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£t % o]FE 5 glojof gt ol we} X273
HE Aol 2 5 A28 #4 AEET] &
%% 714 (matrix), & YEWE AT A3 7]
Aol gt olal=
A a3t g

A (matrix) & substratumell H 2= & 713

focal adhesion®.2 AHH " AZAHE F9| 3
Z2 & 74 A9 M = hemidesmosomes %
slod A E-7]4 A2 (cell-matrix adhesion) S F4
e 29 A folAE 9} AT EE B2 YT Al

2 Alxgo] 714 E& substratumel] 2F A2t
A k3 Bt=A] A 9] 7] A (extracellular matrix,
ECM)E E3td Al 29-E oA (transmembrane
protein, i.e. integrins), MEZATNA (cytoplas-
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mic protein, i.e. vinculin), 283 AEXEFHFZE
(cytoskeletal structure, i.e. actin filament) 52
A2 Q) protein cascade@A] & E-34A) (adhesion
complex) & A gt.”

.2 B

B Lol A& focal adhesion® A 3= A E 9|7
2 Axetegaud Axddad AE3grz
59 BAEST 7] 5S B8 ARt R HE-
714 A3 7149 olalE FuArtt. ofge HZ
#alol A 2 e 3-D matrix adhesion® 2-D
matrix adhesion®] Bl E Sa vl X712 A
2 Ao BEFS o 23 B nxTo R AWML
o] AE-7]d Hzbol 3 2keFs] LofH ) i),

M Z2]7|& (extracellular matrix, ECM)

ECME T+ @88 3 polysaccharide® ©} 50
A o Aox F2H(adsorption) AV A EZ
28 2HEn £33 TolE ECMY okt FAE
Eol ¥XA A X ZHze] F328-S Hstd A
£219] meshworks @43t ® ECM< 712 &4
(scaffold) .2 ZH8-at] F24Q1 42 o|FAY
714 &-& substraum™ Al ¥3H] ‘molecular glue

£ BAEAR 27198718084 (01-PJ5-PG1-01CH12-0002]¢] Aol 9Jata] o] Foid A<,
T T @21 AT st AAH



o A2 Yot AAoAE 9 71-e] 72
Q245 g93he EAQA ECME collagen
24 collagen scaffolde} Fe|= F&-E @3t} 7]
At Ao Balol #AEE FA9 ghae
laminin®” (BF A E F&), fibronectin® vit-
“ronectin®® (A gobA Feol| E2) | hone sialoprotein
3 osteopontin'®'’(ZotA| el F&)Fo] Sl
ECM< o] 9]el = proteoglycan®] e = A ¥o] &
2] (proliferation), #3}(differentiation) ¥ °|%
(migration)ell Al 9&-E 3 ac} o] g proteo-
glycan& glycosaminoglycan®2 =41 pro-
tein core®] FE)ZA lectican, SLRPs, heparan sul-
fate proteoglycans o] 3ith.”” ECM2 w%- 9%
A o] 31(dynamic) Y gLl 7125 = (remodeling) +
zg2 o]lg] & ECM9] 7| % (remodeling) & 938
F A2+ matrix metalloproteinase(MMPs) 7} tl &
Aot} ¥ A frobr X8} A 2-7]F FZ A 71 F
L3 et ECM @ A2 fibronectine] W 3
= o 2238 AolA AEZ-71AE G FZelA
744 F88HA A4-she ECM B934 fibronectin
oM HZ throl xZFE AelA AEAFS
& (cell-binding domain)$! fibronectin® RGD
peptide synthetic RGD-modified polymer® %
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Integrin =24

Aol o] A x-713 A2 (cell-matrix adhe-
sions) 9] 714-& A3} focal adhesion vi$ &
ZH3 protein cascade® TFAH ] i3t o]dl Hods}
£ Ao 2 A7 geix duAnt g w 50717}
Herh @ Ao Eel A2-714 322 integrin
receptor family?t QAR e 2A 1 4wl wet
focal compiéx’, focal adhesions, ﬁprﬂlar adhesions
2 EReH 4249 58S s 1= sk
t} (Table I) Al U 91& du=& Fejo] Axu}
A9l integrin receptor familys a9} p]
subunito.2 o] Fo)zl o] & A (heterodimers) 241
7= (ligand) 23S 993 A X9 (extra-
cellular domain), AEF#%Y A (transmembrane
domain), AEA 44 (cytoplasmic domain) &2
TE ¥ Integrin® A 22 A2 (adhesion),
°] % (migration) 2 A1 &4 < (signaling)ol 27322l
AEE FHee Ao EA doh o A E-7E

