, Korea), and instantly divided to 4 groups according to 

storage method and time described below. Storage solution was replaced every day. 

1) Immediate sampling 

2) 1 week storage and sampling 

3) 2 week storage and sampling 

4) 1 week dry storage under room temperature and sampling 



Periodontal ligament tissues were collected from the middle-third area of the root with 

periodontal curette, put into a 1.5 ml tube and stored in liquid nitrogen. 

 

Two-dimensional electrophoresis (2-DE) 

2-DE was carried out essentially as described. Aliquots in sample buffer (7 M urea, 2 

M thiourea, 4.5% CHAPS, 100 mM DTE, 40 mM Tris, pH 8.8) were applied to  

immobilized pH 3–10 nonlinear gradient strips (Amersham Biosciences, Uppsala, 

Sweden). Isoelectric focusing (IEF) was performed at 80,000 Vh. The second dimension 

was analyzed on 9–16% linear gradientpolyacrylamide gels (18 cm 6 20 cm 6 1.5 mm) at 

constant 40 mA per gel for approximately 5 h. After protein fixation in 40% methanol and 

5% phosphoric acid for 1 h, the gels were stained with CBB G-250 for 12 h. The gels 

were destained with H2O, scanned in a Bio-Rad (Bio-Rad laboratories, Richmond, CA) 

GS710 densitometer and converted into electronic files, which were then analyzed with 

Image Master Platinum 5.0 image analysis program (Amersham Biosciences, Uppsala, 

Sweden). 

 

Spot selection for identification 

We presumed that some beneficial protein would sustain under hypothermic storing 

solution and would decrease under dry storage. Therefore, for the first identification we 

selected the spots fulfilling the conditions as below. 



1) The ratio 1w storage / immediate = 0.5 ~ 2.0 

2) The ratio 2w storage / immediate = 0.3 ~ 2.0 

3) The ratio dry storage / immediate = 0 ~ 0.3 

The adjacent spots around the spots which had been identified as interesting protein in 

the first identification were secondly analyzed to confirm the protein’s isoforms. 

 

Matrix-Assistant Laser Desorption and Ionization Time-of-Flight Mass 

Spectrometry (MALDI-TOF MS) 

For MALDI-TOF MS analysis, the peptides were concentrated by a POROS R2, Oligo 

R3 column (Applied Biosystems, Fostercity, CA, USA). After washing the column with 

70% acetonitrile , 100% acetonitrile and then 50mM ammonium bicarbonate, samples 

were applied to the R2, R3 column and eluted with cyano-4-hydroxycinamic acid (CHCA) 

(Sigma, St. Louis, MO) dissolved in 70% acetonitrile and 2% formic acid onto the 

MALDI plate (Opti-TOF™ 384-well Insert, Applied Biosystems, CA, USA) (Choi et al., 

2003). MALDI-TOF MS was performed on 4800 MALDI- TOF/TOF™ Analyzer 

(Applied Biosystems, CA, USA) equipped with a 355-nm Nd:YAG laser. The pressure in 

the TOF analyzer is approximately 7.6e-07 Torr. The mass spectra were obtained in the 

reflectron mode with an accelerating voltage of 20 kV and sum from either 500 laser 

pulses and calibrated using the 4700 calibration mixture (Applied Biosystems, CA, USA). 

Mascot Database Search  



Database search criteria were, taxonomy, homo sapiens, fixed modification; 

carboxyamidomethylated (+57) at cysteine residues; variable modification; oxidized (+16) 

at methionine residues, maximum allowed missed cleavage, 1, MS tolerance, 100 ppm. 

Only peptides resulting from trypsin digests were considered.  

 

Adhesion Protein PCR array 

Immediate sampling group and 1 week stored group were analyzed and compared 

using PCR array kit. PCR array was executed 3 times for statistical analysis. 

