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Figure 1. The gene expression of TLR2 was examined by RT-PCR and
MDPC-23 cells were treated with PamsCSK (1 pg/ml) and phosphorylation

of IxkB-a and MAPK was examined by western blot ««--cerereereereeenns 7

Figure 2. Growth inhibition effect of PamsCSK in MDPC-23 cells

Figure 3. The effect of PamsCSK-induced adhesion -««-rosrveerereeeeenee. 10

Figure 4. The effect of PamsCSK-induced migration «-::-o-rreerereeeee-s 12



ABSTRACT

TLRZ activation promotes adhesion and migration of

murine dental papilla derived MDPC-23 cells

Shin Dong Eun
Advisor : Prof. Sang-Gun Ahn, Ph.D.
Department of Dental Science

Graduate School of Chosun University

Odontoblasts and/or dental pulp cells are responsible for tooth repair as
well as dentin formation. Adhesion and migration are critical processes for
tissue regeneration. This study was performed to clarify whether Pam3
modulates adhesion and migration of a murine odontoblast-like cell line,
MDPC-23 cell and TLRZ2 signaling is engaged in this process. TLR2
expression in MDPC-23 cells was examined by RT-PCR. Adhesion assay
was performed using type [ collagen—-coated plates. Migration ability was
determined by a commercial assay Kkit. Phosphorylation of IxkB-a, JNK,
p38, and ERK was examined by Western blot analysis. TLR2 was
functionally expressed in MDPC-23 cells. PamsCSK treatment enhanced

adhesion and migration of MDPC-23 cells in a dose-dependent manner.
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Blockade of TLR2 using its antibody restored PamsCSK-induced adhesion
and migration of MDPC-23 cells. These findings indicate that PamsCSK,
an Immune activator from gram negative bacteria, can promote adhesion

and migration ability of MDPC-23 cells via TLR2.



L A&

E

LA

o{o

< #Adel diFdsts A WA W AAR, gRE
macrophages®} dendritic cellsol ¢]&] Z& %} Pattern recognition
receptors (PRRs)+ lipopolysaccharide (LPS)®} -2 pathogen associated
molecular patterns (PAMPs)e] 1241 F3] Ax W whgo] Alzte),
PRRs %, Toll-like receptors (TLRs)2 7H¢ & &#xl F8&Aolvh. TLR=
ZFA = mAE BE2EE LPS, lipoproteins, lipoteichoid acid (L'TA),
dsRNA, ssRNA¢} bacterial DNA® CPG motifE 23t dvk (1, 2).
TLRs2 MyD88- H:i= TRIF-dependent pathwayES E3 NF-xBe}
mitogen-activated protein kinases (MAPKs)7} #&43 Hozx AFA
cytokines®] AAHS #-=3Hc} (1, 2).

BolRAEE AAd#AA FHld HFAER, AN HAES ASAIRS
A A4 Wl vbS-S A (3 4). HE Aol A A Aol A Lo A
TLR2¢} TLR4”7} IL-1B, TNF-a, human beta defensin-2 (hBD-2)¢} #2&
ASA 2HAAE] F71E FESO RN 7sHo R dEstE AL g9l
Attt Durand & ol A Eo|A TLR1-6% TLR92] mRNA7} 2& &t
LTA #=9°] NF-xB &4& §%23t3 TLR29 #dxtet da =59 F
E fregtta Hastdtt (3). ol d AME S AolEA XA TLR A SE
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A st gyt 7oA 22 & FQ3 Aot aeEE B A
oA, TLR2 agonistl] PamsCSKE Alg&3ste] AF AFFoA Hdd
MDPC-23 AM|3ze] F2 2 o]ls g3& g]lstaztsatt.



