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Abstract 

Background/Aims: Rem odeling of fibrous and vascular tissues in the periodontal ligam ent 
(PDL) around the tooth root was observed during tooth m ovem ent by orthodontic force 
application. We previously derr】onstratedthat a single cell-derived cu加 re(SCDC) of prim arily 

cultured PDL fibroblasts， called SCD仁2，has an endothelial progen辻orcell (EPC)-like character 

and can form endothelial cell (EC) m arker-positive blood vessel-like structures. However， the 
types of m olecular m echanism sthat control the in vivo kinetic properties and the differentiation 
of the PDL-derived EPC-like cells into myofibroblasts (MFst which are known to expand fibrous 

tissues， require clarification. Methods: Using specific m itogen activated protein kinase (MAPK) 
inhibitors， we exam ined how epiderm al growth factor (EGF)-m ediated MAPK signals affected 
the proliferation， m igration， and MF differentiation of these cells. Results: EGF induced S仁D仁2
cell proliferation in MAPK/extracellular signal-regulated kinase (ERK) kinase (MEK)ー andc-Jun 

N-term inal kinase (JNK)-dependent m anners. In addition， EGF suppressed the expression of 

MF differentiation m arkers in these cells in a MEK/ERK-dependent m anner， and， m o reover， 
stim ulated the cell m igration in a MEIく/ERK-dependentmanner. Conclusion: EGF regulates 
fibrous tissue remodeling in PDLs through MEK/ERK-and JNK-mediated signals byaffecting 

the proliferation， m igration， and MF differentiation of the PDL-derived EPC-like cells. 
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Introduction 

Ligaments consist of soft connective tissues that transmit mechanical force between 
bone and bone or bone and m uscle. The periodontalligam ent (PDL) is a fibrous connective 
tissue located between the tooth root and the alveolar bone. PDL is COl1lposed of various 
types of cells， including fibroblasts， cementoblasts， osteoblasts， epithelial cells (rests 
of Malassez)， vascular endothelial cells (ECs)， and nerve cells [1]. In response to oral 
environl1lental alterations such as a tooth movement during orthodontic treatment， the 
PDL cells have the ability to rel1lodel or reconstruct the periodontal tissue. For PDL tissue 
rel1lodeling， m ultipotent progenitor cells or stem cell-like cells must be present in the PDL. 
Recently， several studies have demonstrated that PDL fibroblastic cells exhibit biological 
characteristics similar to that of bone marrow-derived undifferentiated mesenchymal cells， 
suggesting that the l1lineralized tissue lineages may have originated from a common early 
progenitor [2-5]. Seo etα1. also showed that the PDL cells exhibit cel1l entoblasticj osteo blastic 
or adipogenic differentiation in vitro and have the potential to generate cel1lentul1ljPDL-like 
tissue in vivo， suggesting that m ulti potent stel1l cells are present in PDL [6]. 
We previously demonstrated that several single cell-derived cultu陀 s(SCDCs) frOl1l 

a primary cultu陀 ofrat fibroblast-like cells derived from the PDL expressed EC-specific 
l1larkers in addition to mesenchymal stel1l cell (MSC)・andligal1lent cell-specific markers 
[7]. Intriguingly， SCDC2 cells， which abundantly expressed the EC marker Tie-2， vigorously 
constructed blood vessel structures in a th陀 e-dil1lensionaltype 1 collagen sca仔'old，
suggesting that SCDC2 cells 問 tainendothelial progenitor cell (EPC)・likecharacteristics. In 
addition， SCDC2 cells expressed not only the EC l1larkers Tie-2， von Willebrand factor (vWF)， 
and CD31 but also the myofibroblast (MF) l1larkers alpha-smooth l1luscle actin (α・SMA)，h1・
calponin， and collagen type 1 alpha 1 (collα1) [7， 8]， which suggests that SCDC2 cells may 
possess MF-like characteristics， which allow thel1l to participate in rel1lodeling of fibrous 
tissue networks in PDL tissue. MFs are known to arise from undifferentiated mesenchYl1lal 
cells and are 陀 sponsiblefor collagen turnover at the site of fibrous tissue 陀 modeling
[reviewed in 9]: MF expands fibrous tissue by the forl1lation of the collagen network. Meng 
etα1. demonstrated that orthodontic mechanical tension affected the expression ofα-SMA by 
PDL-derived fibroblast-like cells [10]: fluorescent il1lmunohistochel1lical analysis revealed 
that the exp陀 ssionof α-SMA was induced in the tensed side of the PDL by unidirectional 
orthodontic force loading on the tooth， suggesting that PDL fibroblasts retain the potential to 
differentiate into MF in response to mechanicalloading. However; the molecularmechanisms 
underlying the orthodontic force-induced exp陀 ssionofMF markers in the PDL-derived EPC-
like cells still require clarification. 
Epiderl1lal growth factor (EGF) was first purified from the 11l0use salivary gland as a 

soluble factor that accelerates wound healing in the cornea [11]; however; EGF was soon 
found to be a general growth factor that regulates various cellular functions involving cell 
proliferation and differentiation [reviewed in 12， 13]. The EGF receptor (EGFR) family 
consists of four receptors: EGFR (ErbB-1jHER・1)，ErbB・2(HER・2jneu)，ErbB・3(HER・3)，
and ErbB-4 (HER・4)[14]. ErbB-2 lacks the ability to bind to ligands， whereas ErbB・3lacks 
the intrinsic kinase activity; thus， ErbB-2 and ErbB・.3are non-autonomous. However; ErbB・
2 or ErbB-3 form heterodimeric complexes with other ErbB陀 ceptors，which are able t旬O 
gener.悶at総epot旬en川1此tintracellular s幻ignals[reviewed i加n15可].EGF binds t句oEGFR and ex別er討tthe 
d出ime町r包a瓜tionof t“he recept加ors.Then， the cytoplasmic tyrosine kinase dOl1lains of EGFR can 
be autophosphorylated to l1lediate intracellular signals to various signaling proteins. The 
carboxy terl1linal tyrosine residues on EGFR， Tyr1068 and Tyrl173， are the l1lajor sites 
of autophosphorylation， which occurs as a陀 sultof EGF-binding and transduces the EGF-
induced signals [16， 17]. Intracellular signaling downstreal1l of the autophosphorylated 
EGFR results in the activation ofphospholipase Cy (PLCy) and the downstreanl calciul1l-and 
protein kinase C (PKC)ωmediated cascades， mitogen activated protein kinases (MAPKs) such 
as extracellularsignal-regulated kinase (ERK)， c-Jun N-terminal kinase (JNK)， and p38 MAPK， 
sl1lall GTPases such as Rho and Rac， multiple signal transducer and activator of transcription 
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(STAT) isoforms， heterotrimeric G proteins， phosphatidylinositol 3にOHkinase (PI3K)， and 

phospholipase D (PLD) [reviewed in 13]. 