Total RNA was isolated from periodontal ligament cells using the RNeasy mini kit 

(Qiagen, Hilden, Germany). RNA (2 μg) was then converted to cDNA using RT2 first 

strand kit (SABiosciences, Frederick, MD). The cDNA is mixed with a RT2 SYBR Green 

ROX qPCR Master Mix (SABiosciences, Hilden, Germany), and this mixture (25 μl) is 

aliquoted into the wells of RT2 profiler PCR array (PAHS-022A, Human Adhesion 

Proteins and Receptors, SABiosciences, Hilden, Germany) for quantitative mRNA 

expression analysis of 84 human adhesion proteins and their receptors. The gene related 

proteins and their receptors are listed in Table 1 and 2. Quantitative real-time PCR 

analysis was conducted using 7300 Real Time PCR system (Applied Biosystems, CA, 

USA). The thermocycler parameters were 95oC for 10 min, followed by 40 cycles of 95oC 

for 15 sec and 60oC for 1 min and data were analyzed using Web-based RT2 Profiler PCR 

Array Data Analysis Software (SABiosciences, Hilden, Germany). Reverse transcriptase 

control, cDNA control and positive PCR control were within the accepted range. The 



cycle threshold (C1) was defined as 35 for the C1 calculation. The mRNA expression 

of each gene was normalized using the expression of GAPDH, beta 2-microglobulin, 

hypoxanthine phosphoribosyl-transferase 1, ribosomal protein L13a and beta-actin as 

housekeeping genes. Changes in gene expression of periodontal ligament cells were 

expressed as fold-change using the comparative C1 method.  

 

Statistical analysis 

  Statistical analyses were performed using SPSS 21.0 software for Windows (SPSS Inc., 

Chicago, IL, USA). One way analysis of variance (ANOVA) was applied to compare the 

protein quantity between 4 groups and Bonferroni test was used in the post hoc 

comparisons. Student’s t-test was performed to analyze the statistical difference between 

groups in PCR array experiment. In all analyses, the level of significance was set at 0.05 

level. 

  



Table 1. Gene layout of RT2 Profiler PCR array for human extracellular matrix and 

adhesion molecules (PAHS-013Z) 

 

Table 2. Detailed information of RT2 Profiler PCR array for human extracellular matrix 

and adhesion molecules (PAHS-013Z) 

Position Unigene GeneBank Symbol Description Gene Name 

A01 Hs.643357 NM_006988 ADAMTS1 ADAM metallopeptidase with thrombospondin type 1 motif, 1 C3-C5, METH1 

A02 Hs.131433 NM_139025 ADAMTS13 ADAM metallopeptidase with thrombospondin type 1 motif, 13 
ADAM-TS13, 
ADAMTS-13, 

C9orf8, VWFCP, 
vWF-CP 

A03 Hs.271605 NM_007037 ADAMTS8 ADAM metallopeptidase with thrombospondin type 1 motif, 8 ADAM-TS8, 
METH2 

A04 Hs.502328 NM_000610 CD44 CD44 molecule (Indian blood group) 

CDW44, CSPG8, 
ECMR-III, 

HCELL, HUTCH-
I, IN, LHR, 

MC56, MDU2, 
MDU3, MIC4, 

Pgp1 

A05 Hs.461086 NM_004360 CDH1 Cadherin 1, type 1, E-cadherin (epithelial) 
Arc-1, CD324, 
CDHE, ECAD, 
LCAM, UVO 

A06 Hs.476092 NM_003278 CLEC3B C-type lectin domain family 3, member B TN, TNA 

A07 Hs.739161 NM_001843 CNTN1 Contactin 1 F3, GP135 

A08 Hs.523446 NM_080629 COL11A1 Collagen, type XI, alpha 1 CO11A1, COLL6, 
STL2 

A09 Hs.101302 NM_004370 COL12A1 Collagen, type XII, alpha 1 
BA209D8.1, 
COL12A1L, 
DJ234P15.1 