1) AEwE 2 A

18-19¢ ¥ CD-1 A AfFFolA e MDPC-23 AlXF5 AH&3tdth
(8, 9). MDPC-23 A3+ 10 % fetal bovine serum, 1 x MEM non-essential
amino acid, 100 U/ml penicillin® 100 pg/ml streptomycin®] 3Xx3%+¥
Dulbecco’s modified Eagle medium (DMEM)ol A 37 C, 5 % CO0.,9] Z4A3}
of Ah viatHtt. PamsCSKE Invivogen(SanDiego,CAUSA)S 2 KE
dste] AR8sESlar, TLR2 &A= IMGENEX(Sandiego,CA,USA) 258 F¢
sho] AFE-SFA
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2) Reverse transcription-polymerase chain reaction (RT-PCR)

MDPC-23 Al T=x= AxH nvF ZZF oA Qiagen RNeasy Mini kit
(Valencia, CA, USA)S Al&3Fo] RNAS F%31t 1 ng RNAS ARE3}
o cDNAZ 3A3d T Superscript'© One-step RT-PCR with platinum®
Tagkit (Invitrogen)E& AF&3t3 L, olele] primerg AF-&3ste] PCRE 33}
A
TLR2, F: 5-GATGCCTACTGGGTGGAGAA-3

R: 5-CGCAGCTCTCAGATTTACCC-3
GAPDH, F: 5-CCAAGGTCATCCATGACAACTTTG-3
R: 5-GTCATACCAGGAAATGAGCTTGACA-3

PCR =712 94 T 30 %, 62 C 30 %, 72 T 30 %, 72 C 10 &+& 233t
TLR2E 94T 5 ¥, 35 cycles¥} GAPDHE: 25 cyclesS 338ttt 15

-

X

acrylamide gel¥} Gel documentation system (Bio-rad, Hercules, CA, USA)
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3) MTT &4

MTT 4|2k Thiazolyl blue Tetrazolium BromideE #% %% 5 mg/ml
7 Hl=% PBSe| H<l & H& Awsta 4 Toll Bt MDPC-23 Al
2 Al 12 well wiEHA o] 1x10°712 a1 vl PamsCSKE

FTEEE 24 AR AY -, MTT 45 9aL, 37 TollA 3 A3ks wfdstal

ke

ok AE EpSAS A AT F acid-isopropanol  (0.04 mol/LL. HCL in
isopropanol)S ¥53}3 dark blue crystalsg £31A1Z1 5 96 well v FFH A

2 %7 % Microplate Autoreader ELISAES A}g3le] 570 nme| H# oz

4) Western blot &4

g Aol B2 938 Lysis buffer (1% Triton X-100, 150 mM NaCl, 5

mM EDTAS®} protease inhibitors)E Ab&3ste] wujads &3 5
Micropalte AutoreaderE AF&3}o] 595 nmolA FEE =Ad o, 20-50
pgel WA S 75-12 % SDS-PAGE gelS AFg3sle]l #7195 %, PVDF

membrane= ©| &3] transferE A]Y3FA T}t Blocking 5 % skim milkol
TBS (20 mmol/L Tris, 137 mmol/L NaCl, pH 7.6)& 1:1000 8]4]3te] ¥
Lo A A 2 AZF s, LAFA = phospho-IkB-a, IkB-a,
phospho-ERK, phospho-JNK, phospho—p38, p38 (Cell signaling, Danvers,
MA, USA)3} Actin (Santa cruz, CA)S 1:10002.2 3|2 3&}e] 4 C overnight
3tk Membranes< 0.05 % tween-TBS (TBS-T)E Al&3te] 3 3 A%
ahar, ol 2} A= 1500022 s|Aste] Aol 1 AIZE ek, whA
© 2 membranesS West ZOL PLUS reagentE AF&3le] LAS-1000 (Fuji
film, Japan) o2 =3}t

5 AX Fz 4
PBSel 50 ul9] type I collagens 3|A43ta, 96 well slFHAI] ZF well



of Wi 4 Tl overnight #geh. 1 Foll, 2} well& PBS®E Al#3}ki,
nonspecific binding sitesE& #|3t7] 9] 1 % BSAE ¥il 37 TollAl 1 Al
o gFegih o8 Fx9 PamsCSKE Wi 30 # Fol 5x10'4¢ AEZE
ATste]l 60 & HiSstS T PBSE o] &3ste] FAHA] &2 MEES
8lal 4 9% paraformaldehyde®] 0.5 % toluidine blue &S Y1 5 &7+ )
&3t = SHTFE AFGAY. AnAdES ol &ste] F3
1 % SDS 100 ul ¥ 3l Microplate Autoreader ELISA (Bio-Tek Instruments
Inc., Winooski, VT, USA) 595 nmoll A 3 =5 =AU}
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6) AE olF &4