EGF facilitates the ex vivo expansion of bone marrow-derived MSCs (BM-MSCs) while 

preserving the potential for differentiation [reviewed in 18]. In addition， EGF has an ability 

to maintain colony-forming potential of BM-MSCs. Thus， EGF enhances the self-renewal of 
MSCs in vitro， which suggests that this growth factor l1light play an il1lportant role in the 
enhancementofthe therapeutic potential ofMSCs. Intriguingly， PDL-derived undifferentiated 
mesenchymal cells express EGF [19] and EGFR [20]. In addition， Matsuda et al.陀 ported
that the EGF jEGFR system acted as a negative 陀 gulatorof osteoblastic differentiation of 

the PDL-derived cells， suggesting that EGF a仔'ectsthe differentiation commitment of PDL-
derivedMSC・likecells [20]. However， it remains to be clarified whetherthe EGF jEGFR system 
affects the multipotency of PDL-derived undifferentiated mesenchYlllal cells. On the other 
hand， Kong et al. reported that EGF positively controls migratory activity of bovine medial 
collateralligament-derived fibroblasts [21]. However， it remains to be elucidated what kinds 
of molecular mechanisl1ls underlie the proliferation， migration， and MF differentiation of 
the PDL-derived undifferentiated fibroblastic cells. Each MAPK module plays a discrete yet 

complementary role in cell proliferation， migration， and differentiation in a cell type-specific 
manner [reviewed in 22， 23]. Here， we evaluate how the EGF-induced MAPKs-mediated 
signals affect the proliferation， llligration，剖dMF differentiation of PDL-derived EPC・like

fibroblastic cells， which is expected to explain the molecular mechanisllls underlying the 
orthodontic force-induced rem odeling of fibrous tissue network in PDL. 

Materials and Methods 

Reagents 

Recombinant fibroblast growth factor (FGF)-l was purchased from R&D Systems Inc. (Minneapolis， 

MN， USA). Recombinant EGF and transfol'lning growth factor (TGF)-s1 were purchased from PEPROTEC 

Inc. (Rocky Hill， N]， USA). Kinase inhibitors， nalllely， the MAPKjERK kinase (MEK) inhibitor UO 126， the ]NK 

inhibitor SP600125， and the EGFR inhibitor PD153035， were pmchased from Calbiochem (Merck KGaA， 

Darmstadt， GeJ'Jnany). 

Cell culture 

The isolation of rat PDL fibroblasts and establishlllent of SCDCs have been previously described 

[7]. SCDC2 cells were basically cultured on type 1 collagen-coated plastic dishes (Sumilon Celltight Plate， 

Sumitomo Bakelite Co.， Tokyo， ]apan) in Ham's F-12 (Sigllla Chemicals， St. Louis， MO， USA) supplemented 

with 2 mM glutamine (100x solution; Gibco)， 10% fetal bovine serum (FBS; PAA laboratories Inc.， Ontario， 

Canada)， 10 ngjmL FGF-1 (R&D Systems Inc.)， 15μ.gjmL heparin (Sigllla Chelllicals Co.， Irvine， UK)， 100 
μ.gj mL kanamycin (M吋iSeika Phanna Co. Ltd.， Tokyo ]apan)， penicillin (Gibco， Carlsbad， CA， USA)， and 
streptomycin (Gibco) in a humidified atlllosphere of 95% air and 5% CO

2 
at 37"C. Heparin was added to 

achieve optilllal FGF-1 activity [24]. Subconfluent cellswere detached using a trypsinjEDTA solution (0.05% 

tJypsin， 0.02% EDTA; Gibco) and subcultured. Cells from passages 13 to 18 were used in the experiments 

described below. In experiments with chelllical inhibitors， each inhibitor was dissolved in DMSO and added 

to the culture mediulll， and the sallle amount of DMSO (0.1%) was added to the control cultme. 
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Cell proliferation assay 
Cellular Illetabolic activity in SCDC2 cells was evaluated using the PrelllIX WS下1Cell Proliferation 

Assay System (Roche Diagnostics， K.K.). This assay is based on the reduction of the tetrazolium salt WST-

1 [2-(4-lodophenyl)-3-( 4-nitrophenyl)-5-(2，4-disulおphenyl)ー2H-tetrazoli Ulll] by sucCInate-tetrazoliulll 

reductase to yield colored fOJ'Jnazan cOlllpounds that are detectable in viable cells. For the WSτ1 assay， 

SCDC2 cells were seeded into 96-well plates at a density of 5 x 103 cells per well and cultured f01・3days 

in a mediulll containing 1% FBS and indicated concentrations of EGF， with 01' without EGFR-， MEK-or 

]NK-inhibitors. Then， the mediulll was replaced with Ham's F-12 containing 10% Prelllix WS下1solution 

to evaluate the proliferative activity of SCDC2 cells， and the cells were cultured for an additional 4 h. The 
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absorbance in each well was measured using a plate reader (Tosoh Corp.， Tokyo， Japan). The data were 

shown as values of Abs
450 
-Abs
600・
Eachexperiment was 1'epeated 3 times， with 6 wells for each time point. 

Western blotting ofphosphoproteins 

Cells were plated onto standard 9-cm plastic dishes at a density of 5 x 105 cellsjdish in Hanis F-12 

supplemented with 2 mM glutamine， 10% FBS， 10 ngjmL FGF-1， and 15μgjmL heparin. After 2 days， the 

growth medium was replaced with Hanis F-12 containing 1% FBS fo1' serum sta1'vation for 1 day. Then， the 

cells were cultured for the indicated periods in the medium containing 1% FBS and various concentrations 

of EGF with 01' without EGFR-， MEK-01' JNK-inhibitors. Next， the cells were lysed in RIPA buffer [50 mM  Tris-

HCl (pH 7.2)， 150 mM  NaCl， 1% NP-40， 0.5% sodium deoxycholate， and 0.1 % SDS] containing a protease 

and phosphatase inhibitor cocktail (Sigma， St. Louis， MO)， and then boiled for 5 min. Equivalent amounts of 

sampleswere separated by SDS-PAGE using 12.5% polyacrylamidegels， and proteinswere electrotransferred 

onto PVDF membranes (Millipore Corp.， Bedford， MA， USA). The membranes were blocked with a PVDF 

Blocking Reagent for Can Get Signαl・(TOYOBO，Inc.， Osaka， Japan) f01・2h at 1'oom temperature高ndthen 
incubated with primary antibodies overnight at 40C. The p1'imary antibodies (rabbit anti-ERK1j2， rabbit 

anti-p38MAPK， rabbit anti-JNK， rabbit anti-phospho-ERK1j2， rabbit anti-phospho-p38MAPK，高ndrabbit 

anti-phospho-JNK polyclonal antibodies)， were obtained食omCell Signaling Technology (Bever~μMA， USA). 