A10 Hs.409662 NM_021110 COL14A1 Collagen, type XIV, alpha 1 UND 

ADAMTS1 
A01  

ADAMTS13 
A02  

ADAMTS8 
A03  

CD44 
A04  

CDH1 
A05  

CLEC3B 
A06  

CNTN1 
A07  

COL11A1 
A08  

COL12A1 
A09  

COL14A1 
A10  

COL15A1 
A11  

COL16A1 
A12  

COL1A1 
B01  

COL4A2 
B02  

COL5A1 
B03  

COL6A1 
B04  

COL6A2 
B05  

COL7A1 
B06  

COL8A1 
B07  

CTGF 
B08  

CTNNA1 
B09  

CTNNB1 
B10  

CTNND1 
B11  

CTNND2 
B12  

ECM1 
C01  

FN1 
C02  

HAS1 
C03  

ICAM1 
C04  

ITGA1 
C05  

ITGA2 
C06  

ITGA3 
C07  

ITGA4 
C08  

ITGA5 
C09  

ITGA6 
C10  

ITGA7 
C11  

ITGA8 
C12  

ITGAL 
D01  

ITGAM 
D02  

ITGAV 
D03  

ITGB1 
D04  

ITGB2 
D05  

ITGB3 
D06  

ITGB4 
D07  

ITGB5 
D08  

KAL1 
D09  

LAMA1 
D10  

LAMA2 
D11  

LAMA3 
D12  

LAMB1 
E01  

LAMB3 
E02  

LAMC1 
E03  

MMP1 
E04  

MMP10 
E05  

MMP11 
E06  

MMP12 
E07  

MMP13 
E08  

MMP14 
E09  

MMP15 
E10  

MMP16 
E11  

MMP2 
E12  

MMP3 
F01  

MMP7 
F02  

MMP8 
F03  

MMP9 
F04  

NCAM1 
F05  

PECAM1 
F06  

SELE 
F07  

SELL 
F08  

SELP 
F09  

SGCE 
F10  

SPARC 
F11  

SPG7 
F12  

SPP1 
G01  

TGFBI 
G02  

THBS1 
G03  

THBS2 
G04  

THBS3 
G05  

TIMP1 
G06  

TIMP2 
G07  

TIMP3 
G08  

TNC 
G09  

VCAM1 
G10  

VCAN 
G11  

VTN 
G12  

ACTB 
H01  

B2M 
H02  

GAPDH 
H03  

HPRT1 
H04  

RPLP0 
H05  

HGDC 
H06  

RTC 
H07  

RTC 
H08  

RTC 
H09  

PPC 
H10  

PPC 
H11  

PPC 
H12  



A11 Hs.409034 NM_001855 COL15A1 Collagen, type XV, alpha 1 - 

A12 Hs.368921 NM_001856 COL16A1 Collagen, type XVI, alpha 1 447AA 

B01 Hs.681002 NM_000088 COL1A1 Collagen, type I, alpha 1 OI4 

B02 Hs.508716 NM_001846 COL4A2 Collagen, type IV, alpha 2 ICH, POREN2 

B03 Hs.210283 NM_000093 COL5A1 Collagen, type V, alpha 1 - 

B04 Hs.474053 NM_001848 COL6A1 Collagen, type VI, alpha 1 OPLL 

B05 Hs.420269 NM_001849 COL6A2 Collagen, type VI, alpha 2 PP3610 

B06 Hs.476218 NM_000094 COL7A1 Collagen, type VII, alpha 1 EBD1, EBDCT, 
EBR1 

B07 Hs.740613 NM_001850 COL8A1 Collagen, type VIII, alpha 1 C3orf7 

B08 Hs.410037 NM_001901 CTGF Connective tissue growth factor CCN2, HCS24, 
IGFBP8, NOV2 

B09 Hs.656653 NM_001903 CTNNA1 Catenin (cadherin-associated protein), alpha 1, 102kDa CAP102 

B10 Hs.476018 NM_001904 CTNNB1 Catenin (cadherin-associated protein), beta 1, 88kDa CTNNB, MRD19, 
armadillo 

B11 Hs.166011 NM_001331 CTNND1 Catenin (cadherin-associated protein), delta 1 

CAS, CTNND, 
P120CAS, 

P120CTN, p120, 
p120(CAS), 
p120(CTN) 

B12 Hs.314543 NM_001332 CTNND2 Catenin (cadherin-associated protein), delta 2 (neural 
plakophilin-related arm-repeat protein) 

GT24, NPRAP 

C01 Hs.81071 NM_004425 ECM1 Extracellular matrix protein 1 URBWD 

C02 Hs.203717 NM_002026 FN1 Fibronectin 1 
CIG, ED-B, 

FINC, FN, FNZ, 
GFND, GFND2, 

LETS, MSF 

C03 Hs.57697 NM_001523 HAS1 Hyaluronan synthase 1 HAS 

C04 Hs.643447 NM_000201 ICAM1 Intercellular adhesion molecule 1 BB2, CD54, 
P3.58 

C05 Hs.644352 NM_181501 ITGA1 Integrin, alpha 1 CD49a, VLA1 

C06 Hs.482077 NM_002203 ITGA2 Integrin, alpha 2 (CD49B, alpha 2 subunit of VLA-2 receptor) 
BR, CD49B, 

GPIa, HPA-5, 
VLA-2, VLAA2 

C07 Hs.265829 NM_002204 ITGA3 Integrin, alpha 3 (antigen CD49C, alpha 3 subunit of VLA-3 
receptor) 