Table I. Integrin-mediated matrix adhesions of fibroblasts

Focal complex

Focal adhesions Fibrillar adhesions

structure small, dot-like
structure
integrins s
mediated
cytoplasmic
. unknown
proteins
induction of
. Rac
formation

maturation into focal

main function .
adhesions

elongated, dot-like
structure

oval, peripheral
structure

ayfs & asP asp

tensin, parvin
and more

paxillin, vinculin, FAK
and more

Rho activation and Rho kinase and

external force Diaphanous
maturation into focal
adhesions via clustering fibrillogenesis

& translocation of a8

FAK : focal adhesion kinase

Rho : D-antigen of the rhesus system, GTPase of Ras superfamily

Rac : GTPase of Rho family
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Focal adhesion Fibrillar adhesion

A YAH focal adhesion EZA A FA|
o £a18td (co-localized) integrin &A1 afs
9} asp1-& Rhool &3}l X ojR-2XRE9 A
A ol 93} clustering® t}. Multi-ligand recep-
torQ! @fs integrine focal adhesion F-$¢l @olal
Al H31 fibronectin®l A%3HE asf1 integrine
focal adhesion® ZHE 2454 E2lHo] Alxek-&
uket Al W actin microfilament bundle©ll % 331
o] & (translocation) 3} fibrillar adhesiong &4
gl 22 (Fig. 1) o]uf ashr integrin E3A2] o) &

2o AE A actomyosind &% F&%
(actomyosin-driven contractility)o] A3l o]n]
EAeta YA AEdFN Al fbronectindl & &)
AgE o] 7148 (tension)o] FAET) o|F A 2wt
¥ fibronectin®] 7148-& fibronectin® &4 F
synergy site®} RGD loop AFo]9] cryptic siteE =
ZA71A €t (Fig. 2) =28 cryptic site® 4
2 2 fibronectin fiberZ°] polymerizations ¥.2#
fibronectin fibrillogenesis7} F+2=d AFog
fibronectin®] F7} = ECMe] AlE W T+ 7|2
goll et ARG ® wpeb 22 fibronectin
= T A8 #E8A £ esbr integrin® L
AT A2 d2A = synergy site] $840]

75

RGD loop

Synergy site

Synergy site
\ RGD loop
?‘z Cryptlc site /
ﬁi TN e
G strand

Fig. 2. Fibronectin exposure of cryptic site.

Hztem ok 23k9] Z]=oM o] A Eujek A]
focal contact == 2719 focal adhesion®| A pax-
illin, vinculin, 943} FAK 5] the 7= w
W asf1 integrin®} S #H fibrillar adhesionoi A&
tensin®] EAA o2 WAL P EAN in vitro
A v gl A Aot E e} mesenchymal cell5-2
focal adhesion® 323 EF2 AHg3lo] S A
integrin® 9F4< ol5< 3l 533 7|2 A
g £ e AAA AEY7AE A&Feg v
Eo] vzttt

A8kl 3 (mechanical force) 34 A ¥ o} 22 €]
et 7ol ¢ 283 JEE Ivu LA
AT AAZ AL FEo A d8tRel Fe A=
40 4, A 0E, B3l 2 34 YE] 4
-2 £U.* Integrinol] 93 Al £Q 2284 (inte-
7t
(mechanosensitivity) S 7FA™* integrin A< 9
A &g A g 7Hdol AAE AT o3
AIEL oln] o Holo|q Edut FE A
© 849 7%, 79 A, 259 A4, A8y
ol vl WISHAl 18- 3 It ** Integrinell ¢
g Al EFAR Al o] MR Zho] P vl
e AL #H2e AFENA o)n] AFHA