For the detection ofEGFR phosphorylation at Ty1'1173， a goat anti-phospho-EGFR polyclonal antibody (sc-

12351) was obtained from Santa Cruz Biotechnology Inc. (San Diego， CA， USA). To detect total amounts of 

cofilin 01' cofilin phosphorylated at Ser3， rabbit anti-cofilin (#5175， Cell Signaling Technology) and rabbit 

anti-phospho-cofilin (#3313， CellSignaling Technology) monoclonalantibodieswere used. For the detection 

of total amounts of c-Jun 01' phosphorylated c-Jun， rabbit anti-c-Jun (#9165， Cell Signaling Technology) and 

rabbit anti-phospho-c-Jun (Ser73) (#3270， Cell Signaling Technology) monoclonal antibodies were used. 

After washing with T1'is buffered saline (TBS) with Tween 20 (TBS-T: 50 mM  Tris-HCl， pH 7.2， 150 mM  

NaCI， and 0.1% Tween-20)， the membranes we1'e incubated with the appropriate horseradish peroxidase-

conjugated anti-mouse， anti-1'abbit， 01' anti-goat secondary antibodies (Santa Cruz Biotechnology， Inc.). 

The target proteins were washed with TBS-T and detected by enhanced chemiluminescence with the 

Amersham1N ECL相 WesternBlotting Analysis System (GE Healthcare， Buckinghamshire， UK). AlI other 

conditions and the procedures for each immunoblot with va1'ious antibodies were according to the 

manufacture1・'sinstructions.Thedetected blotswere photographed using the photo imagedetection system 

CL-Cube L (Tohoku Electronic Industrial Co.， Ltd.， Sendai， Japan) and densitometrically measu1'ed using 

Image J (ve1'sion 1.44). Data were shown as the ratio of the band intensity of the phosphorylated bands 

to that of the total molecula1' bands. In some cases， the bands of the reference protein glyceraldehyde-3-

phosphate dehydrogenase (GAPD H) obtained from whole celllysates were used as the internal controls fo1' 

different sample preparations (Fig. 1B). A rabbit anti-GAPDH polyclonal antibody (IMUGENEX， San Diego， 

CA， USA) was used for the detection of GAPDH. 
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Quantitative reverse transcriptase-polymerase chain reαction 

SCDC2 cells were seededinto 12-well plates ata density of7.0 x 10' cellsjwell in HanisF-12 containing 

5% FBS and EGF (10 ngjmL)， with 01' without EGFR-， MEK-， 01' JNK-inhibitors and then cultured for 3 days. 

In some cases， the cellswere fi1'st cultu1'ed with 01' without TGF-s1 (1 ngjmL) for 3 days， washed with the 

Ham'sF-12 media3 times， and thenculturedwith orwithout EGF (10 ngjmL) fo1' 3 days (Fig. 4D). Then， total 

RNA was extracted with the ISOGEN 1'eagent (Nippongene， Tokyo， Japan) according to the manufacturer's 

instructions. First-strand cDNA was synthesized from total RNA by using the PrimeScript RT Reagent Kit 

(Taka1'a Bio Inc.， Otsu， Japan). Quantitative reverse transcriptase-polyme1'ase chain 1'eaction (qR下PCR)was

per伽 medon a Thermal Cycler Dice Real Time System (Takara Bio Inc.) using SYBR' Premix Ex Taq Wl>I 

(Takara Bio Inc.) with specific oligonucleotide p1'imers. The mRNA levels ofα-SMA， h1-calponin， and colIα1 

were no1'malized to that of the endogenous reference gene GAPDH， and were shown as fold increases 01' 

decreases relative to the level of the control sample. The primers used wereα-SMA， 5'-AGC CAG TCG CCA 

TCA GGA AC-3' (sense) and 5'ーCCGGAG CCA TTG TCA CAC AC-3' (antisense); h 1-calponin， 5'ーACACTTTAA

CCG AGG TCC TGC CTA-3' (sense) and 5'ーCACGCT GGT CGT ATT TCT G-3' (antisense); colIα1， 5'-AGC TCC 

TGG GCC TAT CTG ATG A-3' (sense) and 5・-AATGGT GCT CTG AAA CCC叩 ATG-3・(antisense);and GAPDH， 
5ぺGGCACA GTC AAG GCT GAG AAT C-3' (sense) and 5ぺATGGTG GTG AAG ACG CCA GTA-3' (antisense). 
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lmmunofluorescence analysis 
Fo1' Fig. 3B， SCDC2 cells were seeded in type 1 collagen-coated 8-chambe1' slides at a density of 1.4 x 

104 cellsjwell in Hanis F-12 containing 5% FBS and EGF (10 ngjmL) with 01' without MEK-inhibito1's， and 

then cultu1'ed for 3 days. 

Fo1' Fig. 4C， the cells we1'e seeded into type 1 collagen-coated 8-chambe1' slides at a density of 1.4 x 104 

cellsjwell in Ham's F-12 containing 5% FBS and cultu1'ed fo1' 2 days. Next， in some cases， cells we1'e t1'eated 

with TGF-s1 (1 ng jmL) for 3 days. Then， the culture media was discarded， and each well was washed 3 

til1les with Hanis F-12 media. Then the cells we1'e fu1'ther cultmed with 01' without EGF (10 ngjmL) fo1' 3 

days. 

After the cultu1'e p1'ocedu1'es desc1'ibed above， the cells on the glass slides we1'e fixed in 4% 

parafo1'maldehyde in phosphate buffe1'ed saline (PBS: 135 mM NaCI， 1.3 mM KCI， 3.2 mM Na2HP04， and 

0.5 I1lM KH2P04; pH 7.4) fOl・30min and pe1'meabilized with 0.2% T1'iton X-100 in PBS fOl・ 15min. The 

cells we1'e blocked with 2% (w jv) bovine serum albumin (BSA) in PBS fo1' 30 min and then labeled with 

anti-α-SMA 1'abbit polycIonal antise1'um (1:200; Abcam Ltd.， Camb1'idge， UK)， anti-h1-calponin 1'abbit 

monocIonal antiserum (1:200; Abcam Ltd.)， 01' a rabbit anti-Tie-2 polycIonal antibody (1:50; sc-324， Santa 

Cruz Biotechnology， Inc.) fo1' 1 h at rool1l tempe1'atu1'e. Afte1' washingwith PBS， the cellswe1'e incubated with 

an Alexa Fluo1'~ 568-conjugated goat anti-1'abbit IgG (1:200; Molecula1' P1'obes， Leiden， the Netherlands; 

Fig. 3B)， 01' Al四 aFluo1'~ 594-conjugated goat anti-1'abbit IgG (1:200; Invit1'ogen， 01句 on，USA; Fig. 4C) for 

30 min at room tempe1'atu1'e. The cells were washed with PBS and labeled with DAPI (1: 1000; KPL Inc.， 

Gaithe1'sburg. MD， USA) and Alexa Fluor~ 488-col別gatedphalloidin (1:500; Invitrogen， O1'egon， USA). 
Fluorescent signals were detected and photog1'aphed using an Olyl1lpus IX71 fluorescence mic1'oscope 

equipped with a DP72 digital call1era (Olympus Corp.， Tokyo， Japan). 