CD49C, GAP-B3, 
GAPB3, ILNEB, 
MSK18, VCA-2, 
VL3A, VLA3a 

C08 Hs.440955 NM_000885 ITGA4 Integrin, alpha 4 (antigen CD49D, alpha 4 subunit of VLA-4 
receptor) 

CD49D, IA4 

C09 Hs.505654 NM_002205 ITGA5 Integrin, alpha 5 (fibronectin receptor, alpha polypeptide) CD49e, FNRA, 
VLA5A 

C10 Hs.133397 NM_000210 ITGA6 Integrin, alpha 6 CD49f, ITGA6B, 
VLA-6 

C11 Hs.524484 NM_002206 ITGA7 Integrin, alpha 7 - 

C12 Hs.171311 NM_003638 ITGA8 Integrin, alpha 8 - 

D01 Hs.174103 NM_002209 ITGAL Integrin, alpha L (antigen CD11A (p180), lymphocyte function-
associated antigen 1; alpha polypeptide) 

CD11A, LFA-1, 
LFA1A 

D02 Hs.172631 NM_000632 ITGAM Integrin, alpha M (complement component 3 receptor 3 subunit) 
CD11B, CR3A, 

MAC-1, MAC1A, 
MO1A, SLEB6 

D03 Hs.436873 NM_002210 ITGAV Integrin, alpha V (vitronectin receptor, alpha polypeptide, 
antigen CD51) 

CD51, MSK8, 
VNRA, VTNR 

D04 Hs.643813 NM_002211 ITGB1 Integrin, beta 1 (fibronectin receptor, beta polypeptide, antigen 
CD29 includes MDF2, MSK12) 

CD29, FNRB, 
GPIIA, MDF2, 
MSK12, VLA-
BETA, VLAB 



D05 Hs.375957 NM_000211 ITGB2 Integrin, beta 2 (complement component 3 receptor 3 and 4 
subunit) 

CD18, LAD, 
LCAMB, LFA-1, 
MAC-1, MF17, 

MFI7 

D06 Hs.218040 NM_000212 ITGB3 Integrin, beta 3 (platelet glycoprotein IIIa, antigen CD61) 
BDPLT16, 

BDPLT2, CD61, 
GP3A, GPIIIa, 

GT 

D07 Hs.632226 NM_000213 ITGB4 Integrin, beta 4 CD104 

D08 Hs.536663 NM_002213 ITGB5 Integrin, beta 5 - 

D09 Hs.521869 NM_000216 KAL1 Kallmann syndrome 1 sequence 
ADMLX, HH1, 

HHA, KAL, 
KALIG-1, KMS, 

WFDC19 

D10 Hs.270364 NM_005559 LAMA1 Laminin, alpha 1 LAMA, S-LAM-
alpha 

D11 Hs.200841 NM_000426 LAMA2 Laminin, alpha 2 LAMM 

D12 Hs.436367 NM_000227 LAMA3 Laminin, alpha 3 
BM600, E170, 

LAMNA, LOCS, 
lama3a 

E01 Hs.650585 NM_002291 LAMB1 Laminin, beta 1 CLM, LIS5 

E02 Hs.497636 NM_000228 LAMB3 Laminin, beta 3 BM600-125KDA, 
LAM5, LAMNB1 

E03 Hs.609663 NM_002293 LAMC1 Laminin, gamma 1 (formerly LAMB2) LAMB2 

E04 Hs.83169 NM_002421 MMP1 Matrix metallopeptidase 1 (interstitial collagenase) CLG, CLGN 

E05 Hs.2258 NM_002425 MMP10 Matrix metallopeptidase 10 (stromelysin 2) SL-2, STMY2 

E06 Hs.143751 NM_005940 MMP11 Matrix metallopeptidase 11 (stromelysin 3) SL-3, ST3, 
STMY3 

E07 Hs.709832 NM_002426 MMP12 Matrix metallopeptidase 12 (macrophage elastase) HME, ME, MME, 
MMP-12 

E08 Hs.2936 NM_002427 MMP13 Matrix metallopeptidase 13 (collagenase 3) CLG3, MANDP1 

E09 Hs.2399 NM_004995 MMP14 Matrix metallopeptidase 14 (membrane-inserted) 

MMP-14, MMP-
X1, MT-MMP, 

MT-MMP 1, MT1-
MMP, MT1MMP, 

MTMMP1, 
WNCHRS 

E10 Hs.80343 NM_002428 MMP15 Matrix metallopeptidase 15 (membrane-inserted) 
MT2-MMP, 
MTMMP2, 
SMCP-2 