ME ol% BEAE Chemotaxis Cell Migration Assay kit (CHEMICON)Z
Abgate] gelakglth. MDPC-23 AIZ5 7428k9] Migration kitell 1x10"7H4
Y 37 C, 5 % CO9 =dsle] 24 A7+ wjekstdtlh. Lower surface
membrane®] ©]F ¥ A3EE methanol® 114 % hematoxyling Al&3te] 5
BxEol A&t Olympus BX41 inverted microscopes AF-&3dto] AbzlS
Ao, olsd AEZFE FASAT. 18, o] FH MEE cell lysis buffer®
lysis %, CyQUANT GR DyeE A3}, fluorescence palte reader
(Varioskan, Thermo Electron Co, Waltham, MA, USA)® 480/520 nm% 3}

ol A =kl

7 AR B4

RE EASA BEAES Microsoft Excels AMg3stith. 21z Az di3h

t-testE Alg&dle] oA HAS 3 ZAI p-values <0.05 0.01, 0.0012 &



m. 2

1) MDPC-23 A ¥9]4 TLR2 23 2 NF-xB¢ MAPK A% &43

MDPC-23 AM3o|A 2] mRNA &S gRlst7] ¢8l, o=z AF 4
olq %%3 RNAZ A&dke] RT-PCRS Adaich tz $d4=
GAPDHE olgdle] = wad A=s #23 2%, 47 Wi %3

]

“

RNA<} MDPC-23 /ﬂ]fTL_Oﬂ A 223 RNAO|A TLR27} 2w&@dte ghelat 2=
AR}t (Fig 1A). o=z TLR 23ZoA Fa38 4938 3= NF-«B9

MAPK 213 E western blot W o2 gQl&titt, MDPC-23 Ao TLR
agonist?] PamsCSK 1 pg/ml #glstar 30 ~ 90 & o] @ zas F=3lo
western blotE A&t 23} IkB-a= 2 W3t= $IAA T phospho-IkB-a”}
AR FrtekeE AE gRletdth. EdH phospho-ERK, phospho-]JNK,
p38, phospho—p389] FFo] APEE Frletes A& sttt (Fig 1B).
o] A#z MDPC-23 A|3Eo|A TLR27} 2d3+S &<lat¢lal, TLR27F NF-«
B¢ MAPK 435 & =ddvs 2S Felssih
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Figure 1. The gene expression of TLR2 was examined by RT-PCR
in mouse spleen and MDPC-23 cells (A). MDPC-23 cells were

treated with PamsCSK (1 pg/ml) and phosphorylation of IxkB-a and
MAPK was examined by western blot (B).



2) TLR2 agonist’} MDPC-23 Al ¥ A v X &= 9

MDPC-23 Al Zl4 TLR2 agonisty! Pams;CSKell 3] AEA 2 F24
of M= JIFS BFEEr] Y, MTT 248 A Fe3th PamsCSKE 0.1,
1, 10 ug/mle] v s== MDPC-23 Al A8 ata MTT #AS A3
& A3} PamsCSK 0.1, 1 ug/ml =4 Ax 44 AAZH7 o
PamsCSK 10 pg/ml F=olA MDPC-23 A3 AAZHE et
(Fig 2). o] 232, TLR2 agonist?] PamsCSKell 293 MDPC-23 Al =
2 o]Fo] PamsCSK 5% 5 1 ug/mlz AREste] A& skl
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Figure 2. Growth inhibition effect of PamsCSK in MDPC-23 cells.
PamsCSK inhibited cell proliferation in MDPC-23 cells was
measured by MTT assay. The graph represents the relative number
of cells from three separated experiments. ** p-value <0.01,

statistically significant when compared with the control.