grin-mediated ahesion complex)+ % 3HA4



T} %% Z M X E focal adhesiono| focal complex
o} 2 JAT2E Tt F2E substratumel] A
1 (tractional force)< 7+t ¥HA, actomyosin®ll
oJate] A EE 21387 ofd Agshe substra-
tum®] AT Aol FAFRIAYE Fugvt
L R0tk #9 o]g) gk Aute] JgAe oJdte] A X
9 olF, 71A A, 24 A T 2Ho| 7ks3dt
A Bk, o540l & (motile) MEEZANA <
filopodiat} lamellipodiat ol &A)3te 28871

focal adhesiondl] Bl3le] AUld oz 22 7|2 o

NAoz ARG oajd AABFAS focal
adhesion®} thH]5}od foc'al'clomplex;’/}a-’f—la;“ﬂ focal
complex®] 7% Wagol 87HE 1 EAAL 7]
T wEol JEA 2hzte] 8ol v met
A 713 Z& substratum’Fol A GAI 7kl W2 WY
2 AxY 4 2 o]5F F%3tA} focal adhesion
7 focal complexE & 984 ] A 58L& 3
a}elr] & =ge] Y32 substratum A 9
FHol ¥l £ P9 WstE RSl okete A
Aol ol2gitta Atgdrt

Ml=7| Rt E (cytoplasmic protein)

Focal adhesion®] #dsle= AFxAdddAod=
tensin, vinculin, paxillin, @-actinin, talin 5°] i
e}, Tyrosine kinaseoll = SVC, FAK, PYKz, Cs, Ab
$o] 31ar serine/threonine kinase®l & ILK; PKC,
PAK %l slth. & GTPase modulatorel&
ASAPI, Graf, PSGAP 52|, tyrosine phosphatase
ol SHP-2, LARPTP 5ol $lor 71et 4% PI
3-kinase, protease calpain [ S| 24z} &
< Fste Aoz g4 Ut ol F AT
actin filamento] ##2 & gl AR vin-
culin, tensin, e-actinin, VASP, parvin/actopax-~
in, ERM-proteins §°] %13 integrin® cytoplas-
mic tailol] F3= = @8 A= talin, tensin, FAK,
ILK, a-actinin 5°] 1t+.* Focal adhesionol| Al Al
TGN e] o] 7HE Agele =T R vin-
culin®] 71 ¥i¥3] Q1-8-€ch, Vinculin® A1) &
o2 a-actininel APHL® AT HoZs
talinell AgHE T * £33 £ Th2 vinculin#te] A%
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5]
(e
e

A7} EA8te 71et DHAEHS] AFS
71%€ 71 3tk & vinculin 3t
-actinin, talin, F-actin, VASP 9]
1 4= glof o] gt A Exte] A%
A= Ao g FFErt  Vinculing
conformation i<l PtdIns(4,5)P27} vinculinol] 2
#=H conformation®] &4J3lrt AlZHR T} 446
PtdIns(4,5)P2ell 2] &3 3lel| 93t focal adhe-
siong A3k @A el wAEE (crosslink-
ing)# #2 (recruitment) & W3 2A focal
adhesion B3 7} B4 Rolch. A fopd £
AZ71A JF F2314 Belete Ardaud
2 viculin®l #3 AFE0] A& Y Fo|n 54
“ildd E4H 07 BAE = antibodyE ©] 83t
vinculin? integrin®] EA1E g2 A AfolA
7} 718 E-& substratume] HaE ke 41391
focal adhesion®] A4S A= =T2 B3] A}
4531 91}, Focal adhesion®] B} A4d A<l
fibrillar adhesion @AloIA 9] Y& N E FH 72
A E-91 tensine asf1 integrin® & WO R o|F
(translocation) &t}h® oli= 22 A& oA ul=]e|
tensin®| negative inhibitor® ¥ &3-S integrin
9] ©]%, fibrillar adhesion®] ¥4, fibronectin® fib-
rillogenesis §°l YU &= A4S B3 4%
At wrebA tensine A3 focal adhesion?| ©|
% (translocation)& 438}l fibrillar adhesion
9] Ao AFAQA &L ke Aoz FPHD
AT}, Paxillin®] 7-$ FAK(focal adhesion kinase)
o] EA A 5 A8-& B3t focal adhesion®]
Ao FoAsty £38] 73 protein cascadetf ol A
focal adhesion B2} o] % (translocation)el] 24
o] FAdle oz LA Uk o) IUHE
3} focal adhesion E3#|9l ©]%E(translocation)
/42 ol F(migration)°] EET AF-olH oA
EAH oz WA o]F(migration)F Aot
A E9 fillopodiatt leading edge¥-$olA focal
adhesion®] A4, A<, 937t &ds] BaE= A
I 2aetA] &