E11 Hs.492187 NM_005941 MMP16 Matrix metallopeptidase 16 (membrane-inserted) 
C8orf57, MMP-
X2, MT-MMP2, 

MT-MMP3, MT3-
MMP 

E12 Hs.513617 NM_004530 MMP2 Matrix metallopeptidase 2 (gelatinase A, 72kDa gelatinase, 
72kDa type IV collagenase) 

CLG4, CLG4A, 
MMP-II, MONA, 

TBE-1 

F01 Hs.375129 NM_002422 MMP3 Matrix metallopeptidase 3 (stromelysin 1, progelatinase) 
CHDS6, MMP-3, 

SL-1, STMY, 
STMY1, STR1 

F02 Hs.2256 NM_002423 MMP7 Matrix metallopeptidase 7 (matrilysin, uterine) MMP-7, MPSL1, 
PUMP-1 

F03 Hs.161839 NM_002424 MMP8 Matrix metallopeptidase 8 (neutrophil collagenase) 
CLG1, HNC, 

MMP-8, PMNL-
CL 

F04 Hs.297413 NM_004994 MMP9 Matrix metallopeptidase 9 (gelatinase B, 92kDa gelatinase, 
92kDa type IV collagenase) 

CLG4B, GELB, 
MANDP2, MMP-

9 

F05 Hs.711235 NM_000615 NCAM1 Neural cell adhesion molecule 1 CD56, MSK39, 
NCAM 

F06 Hs.376675 NM_000442 PECAM1 Platelet/endothelial cell adhesion molecule 

CD31, CD31, 
EndoCAM, 

GPIIA', PECA1, 
PECAM-1, 
endoCAM 



F07 Hs.82848 NM_000450 SELE Selectin E 
CD62E, ELAM, 
ELAM1, ESEL, 

LECAM2 

F08 Hs.728756 NM_000655 SELL Selectin L 

CD62L, LAM1, 
LECAM1, LEU8, 

LNHR, LSEL, 
LYAM1, PLNHR, 

TQ1 

F09 Hs.73800 NM_003005 SELP Selectin P (granule membrane protein 140kDa, antigen CD62) 
CD62, CD62P, 

GMP140, GRMP, 
LECAM3, 

PADGEM, PSEL 

F10 Hs.371199 NM_003919 SGCE Sarcoglycan, epsilon DYT11, ESG 

F11 Hs.111779 NM_003118 SPARC Secreted protein, acidic, cysteine-rich (osteonectin) ON 

F12 Hs.185597 NM_003119 SPG7 Spastic paraplegia 7 (pure and complicated autosomal 
recessive) 

CAR, CMAR, 
PGN, SPG5C 

G01 Hs.313 NM_000582 SPP1 Secreted phosphoprotein 1 BNSP, BSPI, 
ETA-1, OPN 

G02 Hs.369397 NM_000358 TGFBI Transforming growth factor, beta-induced, 68kDa 

BIGH3, CDB1, 
CDG2, CDGG1, 

CSD, CSD1, 
CSD2, CSD3, 
EBMD, LCD1 

G03 Hs.164226 NM_003246 THBS1 Thrombospondin 1 
THBS, THBS-1, 

TSP, TSP-1, 
TSP1 

G04 Hs.371147 NM_003247 THBS2 Thrombospondin 2 TSP2 

G05 Hs.658188 NM_007112 THBS3 Thrombospondin 3 TSP3 

G06 Hs.522632 NM_003254 TIMP1 TIMP metallopeptidase inhibitor 1 CLGI, EPA, EPO, 
HCI, TIMP 

G07 Hs.633514 NM_003255 TIMP2 TIMP metallopeptidase inhibitor 2 CSC-21K, DDC8 

G08 Hs.644633 NM_000362 TIMP3 TIMP metallopeptidase inhibitor 3 
HSMRK222, 

K222, K222TA2, 
SFD 

G09 Hs.734766 NM_002160 TNC Tenascin C 
150-225, 

DFNA56, GMEM, 
GP, HXB, JI, TN, 

TN-C 

G10 Hs.109225 NM_001078 VCAM1 Vascular cell adhesion molecule 1 CD106, INCAM-
100 

G11 Hs.643801 NM_004385 VCAN Versican 
CSPG2, ERVR, 
GHAP, PG-M, 
WGN, WGN1 

G12 Hs.2257 NM_000638 VTN Vitronectin V75, VN, VNT 

H01 Hs.520640 NM_001101 ACTB Actin, beta BRWS1, 
PS1TP5BP1 

H02 Hs.534255 NM_004048 B2M Beta-2-microglobulin - 

H03 Hs.544577 NM_002046 GAPDH Glyceraldehyde-3-phosphate dehydrogenase G3PD, GAPD 