Force αpplication against sl integrins on the sur:向ceof cu ltured cells 
The force generation model used in this study has been p1'eviously desc1'ibed [25， 26]. Magnetite 2.5-

μIII diamete1' polysty1'ene beads (Spherotec， Lake Fo1'est， IL， USA) were coated with collagen， as p1'eviousか
repo1'ted [27]. The collagen-coated magnetite beads (5-30μL of the bead stock solution at 1.9 x 106 

beadsjμL) we1'e incubated with 5.0 x lOs cells cultured on plastic tissue culture plates fo1' 60 min， to allow 

attachment to the s1 integ1'ins on the do1'sal su1'face of the cultured cells. Non-coated beads attached to 

cell surfaces by non-specific inte1'actions we1'e used as the negative control. A ceramic permanent magnet 

(g1'ade 8， 2.2 x 9.6 x 11 CI1l; Jobmastel; Mississauga， ON， Canada) was used to generate mechanical fo1'ces 

against the beads (0.6 pNjμm2) pe1'pendicular to the dorsal smface of the cell. Fo1' all回 periments，the pole 

face was parallel to cell cultu1'e dish su1'f詰ceand was 2 cm away f1'ol1l the culture dish SUlねce.As the su1'face 

a1'ea of the magnet was la1'ger than that ofthe cultu1'e dishes and the beads we1'e unifonnly sp1'ead over the 

cells， the fOl・cesapplied to cells across the width ofthe cultu1'e dish we1'e almost unifonn. Constant fo1'ces of 

the indicated dmation we1'e used fo1' all回 pe1'iments.The magnetic force against the collagen-coated beads 

attached to the cell SUlぬcewas applied fo1' 60 min (Fig. 4A) 01' 3 days (Fig. 4B). 
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Evaluation ofproteins associated with collagen-coαted magnetic beads 

Proteins that we1'e associated with the collagen beads were collected as p1'eviously desc1'ibed [26]. 

B1'iefly， the collagen-coated-bead剖 tachedcells we1'e treated with a cytoskeletal回 t1'actionbuffer (0.5% 

Triton X-100， 50 mM NaCI， 300 mM suc1'ose， 3 mM MgCI2， pH 6.8). Then， the beads in the回 tractionbuffe1' 

we1'e collected using a side-pull magnet. Bead-associated cytoskeletal proteinswe1'e 1'emoved f1'om the beads 

by boiling thel1l with 100μL ofRIPA buffer. Equivalentamountsofthe sal1lpleswe1'e sepa1'ated by SDS-PAGE， 

and the separated p1'oteins we1'e electrotransferred onto PVDF membranes. Then， immunoblot analyses 

we1'e pe1'formed with a mouse anti-s-actin monocIonal antibody (sc-47778， Santa C1'uz Biotechnology， Inc.)， 

a rabbit anti-s1 integrin polycIonal antibody (sc-8978， Santa C1'uz Biotechnology， Inc.)， and a rabbit anti-

GAPDH polycIonal antibody， as desc1'ibed above. Data we1'e shown as the specific bands of collagen-coated-

bead-associated proteins and those of the total p1'oteins obtained f1'ol1l the whole celllysates. 

Evaluation ofthe SCDC2 cell migratory activity 
Boyden chambe1' migration assays we1'e perfo1'med as follows: cells were plated at a density of 2.0 x 

104 cellsin theuppe1' chamber ofa Boydenchamber appa1'atus in Ham'sF-12 mediawith 0.1% BSA. Next， the 

cells we1'e allowed to migrate th1'ough the po1'ous l1lemb1'ane that bo1'de1'ed the upper and lower chambe1's 
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illto the low chamber， which cOlltailled Ham' s F-12 media; this process was allowed to occur fOl・14hat370C 

ill the presellce 01' absellce ofEGF， the MEK illhibitor U0126， 01' the JNK inhibitor SP600125 at the indicated 
concentrations. EGF， U0126， 01' SP600125 were added to the culture media in both the upper and lower 

challlbers. The Illelllbrane was fixed in 4% parafol'lllaldehyde in PBS and stained using the Diff-Quick stain 

kit (Sysm邸 Co.，Kobe， Japan) fOl・2h. Cells that had Illigrated onto the underside of the Illelllbrane were 
counted in 9 fields on the lIlelllbrane， and the value was shown as the average ofthe 9 fields. The Illigration 

of the control was set to 100%， and all other datasets were Illeasured against this value. 

St，αtistical analysω 
Data were presented as mean士SD.Differences between treatlllents were evaluated using Student's 

ιtest for singlecolllparisons. Tηh陀er陀eSl川tlt俗sshωowni川nallexpe創r加lellt鱈swer陀er陀ep伊rese創nta抗ti初veof at least 3 separ悶at旬e 

邸 p肝er“illl】陀悶e臼n出t俗s.Ap valu陀eoぱf<O.Oω5wa招sc印ons路siωde創l吋 s幻ta羽紺ti路st恥i化ca刈II砂，ys針ignificant.