Focal adhesion?] 34 % Nz2e o % J54% %
% © 2 A protein tyrosine kinase2} Rho family2]
ZH2 GTPaseE 9] 23 & =t Focal adhesion
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7} #AE protein tyrosine kinase® #stE Aol
M EAd ZA 5= focal adhesion kinase(FAK)
olm FAK+= Al Z8re] ECMelA AMEWS actin
cytoskeleton7}A 9] 2% Age] A ¢ F2%
s FPF 90 FAKE 53] H XY o F
(migration)9] Z&d glol HEHA 9&& 7K
o A2 FAKZ} A58 AZE2 ECM7EIA
By =g A HAo AEAQ focal adhesiond] F7}
Z7Vabol| Wi} o] o] wl¢ A|3el 1 AgH Hol
)3k 74X 58 o] AdtE o] o] F (migration)®] HaH
< A ot ®3) paxillin, Cas, Src fam-
ily 5 FAKe| 5432 ¥ &5 gdgo] 49
A TS 2 A5 A& (tunover)o] A
ZralAl AeEct® oo WEES T £ o
FAKE o] &3t Al £2] leading edgecll A Al 2713
Batol MY Adel A3 AGE 2P Fa%
w o2} At @B

MlZZ2 (cytoskeleton)

A EZF (cytoskeleton) & 222 A E = Gl
BEAEd osf dAE filamentES ¥4 €4
(cohesive framework) E2 FAET” AxE7
£ Axo P g FAskE 7% ol x| o]
Foll FeAA dES FPshe Aoz geA 3l
v} 0560 Hefehd o 2 M EZFH-E microfilament,
intermediate filament, microtubule 522 72
o}, Microfilament+ stress fibergta = 390 5-
7 nm A &9 filament tFE(bundle)2 FJH}.
Microfilamente A E9}; substratum?te] {2
A AxF ST Agste] A HES 299
) & ATLEFGN A integrin, M EZD Y
A9l vinculin# talin 5% A%t Al 2d 2 T
sl A Ee] gjute] BAPoRAM AZRWF-=N
Bl EAHQ A& (%8, actomyosin contractil-
ity) & substratum®] A&3tn YiE ECMLR
B A5 (74, tension) & A TUHZ Adt
o}, Microfilaments B384 2.2 actin, myosins
o g2 pAE o] glon 53| o)A Eudl
AFANH FF 2ASHE acting B$ FIY G-
actin® filament#@ el 2] F-actine = A4 Yol &
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- AET7 2 A microfilament® WEHETH

Intermediate filament¥ 10nm 279} filament?!
74984 1 subunite] A ¢ EHe] v
2] A ol & Keratin fllament7} 4313 43 frobA
Foll¥ Vimentin filament7} £33l 982 €4
e Ao deiA st &, A9 A EU 9 keratin
filamente 7% Al Z= A<l desmosome°]tt
hemidesmosome 5 533 AMEFAF-9 AE
dg Adztn 2 AFH 22 RE Ayt 4
29| FAE §A 3}t Microtubule ©He] # 2
Fe2 2Aste 1 4L 25nmell o] 2. 1 9%
2 oA wHEHAl g1 glovt HIY ATl
2W microtubule FAl microfilament$l actin
7} v}R7ER] 2 Rho GTPased] A 3lofl glom ot
2haf ojud gk Hh] 0 B E focal adhesion® FAE 4l
FAG B Floz FA=AR|m Tt o
3 o] ATUe HNEEE FZEEL AEIIE
Bz g 19 A" ATl AsHde] F8
& A4S i G A QUh?