H04 Hs.412707 NM_000194 HPRT1 Hypoxanthine phosphoribosyltransferase 1 HGPRT, HPRT 

H05 Hs.546285 NM_001002 RPLP0 Ribosomal protein, large, P0 L10E, LP0, P0, 
PRLP0, RPP0 

H06 N/A SA_00105 HGDC Human Genomic DNA Contamination HIGX1A 

H07 N/A SA_00104 RTC Reverse Transcription Control RTC 

H08 N/A SA_00104 RTC Reverse Transcription Control RTC 

H09 N/A SA_00104 RTC Reverse Transcription Control RTC 

H10 N/A SA_00103 PPC Positive PCR Control PPC 

H11 N/A SA_00103 PPC Positive PCR Control PPC 

H12 N/A SA_00103 PPC Positive PCR Control PPC 



III. Results 

 

2-DE and image analysis 

Four 2-DE images were taken from 4 experimental groups (Figure 1). Overall spot 

patterns are similar and it implies that sampling and analysis procedures were reliable. 

About 1,300 spots were detected on each gel and 120 spots changed more than two fold 

comparing with immediate group. 

 

The first spot selection for identification 

  Twenty seven spots were selected by suggested conditions for spot selection described 

in Material & Methods. 

 

MALDI-TOF protein identification 

In the first identification, the eleven spots of twenty seven spots were identified as 

Vimentin and located closely (Figure 2) in left middle area on 2-DE gels (Figure 1, box 

indicated).  

Three spots were identified as type VI collagen and located upper left area on 2-DE 

gels (Figure 3). 



 

Figure 1. Representative raw 2-DE gels of 4 experimental groups showing similar spot 

patterns 

Box; Vimentin area 

  



 

Figure 2. Closed view of Vimentin area found in the first identification 

The arrowed spots were identified as Vimentin. 

 

 

 

  



Figure 3. Closed view of type VI Collagen area 

The arrowed spots were identified as type VI Collagen. 

 

  



The second spot selection and MALDI-TOF protein identification 

The eight spots were selected around Vimentin spots (Figure 4), and among those the 

five spots were identified as Vimentin (Figure 5). 

Overall result of protein identification by MALDI-TOF method is addressed in Table 3. 

 

Summary of Vimentin spots 

  Vimentin spots showed gradual decreasing from immediate group to 2 week stored 

group and rapid decreasing to dry group in protein quantity. Only dry group was 

significantly different from immediate group (Figure 6). 

 

  



 

Figure 4. Vimentin spots and adjacent spots for additional identification 

Adjacent spots (red arrow) around Vimentin spots (yellow V) were additionally analyzed 

to confirm Vimentin isoforms. 

 

  



 

Figure 5. Total Vimentin spots 

Yellow V; identified spots in the first identification 

Red V; identified spots in the second identification 

 

 

  



Table 3. Identity of selected spots using MALDI-TOF method 

Spot 
ID 

Protein name 
Protein 
score 

Peptides 
matched 

Coverage 
(%) 

Immediate 
1week 
storage 

2week 
storage 

1week 
dry 

825 Vimentin 86 16 40 0.121 0.089 0.116 0.021 
848 Vimentin 135 19 41 0.058 0.045 0.048 0.003 
860 Vimentin 104 18 48 0.312 0.198 0.119 0.096 
938 Vimentin 101 17 47 0.154 0.187 0.102 0.067 
971 Vimentin 197 32 63 0.037 0.020 0.012 0.006 
1710 Vimentin 71 11 22 0.035 0.025 0.015 0.000 
1793 Vimentin 42 6 47 0.027 0.032 0.022 0.000 
2053 Vimentin 53 7 18 0.123 0.140 0.073 0.014 
2055 Vimentin 354 43 75 0.015 0.011 0.008 0.009 
2056 Vimentin 43 11 27 0.038 0.022 0.021 0.011 
2061 Vimentin 82 18 37 0.017 0.021 0.015 0.000 
2406 Vimentin 72 11 38 0.031 0.026 0.055 0.009 
2503 Vimentin 85 7 18 0.106 0.088 0.050 0.014 
2534 Vimentin 197 25 55 0.039 0.038 0.040 0.005 
2585 Vimentin 95 17 39 0.099 0.123 0.037 0.041 
2684 Vimentin 256 33 72 0.038 0.010 0.018 0.000 
1478 Unnamed 33 4 53 0.011 0.019 0.015 0.000 
1027 Transcriptional activator 