3) TLR2 agonist?’} MDPC-23 Al ¥ ¥ & o] v X &= 93

Pam;CSK”7F MDPC-23 A X9 AE F25 Fieste=A &elstr] 98] Al
F2 BAe Akl PBSOl 50 ul] type I collagens 3413}, 96
well W FEHAY] ZF well o ¥ 4 Teoll WA} wigetdet. 1 Fof, 7} well
S PBS® A& 3}, nonspecific binding sitesE ¢ A5F7] 98] 1 % BSAZ
231 37 Cold 1 Az wieksta, ole] %9 PamaCSKE ¥ 30 # Fof
5x10'70e] AEE AFste] 60 ¥ ettt PBSE ol &3te] HFu A o
S AEES At 4 % paraformaldehyde] 0.5 % toluidine blue & &
5 & widd ¥, SRR AHEAL, 1 % SDS 100 ul ¥
Microplate Autoreader ELISA (Bio-Tek Instruments Inc., Winooski, VT,
USA) 595 nmolA F3=E S, A4 23 PamsCSK A 2]kl A
22 vlaste] §oAdUd Al MDPC-23 A2 Ml3x F-zho] Frtsts RS
Astdh (Fig. 3). o2 TLR2-5°9] A& AF83 PamsCSKell <

8H Frie¥ = MDPC-23 Al3Ee]  FFpo] gaFs wA=A dopr gir
MDPC-23 AEE Agdte] Alx F25 Shlgh A3, TLR2 Ao &3k Al
FREL gz vkl w xkol7b wrA] eF kARl PamsCSKell ] &l
7 9" 7 vt S W, PamsCSKeF TLR2 SAE Al st wolAe
AE FZo] AASA i Ae st (Fig 3). o Z34=
MDPC-23 A3 A TLR2 agonist?l PamsCSKell 28] A Fzlo] fF =%

b

al

i
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Figure 3. The effect of Pam3sCSK-induced adhesion. MDPC-23 cells
were incubated with or without PamsCSK (1 pg/ml) and TLR2
antibody (10 pg/ml) for 2 h. Cell adhesion was quantified by
counting the number of adhesion cells. The graph represents the
relative number of cells from three separated experiments. * p-value
<0.05, *x p-value <0.01, statistically significant when compared

with the control.
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4) TLR agonist’} MDPC-23 M ¥ o]&o] v X = 93

PamsCSK7F MDPC-23 M X9 AHE oS F=5+=4 Zlsdtr] &) A
X o]lF EAS Adgetgdth. MDPC-23 AlZ2E AlFate]l 1x10'048 ¥ 37
T, 5 % COx¢ x=73te] PamsCSK 10 ug/mlg 24 Al A& sko] v et
th. Lower surface membrane®| ©°]s¥ M3EZE methanolZ 1%
hematoxyling Ah&3tel 5 #-&t @Attt Olympus BX4l inverted
microscopeS AE3e] ALXS A olFH AEFE =AY Ad A
7 PamsCSK A glatoll A tiZxa"2F vlaste] Fo)d d Al MDPC-23 A3z
AE oles frste As sl (Fig. 4). TLR2 5o] A& A&t
o] PamsCSKell 9l&] X% = MDPC-23 A9 o]go gas v X =4 &
ofr ottt AF A, TLR2 IAE A Fo 2N PamsCSKell o3 x5+
AE olsol AAsHA Hacks s FQlsidn (Fig. 4). o ZA3d=
MDPC-23 A|3oA PamsCSKel o8] fr=t¥+= A*E o]Fo] TLR2E &3l
o] Fojxitt= AS gkt

ke
T
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Figure 4. The effect of PamsCSK-induced migration. MDPC-23 cells
were incubated with or without PamsCSK (1 pg/ml) and TLR2
antibody (10 ng/ml) for 2 h. Migrated cells were counted by
transwell assay. Cell migration was quantified by counting the
number of cells that migrated into the inner membrane. The graph
represents the relative number of cells from three separated
experiments. * p-value <0.05, =** p-value <0.01 statistically

significant.
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V. 7z

TLR? &AL microbial products®} endogenous ligandsES X33k F71X
THE B3l A A frol #dAsth (5). F FF} BE A oA BHo A
Heol uie wE 3z £4 39 LPS¢ lipoprotein® S  bacterial
productsell ¢]af TLRe|] &/d¥ vt %o, 1H A4, A3 e B& 24
ol =& <£42 heat shock proteins, high mobility group box 1
(HMGBD# =AY Foj7l= AEX=E5H L+ uric acid®f #2
endogenous ligands®] %9 A3 & TLRo| @A 3ty 1, d=o] A}