2-D vs 3-D matrix adhesion

T 274949 in vitro 7Y A Holdo] 3
A9, & in vivod] #7337 ARG oM 9] A E-
714 A 2 (cell-matrix adhesion)?] @77} 3= 1
oUTH®? A=A 0] 2319 matrixel A2} in vitro AT
Z9] Alol 93k FHE focal adhesion} fibril-
lar adhesion §2) 7Hd9) AxslE o)t 3344l V)
Aol A A7ATEe] BT H1 om® oy 7}
2 F2% AojHe 234 J1-eM 2719 focal
adhesione] Y focal complexol A 2.3 H &2 43
8t avfs intgrin WA 33k 71 M= focal
adhesionoll 4] asf1 integrine] F23F 2H&-2 gt
Rolth ®% Cukierman 5% embryog ©]-83t4
in vivod] 273 & A3 33+ matrix model Z+ A
2291 2249 matrix modelol X 22 A RN EE
wioFet A} 1 ¥4y A o8 dude ¢
Aol gloja Aolgt Aol & w7stn 33 71E B
Aol o] A X714 H&-E '3-D matrix adhesion
oz} 338l T}, 3-D matrix adhesione @83 int-
grin®} fibronectin?Fe] A3 & 2H-gof ofsle] Eolgt F



Table II. Traditional 2-D cell-matrix adhesions and 3-D matrix adhesions of fibroblasts in vitro

2-D cell-matrix adhesions

_ 3-D matrix adhesions

cell shape

cell proliferation
cell migration

cell adhesion

triangular, flat, rigid
2-D structure

control
control
control

afs & aspr, clustering &

integrins translocation of asf1
to generate fibrillogenesis
intracellular tensin coupled with
proteins abf1 integrin
kinase tyrosine-phosphorylation of FAK

elongated, slender,
spindle shaped 3-D structure

moderately increased (1.5X )
increased
extremely increased (2X - 6X)

asP1 only, to increase fibronectin
fibrillogenesis , cross-linking,
and intracellular tension

paxillin, vinculin
and FAK coupled with asf1

increased activity of mitogen
activated protein kinase

such as ERK

FAK : focal adhesion kinase
ERK : extracellular signal regulated kinase

YOG

Fig. 3. Fibroblasts’ filopodia on the microgrooved
titanium substrata.

Blo} Bx} £ Holn Alxe &% (behavior)®
HE29] 2219 matrix adhesion® - th=2t}, 3-
D matrix adhesionol| A= 234 7| H M BT A
oAl Ee] A2 e Wi} olF, F4 To| ¢ W
3 73R 53] 7| &9 AFelA wEE Edd
filopodia® #BAZ& 7129 3ad4E A s

filopodiaZt 7+2t7] & (sensory organ)2] & 3-& 3}
& oz 23 4 k9 (Fig. 3) 3-D matrix
adhesion®l A+ asf1 integrin®} 7 paxillin, vin-
Culirll, FAK 5°] 52 552 275 = ole o
B 52 ZEARE 23 71 E A aufs integrin
o & Hiatg]o] o]l Z 9] fibrillogenesisE £3F fib-

, rillar adhesion®] ¥go A%< DA o[t} 2-

D focal adhesiond| A& FAK7} 914t} €A Al
9 AzAYE 283k 3D focal adhesionoll A
FAK®} 43t ZolE 4= ¢l o ERK(extracel-
lular signal regulated kinase)E3 22 mitogen &
33} kinase®ll 93l Al Zo] A sAGo] AL,
whe}r] 2217} 3310 M 9] focal adhesion® &
TEAHOZ OB AZAHEA A 93 2HH=
Ag & F dvth. ASAQL 2219 71 FolAM 9] A 2-
714 223 3-D matrix adhesion®] *Fo]%-& &2