Results 

EGFR-mediαted signαling stimulαtes cell proliferαtion of the 
fibroblαstic cells 

Cell proliferation was evaluated by the WST-1 assay， as described in Materials and 

Methods. EGF promotes cell growth in a dose-dependent manner in the concentration range 

of 0.1-10 ngjmL (Fig. 1A). In addition， the EGF-induced proliferation of SCDC2 cells was 
completely inhibited by the addition of the EGFR inhibitor PD153035 [28] at 5μM. Next， in 

order to confirm that EGF activated the EGFR and its downstream molecules in SCDC2 cells， 
we exalllined the phosphorylation of EGFR and its downstream l1l0lecules ERK， JNK， and 
p38 MAPK by western blot analyses. SCDC2 cells we陀 stimulatedwith 10 ngjmL EGF for the 

indicated time periods. EGF upregulated phosphorylation of EGFR， ERK， and JNK at 5 min 
after EGF stimulation; the phosphorylation peaked at approximately 10・15min， and then 
gradually decreased (Fig. 1B， C， andD， respectively). However， EGFhad little to no effecton p38 
MAPK phosphorylation (Fig.1E). In orderto confirlll that PD153035 properly aUenuated the 

EGF-induced signaling at the receptor level， we examined the phosphorylation of the EGFR 
downstrealll molecules ERK and JNK after EGF stimulation. PD153035 clearly suppressed 

the EGF-induced phosphorylation of ERK and JNK (Fig. 1F). These results indicate that EGF 

signaling through EGFR promotes the proliferation ofSCDC2 cells. 

PDL-derived EPC-like 
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ω
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d
-
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EGF-induced M EK/ERK-and jNK-mediated signals positively regulαte the proliferαtion of 
the PDL-derived EPC・likefibroblastic cells 

In order to investigate whether the EGFR downstrealll molecules ERK and JNK lllediate 

the EGF-induced signaling pathway to enhance proliferation of SCDC2 cells， various specific 
kinase inhibitors were utilized. The cells were stimulated with EGF (10 ngjmL) with or 

without the MEK inhibitor U0126 (1.0・5.0μM)or the JNK inhibitor SP600125 (5.0-10μM)， 
and then the proliferation status was evaluated. As shown in Fig. 2A and B， each inhibitor 
suppressed the EGF-promoted proliferation in a dose-dependent manner. In addition， U0126 
(5μM) orSP600125 (10μM) completelysuppressed the EGF-induced enhancementofgrowth 

activity (Fig. 2A and B， respectively). In or司:ierto confirm that U0126 and SP600125 properly 
attenuated the EGF-induced signals at the level of MEK and JNK，陀spectively，we exalllined 

phosphorylation of their downstream molecules after treatlllent with the kinase inhibitors. 

As shown in Fig. 2C (left panel)， U0126 clearly suppressed EGF-induced phosphorylation of 
the MEK・downstrea1lll1l0leculeERK. In addition， SP600125 clearly suppressed EGF-induced 
phosphorylation ofthe JNK-downstream molecule c-Jun at Ser73 (Fig. 2C， right panel). 

EGF negαtively regulates MF marker expression in the PDL-derived EPC・likefibroblastic 

cells through MEK/ERK-mediαted signals 
To investigate whether EGF-activated signals mediated by MEKjERK affect the 

expression status ofthe MF markers in SCDC2 cells， U0126 was added to cell cultures under 



905 

Cellular PhvsioloCN Cell Physiol Biochem 2013;32:899-914 
一 001:珂疋百"lUU田予再ヲ刃'3 1~ 2却9則lβ3S. Kaωarり9肝 AG.Basel 

and Biochemistry 附 l蜘ωd州 n附e“Se叩p旬帥mb凶e肝叩r幻匁山，2却加01臼3 I~馴v州k刊机削…cω。町開『町附v
K桁Imur悶aet al.: Effects of EGF on Prolif河fe肝ratlon叫し Mi句gr日atlor肌、 andOif附f行fer同entiationof Lig剖nent
Cells 

3.0 

C 

U22|l 刊 H~ 同i-4・---4 I"， P-E附/2 1こ一回-=re=a:.e:=1
GAPDH I・『ーー守置司自由・I E剛山岡山恒曹国酒巻守Fー|

10.0 

5 

10 15 
Tlme(minl 

曲30 

** 羽院本 司院 本
，-・E・-，，-・E・-、r-----------~r--幽圃園、

10.0 1.0 0.3 0.1 i

i

 

o
州

州
'''・・

0

・，
1

n

P

3

 

，，‘，
S
 

F
F
A
υ
 

G

3

 

F
E
F
3
 

噌

E-
nu 
nv 

豆
ε2.5 
} 

C 
0 ・4
伺
』

~ 1.5 
0 
』

a. 
ω 
.量
百 0.5
ω 
a: 

A 

B 

ピ
ω
U
d
-
《》晶 ij 

E 

l
E
』

令
4

R

d

句・・

ε
d
n
u
w

句

A-

A
V

M
Z
2

・gq
u-
Z
『‘，。

Fags-E
Sa納
安
芭
ま
占有
芯
z
g

Fig. 1. EGF enhances 

the proliferative acti-

vity and induces EGFR 
and MAPK phospho-

I'ylation in POL-deri-

ved EPC-like fibroblas-

tic cells. (A) SCOC2 
cells wel'e treated 

with EGF at the indi-

cated dosesゐr3 days. 

Some of the cells were 

tl'eated with the EGFR 

inhibitor PO 153035 

(5 凶"'). Next， cell 
gl'owth was evalua-

ted using the WS下1

assay， as described 
in Materials and Me-

thods. WST-1 working 

solution [10% WS下1

in Halll's F-12] was ad-

ded to each well， and 
the culture was incu-

bated for 4 h. The ab-

sorbance of each well 

was measured using a 

plate reader. The data 
were shown as values 

of Abs4S0-Abs600・Each
experiment was re-

peated 3 times with 

6 wells for each point 
{叩<0.01;料 P< 0.05). 

(B)， (C)， (0)， and (E) 
SCOC2 cells were tre-

ated with 10 ng/IllL 

EGF for the indicated 

tillles， and then， the 
phosphorylation sta-

tus of (B) EGFR， (C) 

ERK， (0) JNK， and (E) 
p38 MAPK was evalu-

ated by western blot-

ting with antibodies as 

described in Materials 

and Methods. (F) In 

order to confjnn that the EGFR inhibitor properly attenuated the EGF-induced ERK-or JNK-activities， phos-

phorylation of these MAPKs wel'e evaluated in EGF-tl'eated SCOC2 cells with 01' without PO 153035 (5μM) 

by westeru blotting， as described above. 
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stimulation with EGF; the mRNA and protein expression of MF-specific markers were then 

evaluated by qRT-PCR and immunocytochemical analyses， respectively. As shown in Fig. 3A， 
U0126 treatment (at the concentration range of1・5μM)clearly increased the mRNA level of 
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Fig. 2. EGF-induced MEKjERK-and JNK-mediated signals positively 1'egulate the p1'olife1'ative activity of 

PDL-de1'ived EPC-like fibroblastic cells. SCDC2 cells we1'e t1'eated with the (A) MEK inhibitor UO 12601' (B) 