protein Pur-alpha 
119 22 40 0.038 0.021 0.014 0.008 

1396 T-cell receptor beta chain 22 2 100 0.008 0.013 0.012 0.000 
1244 Protein kinase 72 17 39 0.066 0.047 0.117 0.016 
2274 Nuclear mitotic apparatus 

protein 1 
72 68 39 0.007 0.013 0.006 0.001 

2706 Nuclear mitotic apparatus 
protein 1 

73 35 25 0.089 0.161 0.090 0.025 

225 MCF.2 cell line derived 
transforming sequence-like 2 

73 17 26 0.394 0.535 0.455 0.010 

2672 Keratin 89 19 43 0.014 0.011 0.013 0.000 
918 Ig heavy chain 49 5 45 0.013 0.007 0.008 0.003 
813 Human Glutamate 

Dehydrogenase 
146 29 38 0.138 0.070 0.091 0.039 

2313 Histone H2B.1 76 10 84 0.015 0.021 0.027 0.000 
2052 Glucuronidase 24 3 61 0.024 0.031 0.027 0.000 
2158 Collagen, type VI 77 19 23 0.021 0.032 0.018 0.000 
2168 Collagen alpha-1(VI) chain 73 20 19 0.025 0.022 0.029 0.005 
2690 Collagen alpha-1(VI) chain 79 21 21 0.061 0.034 0.110 0.010 
810 ATP synthase subunit 49 9 21 0.185 0.093 0.156 0.050 
787 Tubulin beta chain 92 17 43 0.344 0.265 0.142 0.295 
850 Mitochondrial ATP synthase 122 21 57 0.143 0.169 0.200 0.108 
2060 Unnamed 207 29 67 0.038 0.019 0.176 0.199 

Database : NCBInr_human human_130324_2 (695124 sequences; 228548881 residues) 
Protein score is -10*Log(P), where P is the probability that the observed match is a random event. 
Protein scores greater than 71 are significant (p<0.05). 



 

Figure 6. Quantity changes of 16 protein spots identified as Vimentin 

Average quantities of Vimentin were 0.078, 0.067, 0.047 and 0.0018 %Vol in the listed 

order. Only dry group was significantly different from immediate group. 

 

  



Adhesion protein PCR array 

 LAMA1, CTGF and THBS1 were significantly over-expressed in 1 week stored group 

over immediate group. MMP9, SPP1 and ITGB3 were significantly under-expressed in 1 

week stored group over immediate group (Table 4). 

 

 

Table 4. The gene symbols showing significant over or under-expression between 

immediate group and 1 week stored group in RT2 Profiler PCR array for human 

extracellular matrix and adhesion molecules 

Gene symbol Description Fold change P-value 

Over-expressed genes in 1 week stored group over immediate group 

LAMA1 Laminin, alpha1 3.3 0.049* 

CTGF Connective tissue growth factor 2.6 0.045* 

THBS1 Thrombospondin 1 2.1 0.006* 

Under-expressed genes in 1 week stored group over immediate group 

MMP9 Matrix metallopeptidase 9 (gelatinase B) -6.6 0.021* 

SPP1 Secreted phosphoprotein 1, osteopontin -3.9 0.020* 

ITGB3 Integrin, beta 3 (platelet glycoprotein IIIa, CD61) -3.7 0.008* 

* ; statistically significant 

 

  



IV. Discussion 

 

Vimentin was the most notable protein expressed in this study. Vimentin appeared 

constantly in stored condition but rapidly decreased in dry condition. Vimentin is type III 

intermediate filament protein that is expressed in mesenchymal cells. Vimentin filaments 

are associated with collagen mRNAs in a 5’SL- and LARP6-dependent manner and 

stabilize collagen mRNAs. LARP6 interacts with vimentin filaments through its La 

domain and colocalizes with the filaments in vivo. Vimentin knockout fibroblasts produce 

reduced amounts of type I collagen due to decreased stability of collagen alpha 1(I) and 

alpha 2(I) mRNAs (Challa and Stefanovic, 2011). Considering that type I collagen is the 

major collagen component of periodontal ligament, Vimentin seems to play an important 

role in reattachment and regeneration of periodontal ligament. Futher research is essential 

to validate the role and function of Vimentin in periodontal ligament. 