B e)atdh. (Table 1)
AT MES] MZ-V|E B

A A ] AE-71A AR A ASold xS} v}



Z7HA 2 integrine] WiAE 71 o2 A Ert, £
A2 Z2PE dfolA T ot nfRVMA 2 tyrosine
kinase$} Rho family GTPasedl| 2] 3tc}. 2= 4 £
integrin-mediated adhesion &4+ vinculin,
a-actinin, actin S A8 53] vinculin# e~
actinin® ZAATA ZM 4524 (co-regulation) 2|
AEE 7HT ® FaA xe] A 2-7]E FEAA &
Ao 2 WAL agfs integrine hemidesmo-
some®)gle F2 WA ECM¥ acting @243
o} 7 Bl 22 oA 2 W75 & hemidesmo-
somed] AFAZE focal adhesion®] FHH L
o} agfs integrindll ©3t w7 == hemidesmo-
some®l| 98 FYM T HE-7]A HEol= AE
97| (ECM)Z Laminin-5, Al E¥e-Frctuld
(transmembrane protein)Z @efs integrind}
BP180(bullous pemphigoid antigen 180), 283
Al ZA A (intracellular cytoplasmic protein)
2 plectin®} BP230(bullous pemphigoid antigen
230)5°] FH o2 Ag3r} ™ oA 2= 23
A3 334 71X 9] Bl Mg Al AE-V]E A

—}°“‘°ﬂ—— zpol7F 1lou® apoptosis £ B2
EXT 242 i wg-L nfg o2 Aog gy
A Sig}®
.2 <
JEZHE F9 AFXAE FATE MaotdEet
MO A & integrin® vzl dtoll Zhzt mil$- 53 F
9l focal adhesion® hemidesmosome 2 E3kd 7]

Q—?: substratumdl] HZEh A L7128 H 2ol
fha @A77 el e olsle)] A%

2
r°*'

AFE Bafel M2 A Bdo| TAHAL
o 4AEAe )50l MRS 7150l ¥}
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CELL-MATRIX ADHESIONS OF SOFT TISSUE
CELLS AROUND DENTAL IMPLANTS

Suk-Won Lee, D.D.S., M.S.D.", In-Chul Rhyu, D.D.S., M.S.D., Ph.D 2,
Chong-Hyun Han, D.D.S., M.S.D., Ph.D.3, Jai-Bong Lee, D.D.S., M.S.D., Ph.D.*

'Department of Dentistry, College of Medicine, Catholic Unsversity, Saint Vincen! s Hospital
2Department of Prosthodontics, College of Dentistry, Yonsei Univérsity, Young-dong Severance Hospital
*Department of Periodontology, College of Dentistry, Seoul National Untversity
‘Department of Prosthodontics, College of Dentistry, Seoul National Untversity

The importance of soft tissue response to implant abutments has become one of the major issues
in current implant dentistry. To date, numerous studies have emphasized on maintaining con—
nective tissue barriers in quantity, as well as in quality for the long term success of dental implants.

The cells mainly consisting the soft tissue around dental implants are fibroblasts and epithe-
lia] cells. The mechanism of the fibroblasts adhesions to certain substrata can be explained by
the focal adhesion’ theory. On the other hand, epithelial cells adhere to the substratum via hemide-
smosomes. The typical integrin-mediated adhesions of cells to certain matrix are called 'cell-matrix
adhsions . The focal adhesion complex of fibroblasts, in relation to the cell-matrix adhsions, con-
sists of the extracellular matrix(ECM) such as fibronectin, the transmembrane proteins such as
integrins, the intracellular cytoplasmic proteins such as vinculin, talin, and more, and the cytoskele-
tal structures such as filamentous actin and microtubules.

The mechanosensory function of integrins and focal adhesion complexes are considered to play
a major role in the cells adhesion, migration, proliferation, differentiation, division, and even
apoptosis. The ‘3-D matrix adhesions defined by Cukierman et al. makes a promising future for
the verification of the actual process of the cell-matrix adhesions in vivo and can be applied to the
field of implant dentistry in relation to obtaining strong soft tissue attachment to the implant abut-
ments.

Key words : Dental implant, Focal adhesion, Cell-matrix adhsion
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