JNK inhibitor SP600 125 at the indicated doses for 3 days， as desc1'ibed in Mate1'ials and Methods. Then， 
the WST-l assay was perfonned as desc1'ibed in Materials and Methods. Each expe1'in淀川was1'epeated 3 

times with 6 wells for each point (中<0.01;村 P< 0.05). (C) Left panels: in order to confirm that UO 126 (5 

μM) properly attenuated the EGF-induced signals at the MEK level， the phosphorylation status ofthe MEK-

downstream molecule ERK was evaluated in EGF-t1'eated SCDC2 cells with or without U0126 by western 

blotting. Right panels: in o1'de1' to confinn that the SP600125 (10μM) prope1'ly attenuated the EGF-induced 

JNK-mediated signaling， the phosphOlylation status of the JNK-downstream molecule c-Jun with 01' without 
SP600 125 was evaluated in the EGF-t1'eated SCDC2 cells by westel'll blotting. 
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α-SMA (a) in a dose-dependent lllanner. In addition， U0126 (5 凶~) significantly upregulated 
l1lRNA expression of h1・calponin(b) and colIα1 (c). Moreover， il1ll1lunocytochel1lical 
analysis 陀 vealedthat the presence of 5μM U0126 in SCDC2 cell culture under 10 ngjl1lL 

EGF stil1lulation enhancedαδMA staining (red; Fig. 3B-a). A sil1lilar result was observed in 

the staining ofh1・calponin(red; Fig. 3B・b).On the other hand， il1lmunocytochel1lical studies 
revealed that U0126 (5μM) did not significantly affect the expression of the EC-specific 

l1larker Tie-2 in the EGFωstil1lulated SCDC2 cells (data not shown). These results suggest that 

a large population of SCDC2 cells l1laintain an EC・likecharacter even if EGF-induced MEKj 

ERK signaling is inhibited by U0126， implicating that the U0126・inducedMF differentiation 
of the cells lllight not seem to be lllature MF differentiation. Thus， EG下inducedMEKjERK 
signaling suppressed MF differentiation of SCDC2 cells. On the contraη~ unlike U0126， 
SP600125 alone (up to 10μM) did not induce MF differentiation of SCDC2 cells (data not 

shown). Intriguingly， the JNK inhibitor additively enhanced the MEK inhibitor-induced MF 
di仔'erentiationofthe EGF-stimulated cells (Fig. 3C). 



907 

Cellular PhvsioloCN Cell Physiol Biochem 2013;32:899-914 
一 001:初オ百w明開吉胃ヲ胃吉 1~2却9則lβ3S. Kaωarり9肝 AG，Basel 

and Biochemistry 附 l蜘ωd州 n附e“Se叩p旬帥mb凶e肝叩r幻匁山，2却加01臼3 I~馴v州k刊机削…cω。町開『町附v
K桁Imur悶aet al.: Effects of EGF on Prolif河fe肝ratlon叫しMi句gr日atlor肌、 andOif附f行fer同entiationof Lig剖nent
Cells 

A-c 

jE3 
~~ 2 
・， '，匂

.~; 1 
j ij 
0 

EGF (10 ng/m 

U0126 (μM) 

+ + + + 

A-b 

O ，，10 
Hs 
226 
;; 4 
~ s 
王ョ z
u' .... 

O 

EGF (10 ng/ml) 

U0126 (μM) 

+ + + + 

A-a 

O 10 
.i ~ 8 
356 
・写・:E 4 
之 的

号。 2

O 

EGF (10 ng/ml) 

U0126 (μM) DMSO 5 1 DMSO 

B-b 

5 1 OMSO 

B-a 
Merge f-actin + DAPI h1・calponinEGF U0126 

{μM) 

DMSO 

5 

+ 

+ 

Merge 

圏
F.actin + DAPI 

冒咽

ー_1下回
1 m事~J 園

α.SMA EGf U0126 
{μM) 

DMSO 

5 

+ 

+ 

h1・calponm * * (-b ~ 20 
3 

i15 
完

~ s 
2 
号

EGf (10 ng/ml) 

U0126 (μM) 

SP600125 (I.M) 

α-SMA 

本* * ，-------， r--ーーー.，，---ーーーー・1

C-a 
40 
Z 

~ 35 

330 
主

~ 2S 

g 20 
i1 1S 
210 

" ~ 5 
ω 
<< 0 

EGf (10 ng/ml) 

U0126 ().1M) 

SP600125 (μM) 

+ + + + + 

5 DMSO 5 5 DMSO 

10 

Fig， 3. EGF-induced MEKjERK-mediated signals Ilegatively regulate MF differentiation ofthe PDL-derived 

EPC-like fibroblastic cells. (A) Cells were treated with EGF (10 IlgjmL) with or without MEK illhibitor UO 126 

(1-5μM) alld cultured for 3 days. Thell， the total RNA was isolated， and the expressioll patterns ofMF mar-

kers (a，α-SMA; b， h l-calpollin; c， colIα1) were evaluated by usillg qR下PCRas described ill Materials alld 

Methods. The mRNA expressioll levels of these gelles were Ilormalized to those of GAPDH， alld the relative 

expression levels were shown as fold illcreases 01' decreases relative to the level in the control. Data are 

represellted as the mealls:t SD f01・4dishesおreach time point (*P < 0.01ゾホP< 0.05). (B) SCDC2 cells were 

treated with EGF (10 ngjmL) with 01' without UO 126 (5μM) and cultured fOI・3days. Next， the cells were 

immunostailled with (a) anti-α-SMA (red) 01' (b) allti-hl calpollin (red)， and thell the cells were labeled with 

phalloidill (green) and DAPI (blue) as described ill Materials alld Methods. Scale bal; 50 11m. (C) Cells were 

treated with EGF (10 ngjmL) with 01' without UO 126 (5凶1)and JNK inhibitor SP600125 (7.5-10μM) and 

cultured for 3 days. Then， the expressioll patterns of MF markers were evaluated as described in (A). 