  Type VI collagen was found in three protein spots which sustained in stored condition. 

Type VI collagen is a major structural component of microfibrils and oxytalan fibers in 

periodontal ligament and involved in cell adhesion (Everts et al., 1998). Remained type 

VI collagen could work in maintaining the tissue integrity. 

  PCR array of adhesion molecules revealed three up-regulated transcriptomes - laminin, 

CTGF and thrombospondin in 1 week stored group compared with immediate group. 

Laminin is essential and abundant structural non-collagenous glycoproteins localizing to 

basement membranes. Formation of basement membranes influences cell proliferation, 



phenotype, migration, gene expression and tissue architecture (Li et al., 2002). PLF-

derived laminins may be involved in the pathogenesis and progression of periodontitis by 

inducing apical migration of epithelial cells in certain circumstances (Ohshima et al., 

2006). Connective tissue growth factor is known to be involved in tooth germ 

development and periodontal tissue remodeling, as well as in mesenchymal tissue 

development and regeneration. The addition of recombinant connective tissue growth 

factor to murine periodontal ligament-derived cell cultures stimulated DNA synthesis and 

cell growth in a dose-dependent manner. Moreover, it also enhanced the mRNA 

expression of alkaline phosphatase (ALPase), type I collagen, and periostin, the latter of 

which is considered to be a specific marker of the periosteum and periodontium (Asano et 

al., 2005). Thrombospondins play a role in development, aggregation of platelets, 

adhesion and migration of cells, and progression of cells through the growth cycle. 

Thrombospondin 1 is released from platelets in response to Thrombin stimulation and is a 

transient component of the extracellular matrix of developing and repairing tissues 

(Lawler and Lawler, 2012). 

Three transcriptomes - matrix metallopeptidase, secreted phosphoprotein and integrin 

were down-regulated in 1 week stored group compared with immediate group. Matrix 

metallopeptidases are a family of peptidase enzymes responsible for the degradation of 

extracellular matrix components. MMP-9 has been shown to degrade bone collagens in 

concert with MMP-1 and cysteine proteases and may play a role in bone osteoclastic 

resorption (Tsuchiya et al., 2008). Osteopontin (OPN) is an extracellular matrix cell 

adhesion phosphoglycoprotein. OPN is deposited into unmineralized matrix prior to 



calcification leading to localization at various tissue interfaces including cement lines, 

lamina limitans and between collagen fibrils of fully matured hard tissues (Rosenthal et 

al., 2007). Integrins are heterodimers composed of noncovalently associated 

transmembrane α and β subunits. Most integrin receptors bind ligands that are 

components of the extracellular matrix. αvβ3 is perhaps best known for its role on 

osteoclasts, but αvβ3 has also been detected on molar periodontal ligament fibroblasts. 

Integrin αvβ3 may be related to high collagen turnover (Barczyk et al., 2013). 

   

 

  



V. Conclusion 

 

Vimentin and type VI collagen which sustain in stored group can contribute to 

reattachment and regeneration in periodontal ligament with regard to collagen production. 

Laminin, CTGF and thrombospondin which induce tissue proliferation were up-regulated 

in 1 week stored group, and matrix metallopeptidase, secreted phosphoprotein and 

integrin which are known to be related to tissue degradation were down-regulated in 1 

week stored group. These proteome and transcriptome could work in regeneration of 

periodontal ligament and further research to validate their role and function should be 

done. 

 

 

  



Appendix 

 

1. Raw data of RT2 Profiler PCR array for human extracellular matrix and adhesion 
molecules 

Gene 

symbol 
Description 

Fold 

regulation 
Exp.1 Exp.2 Exp.3 P-value 

Over-expressed genes in 1 week stored group over immediate group 

LAMA1 Laminin, alpha1 3.3 4.4 1.6 4.9 0.049 

CTGF Connective tissue growth factor 2.6 1.9 2.7 3.5 0.045 

THBS1 Thrombospondin 1 2.1 2.1 2.0 2.2 0.006 

Under-expressed genes in 1 week stored group over immediate group 

MMP9 Matrix metallopeptidase 9 (gelatinase B) -6.6 -2.0 -6.3 -4.1 0.021 

SPP1 Secreted phosphoprotein 1, osteopontin -3.9 -1.5 -7.4 -5.5 0.020 

ITGB3 
Integrin, beta 3 (platelet glycoprotein IIIa, 

CD61) 
-3.7 -1.8 -13.7 -11.3 0.008 
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