24 E4e] 9lol TLRso &= & Zo] Hed, 74 Wd g3 &
224 7+ AsolA TLR2 T TLR4E 494 &49 ost2 Z7A70t
(10, 11). ¥k oA, TLR2/TLR4-MyD88 4l &= DSSol 93] fZ=%+&
e 2= Aol Aol FaHeln (12, 13). AlvE LPS Als+=
TLR4/MyD88 W|e|&E4 2S5 &8 TGF-B A=& F3 o] A#3tE
Aot (14). o]y s A+ Ax= TLR A&7 F3d WAYUSES &3 =24 A
Aol A DA stA AduEe] s Aew AZHE

Aote] AW 49 Aokl WA b R Am AgoE pFEn

Hir

(15-17). A=) npg HHe] AREQ AolRAXE ASuS nl7bA =
Aok AR A &S ) °HE TLR A&7 FRAZ o ukgof A
S7FAIRE (3), o9 A TLR A&7k ot Al xe] x4 AAARAY 2d¥=A
HEEA g AA gk AL AR AFL AA, AT AFsk #
A, 7 A, AR AL Al HA BlRdy Ao A xR R
o Al kA A Foll, NE F3FH olFe A AAA Fag HHolth
ageg o] dAgdlA TLR29 &4 387 MDPC-23 A3 §-2t3} o] &0 n
A= dFgFS A

& Abol A Zo A TLR1-6% TLR9¢] 7|5 Aoz wdsctt= B vt

p

S
=
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Atk (3). Lipopolysaccharide (LPS)7F NF-xBe] | o]& o] zALe] f o}
TLR49 F7He frxter gd BdS S7HA I o] AFolA, B3 A
oA fel® MDPC-23AEE AH83h9th. MDPC-23 AlEe] PamCSKE
Aeste] TLR29] @S #9sklal, IkB-al <14bst 3 MAPK 2%
S7he gelskdth o] A¥i= MDPC-23 Al XA TLR27F 7154 os 28
< Fde S YedY Az BRI olE EAdA PamyCSK A=l
MDPC-23 Alxe] F23 o5 Frbe] JFS mA= AL s,
TLR2 @A E AH&3ste TLR29 7%
AlES  gelarh oY A AotrAlxel xF A A

TLR27} T a3 Aq&s & o AYzdan,

rulo
é
ol
ol
8
filo
=
=
bl
x
Sy
i)
©
offt
©

o]del <« A Porphyromonas gingivalis fimbriae?} Phosphoinositide
3-kinase (PI3K) Al& & &3 Mx F2o] &S wdvh= 2k Aok
(19). PISK+= Focal adhesion kinase (FAK)®] 4ls& xd3sotar 4 A 3l
a1, o] ¥ s FAK+ integrinoll 93] =4d¥ = AEE 243t} (20, 21). o]y
3 ligandE ©3% integrindl A&7} AL EwW FAKZF Q2bsb7F ¥ar, Akt,
ERK, JNK¢} 22 & o Atsh7t ek o] AFdAE B
JA R, PamsCSKell €3 MAPK 41359
2 Wk mAYSd tig A5 28 AoR

2
lly

ke
1-integrin®] A% +=
wsks #Fstda, o
CEa =

AzHo7 o] AFE T3 Pam;CSK7F TLR2 ligandE 53l MAPK &
9 AEE AXH AF AFFAA e MDPC-23 AlEe] F3a) o5 &
Zhell FES WA= e RISk, o] A= TLR27F Ao A Fa
g A% & Zolgta AZtHTE AolRA XA AF7HA o7 TLR 4%
o HdS FAsar, olglg TLR A&+ Adtd &35 ez 917 o
o, o83 A2 ugro g AolmAE e ofe] FF TLRso] o9

H9% Ho=

=1 =2

et
e

3} A

o
g
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i)
rr
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