7.5 DMSO 10 7.5 DMSO 

ij 

ピ
ω
U
d
-
《》晶

EGF possibly affects fibrous tissue remodeling in mechanical tensile force-loaded PDL by 

controlling the MF  differentiation ofthe PDL-derived EPC・likefibroblastic cells 

Using the tensile force application method against cultured cells on plastic tissue culture 
plates as described in Materials and Methods， we examined how tensile force affected the 
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exp陀 ssionofMF differentiation markers in SCDC2 cells. Chan， et al. previously reported that 
the tensile force against sl integrin on the cell surface ofhuman gingival fibroblasts induced 
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Fig. 5. EGF stimulates migratory activity of SCDC2 cells in a MEKjERK.dependent manner. (A) Cells were 
seeded in tissue culture dishes with a basal growth media containing FGF-1 (10 ngjmL)， as described in 
Materials and Methods and cultured for 22 h. Subsequently， EGF (10 ngjmL) was added to some ofthe cell 

culture dishes， which were incubated for 2 h. Next， TGF-s1 (3 ngjmL) was added to some of cell culture 
dishes， which were then incubated for an additiona130 min (lane 1， no treatment; lane 2， EGF alone; lane 

3， TGF-s1 alone; lane 4， EGF and TGF-s1). Then， phosphorylation of cofilin at Ser3 was evaluated by using 
western blot analysis， as described in Materials and Methods. (B) The migratory ability of the cells was 
assessed using a Boyden chambel; as described in M aterials and Methods. Data represent the mean:!: SD of 
四 perimentsconducted in 3 chambers r p < 0.05). 
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the polymerization of globular actins (G-actins) that anchored to s1 integrin， resulting in 
formation of the integrin-anchored filamentous actin (F-actin)， and subsequently induced 
the expression ofMF specific markerα-SMA [26]. Firstly， we examined whethersuch a tensile 
force against the cell surface could induce F-actin stress fiber forl1lation in SCDC2 cells. As 

shown in Fig. 4A， a permanent， magnet-generated tensile force against the s1 integrin on 
the surface of SCDC2 cells， mediated by collagen・coatedmagnetite beads， clearly increased 

the amount of bead-integrin-actin complexes in a bead-volume-dependent manner (lanes 1 
to 3 ofthe top 2 panels). In contrast， little or no actin binding to the collagen骨coatedbead-
integrin complexes in the cells was observed in the absence of force application (lane 40f 

the top 2 panels). In addition， non-coated beads bound to neither s1 integrin nor actin， even 
if tensile force was applied (lane 5 of the top 2 panels). Moreover， the tensile force or bead 
application did not alter the protein expression of s・actin，s1 integrin， or GAPDH (bottom 3 
P却 els).These 陀 sultssuggest that the experimental system generating tensile force against 
s1 integrin works as expected: the tensile force against cell surface induces the for・l1lation

of F-actin stress fibers. We also found that a tensile force against s1 integrin on the surface 
of SCDC2 cells significantly upregulated the expression of the MF marker α-SMA (Fig. 4B). 
Intriguingly， EGF (10 ngjmL) clearly suppressed the tensile force-induced expression of 
α-SMA， and the suppressive effect of EGF on MF marker expression was partially inhibited 

by U0126 (5μM). 
On the other hand， TGF-s has the ability to induce the di釘'erentiationof various types 

of cells into MFs that typically exhibit the formation of F-actin stress fibers [reviewed in 29]. 

Therefore， we evaluated how EGF affected the TGF・s-enhancedF-actin stress fiber forl1lation 
in SCDC2 cells. Immunofluorescence analysis revealed that EGF did not inhibit this effect in 

SCDC2 cells (green; Fig. 4C， right panels)， whereas EGF clearly suppressed TGF-s-induced 
α-SMA expression in SCDC2 cells (陀d;Fig. 4C， left panels). The suppressive effect ofEGF on 
the TGF・s-inducedα-SMAexp陀 ssionwas similarly demonstrated when using the qRT-PCR 
analysis (Fig. 4D). In addition， EGF alone did not up陀 gulatethe expression of α-SMA， either 
at the l1lRNA or the protein level (data not shown). 
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EGF stimulates SCDC2 cell migratory activity in a MEK/ER必dependentmanner 
As shown in Fig. 4C， EGF did not inhibit the TGF-s1・enhancedstress fiber formation in 

SCDC2 cells. However; EGF did seem to cause the cell morphology to change from a spread-
out shape into a narrow and three俗dimensionalshape (data not shown)， suggesting that 
EGF is also likely to induce actin cytoskeletal reorganization. First， we evaluated whether 
EGF affected the phosphorylation of the actin-depolymerizing factor cofilin at Ser3， as the 
depolymerizing activity of cofilin is negatively controlled by Ser3 phosphorylation [30，31]. 
As shown in Fig. 5A， EGF clearly supp陀 ssedthe TGF-s1・inducedphosphorylation of cofilin 
at Ser3， suggesting that EGF possibly affects the status of actin cytoskeletal reorganization. 
In general， as the actin cytoskeleton is a key determinant of cell shape and motility [reviewed 
in 32]， these findings suggest that EGF might affect the morphology胡 dmigratory activity 
of these cells. 
To examine whether EGF affects SCDC2 cell migration， a l1ligration chamber assay was 

performed， as described in Materials and Methods. As shown in Fig. 58， EGF (10 ngjmL) 
significantly stimulated the migratory activity of SCDC2 cells. Intriguingly， U0126 (5μM) 
significantly suppressed the EGF-induced migratory activity， whereas SP600125 (10μM) did 
not. In addition， we confirmed that DMSO (the vehicle for the MEK-and JNK-inhibitors) did 
not affect the migratory activity ofthe cells (data not shown). These results strongly suggest 
that EGF stimulates migratory activity through MEKjERK-mediated signals. 
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。iscussion
Type 1 collagen turnover in PDL tissue occurs at rapid rates: in the skin of adult rats， 

the mean rate lies between 3 to 5% per day， although rates of 11l0re than 10% a day have 
been observed in PDLs [reviewed in 33]. Structural and biochemical changes in type 1 
collagen we陀 observedin PDL tissue during the tooth 11l0vement through alveolar bone 
by orthodontic force application: matrix metalloproteinases (MMPs) played il1lportant 
roles on the rem odeling of PDL tissue through the degradation of type 1 collagen， which was 
one ofthe main components of fibrous connective tissue in PDL [34]. Intriguingly， MMP-13 
(collagenase 3) expression was induced in both the cOl1lpressed-and tensed-sides of the 
PDL caused by unidirectional orthodontic force loading on the rat l1laxillary molars [34]. On 
the other hand， Nakagawa et al. demonstrated that type 1 collagen gene expression during 
orthodontic tooth 11l0vel1lent was 11l0re pronounced in the tensed-side of rat PDL rather than 
the cOl1lpressedωside [35]. These findings suggestthat the remodeling offibrous tissue in the 
tensile force-Ioaded PDL seems to be faster than that in the absence oftensile force. 
Differentiated MFs exhibit specific characteristics such as an increased production of 

extracellular matrices (ECMs) involving type 1 collagen， the development of F-actin stress 
fibers [9]， and the expression ofthe cell contraction-related 11l oleculesα-SMA and h1-calponin 
[9，36]. As described above， the expression ofα-SMA in the tensed-side ofPDLs was induced 
during orthodontic tooth 11l0vel1lent in ふweekl1lale rats [10]， suggesting that PDL fibroblasts 
might possess the potential to differentiate into MFs in陀 sponseto mechanical tensile force 
loading. Intriguingly， we previously demonstrated elevated expressions of the MF l1larkers 
α-SMA and h1・calponinin the PDL-derived EPC・likeSCDC2 cells following stimulation with 
TGF-s1 [8]， suggesting that PDL tissue contains progenitor cells of differentiated MFs that 
can play important roles in remodeling fibrous tissues in PDL by producing ECM molecules 
such as type 1 collagen. 
In this study， we first demonstrated that EGF stimulated the proliferative activity 

of PDL-derived EPC・likeSCDC2 cells through intracellular signals mediated by EGFR and 
its downst陀 amsignaling molecules MEKjERK and JNK (Figs. 1 and 2). In contrast， as we 
p陀viouslyreported， the FGF・1・inducedSCDC2 cell proliferation was l1lediated via MEKj 
ERK but not JNK [37]， suggesting that the signal pathways induced by FGF-1 and EGF were 
partly distinct with respect to their effects on cell proliferation in these cells. 
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Next， an important pointto note is how cells coordinate proliferation and differentiation 
dur加gtissue reruodeling. In general， growth and proliferation are poorly corupatible with 
differentiation; proliferationjdifferentiation switches have been deruonstrated in diffe陀 nt
cell types [38-40]. The陀 fore，we e}・caminedwhether an MEK inhibitor and a JNK inhibitor; 
which have been shown to suppress EGF-induced proliferative activity in SCDC2 cells， 
induced the MF di仔'erentiationof EGF-stimulated cells. We found that the MEK inhibitor 
U0126 (5μ附，which completely suppressed the EGF-induced upregulation of proliferative 
activity in these cells (Fig. 2A)， clearly induced the expression of the MF differモntiation
markersα-SMA， h1-calponin， and colIα1 (Fig. 3A， B， and C)， strongly suggesting that EGF 
attenuates MF differentiation through a MEKjERK-dependent signal. In contrast， the JNK 
inhibitor SP600125 (10 I-lM) alone did not a釘'ectMF marker expression in these cells 
(data not shown)， even if SP600125 (10μM) alone totally suppressed the EGF-induced 
proliferation of SCDC2 cells (Fig. 2B). Thus， growth inhibition by a JNK inhibitor does not 
seel1l to be sufficient to induce the expression ofMF di仔'erentiationmarkers. Intriguingly， the 
JNK inhibitor enhanced the MEK inhibitor-induced MF differentiation ofthe cells (Fig. 3C-a 
and ・b)，suggesting that JNK・mediatedsignals may negatively affect MF differentiation status 
only when the MEKjERK activity is suppressed. These findings suggest a unique JNK-and 
MEKjERKωpathway crosstalk during the MF differentiation ofthe PDL-derived EPC-like cells. 
Chan et al. demonstrated that the tensile force against s1 integrin on the cell surface 

of HGFs induced both F-actin stress fiber forlllation and the subsequent upregulation of MF 
marker expression [26]. On the other hal1d， Mel1g etα1.， by using a cultu陀 platethat could 
be bent with a uniaxial fourψoint mechanical stress， demol1strated that l1lechanical tension 
stress inducedαδMA expression in cultu陀 dhuman PDL fibroblasts [41]. However; they did 
not elucidate the molecular mechanisms underlyil1g the tensile force-induced expression 
of αδMA in the cells. In addition， they did not investigate how the tensile force affected the 
F-actin stress fiberformation in the PDL-derived cells. In this study， we demonstrated that the 
tensile force ruediated by s1 integrin clearly induced integrin-anchored actin-polymerization 
in PDL俗derivedEPC・likefibroblasts (Fig. 4A). Intriguingly， EGF significantly inhibited the 
tensile force網inducedα-SMAlllRNA exp陀 ssionin a MEKjERK-dependent lllanner (Fig. 4B). 
Co削inis an actin-binding protein that works as a key molecule for actin filament 

reorganization by depolymerizing F-actin stress fibers， resulting in cell shape change 
or cell migratory activity [陀viewedin 42， 43]. Cofilin activity is negatively regulated by 
phosphorylation at Ser3. As shown in Fig. 5A， EGF was able to decrease the TGF-s1・induced
phosphorylation of cofilin at Ser3 in SCDC2 cells， suggesting that EGF possibly stiru ulates the 
cofilin-lllediated migration of the cells. Therefore， we examined whether EGF could affect 
the cytoskeletal reorganization and migratory activity of SCDC2 cells and found that EGF 
significantly activated the cell migratory activity through MEKjERK-mediated signal (Fig. 
5B). Xie etal. previously demonstrated thatEGF activated both the proliferative and migratory 
activities ofmouse fibroblastNR6 cells， which were derived from mouse embryonic fibroblast 
Swiss 3 T3 cells， in a MEKjERK-dependent manner [44]. Sim ilarly， here we dem onstrated that 
EGF activated both the proliferative and migratory activities of SCDC2 cells in a MEKjERK-
dependentruanner(Figs.1， 2， and5). Taken togeth町 EGFappearsto promote the proliferation 
and migration of mesenchymal cells in a MEKjERK-dependent manner. Intriguingly， Pho et 
α1. previously reported that the level of cofilin phosphorylation at Ser3 was increased during 
MF differentiation of cells derived from porcine aortic cardiac valves [45]， suggesting that 
phosphorylated cofilin seems to be a characteristic of MF differentiation. As shown in Fig. 
5A， we demonstrated that the TGF-s1・inducedup陀 gulationof cofilin phosphorylation was 
suppressed by EGF in SCDC2 cells. In addition， EGF significantly inhibited the tensile force-
and TGF-s引lducedMF differentiation of the cells (Fig. 4). Thus， our finding that EGF inhibits 
both cofilin phosphorylation and MF differentiation is compatible with the report froru Pho 
etα1. that MFs have a much greater ratio of phosphorylated cofilin to non-phosphorylated 
cofilin than undifferモntiatedpremyofibroblasts. 
In gener叫 theabilities of stemjprogenitor cells to proliferate， migrate， and di仔erentiate

into specialized cells a陀 essentialfor tissue rel1l0deling and regeneration. Here， we 
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demonstrated that EGF induced the proliferative activity of the PDL-derived EPC・likecells 

in a MEKjERK-and ]NK-dependent manner. In addition， EGF promoted cell migration in a 
MEKjERK-dependent manne工Moreover， EGF suppressed the MF differentiation of the cells 
in a MEKjERK-dependent manner. These findings are helpful in understanding the cellular 
and molecular mechanisms underlying the 陀 modelingor regeneration of ligament tissue 

during tooth 11l0Vel1lent by orthodontic treatment. 
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