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F dolle MEe =& FHst 3L, 1, 2, 4FW FAEKASED|EoZ uidE A4S TESIIC
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Jh g (retinal pigment epithelium, RPE) 3|8 & ZdE= 283l Brh.”? o3t A4
T ¥237(Bruch’s membrane)2] Wwel] 431 w ol e g a] o] 4 o] of gubAgte] i AR
T S4Ye] dAEFoR FAXAA F584 L o] g o g AAH gtk 2y AP dEFRA
gt ZAdasHe] F3AEoE NS Flch A BRI Haaeke pxAog o] opn 10
H o}F 23 JFe At aeume dPAAZ 5 AEe]71d (extracellular matrix, ECM)&
14 (age-related macular degeneration, AMD) L3R ARl BdE sl W oz Qs
S B Ago A Pt dyrE Ao g FEAHA BT E oA A5 oH g BHL 71 Al
U s3] AXFe P d detat go] Al HE zo] fFo] AFL WA AP 1 9 F4 AW
G FEgA 5ol el 2HE F AL sl A A (exudative AMD)olA AHd 2 9]
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Ao EAste ligands$te] &
FallA o] FojA=H, tso] dA
237 F21 2 heparind A%AAHERE ofye} 2hv|d
(laminin, LN), A#ZA%A(fibronectin, FN), 4
3 wdd(collagen 1V, CL-IV) % vitreonectin
(VN)Z 22 AE2)71d dulEaje)] s 1€ &=
%]\q_-ZO,Zl

ol AAle &£4H FE2Avte| ojAH Wt
Aol g Aol A JRZHEEH
MAEA71E To] s GolH Al 3T

w1

yeavte 44T fANA ToRRE Bejs
B A7) Aol ARAR el we
Az

mm 743712 Cloning
cylinds (Scienceware, NJ, USA)9} 4% agarose
SAHE o] &el T4 9 mm ALY HerLde] |
TS =E AT o] 3 13 7]A % (basal lamina,
BL)S 7 R237Hs A7) SsliM e B9 s
0.02 N ammonium hydroxideo]| 10%7F =ZA7
AASF, wH WEFeAZF(inner collagenous
layer)o] =29 &4 FF3a%(d-BM)<S ©&7] 9
M= &8 cellulose sponge® AHe FHS 11
ZA w42y getaage) e 7|A ks Al ASHAT. o]
% 7} well2 phosphate-buffered saline (PBS:
Gibco, NY, USA)Z 3H AL 5 g 282 of
7HA 4Tl A AT

TS AR Ul 7] EHS ZP7] e A2V dul o
2 Ax3tgcHfibronectin 20 pg/cm?, laminin 4
pg/cm?®, collagen IV 20 pg/cm® & % &3
Sigma, St. Louis, USA). Aol ik A+E
Al &4 FEAS oA Al ToE ARty 747
30%, 1A17F, 2A17F BoF Al E97)d wehille] =EA17)
I, FEEgA ATE AsliAe 24 71d e 2413 &
o =&A]7l 7, 7 AHE PBSE 39H A9t
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UM ANTINE MEF HE 2 o

T IS AN WS k3
71 o2 25 U/ml9 dispase (Gibco, NY, USA)&
Aoz 20%7t A3 olF Hank's balanced
salt solution (HBSS: Gibco, NY, USA)Z ¢t
£ Ao wepe-ngebd A 4n) B3 E 1w e
ZRY ZA2HA FYste] R332 9o =<&6H
F2E o] Qv WA I B gojue] B T
Az AFERAe gt AFE fsliAe 0.25%
trypsin-EDTA (Gibco, NY, USA)Z g3t 7}
N A de N EE FEAIZ F 60 mm B
Aloll & wjFE AEE o] &3k, FEty dAFE
AalMe g3 Mzas ZA 20 HA(EFHE: 0.5~
-1.0 mm) 8~10%7 A9 A2 AZTHES o7 w
Eo7 7 F2aut dHd Ao wiA= 15% fetal
bovine serum (FBS; Gibco, NY, USA), 100 IU/mL
penicilline G, 100 uL/mL streptomycin, 5
uL/mL gentamicin, 2.5 nL/mL amphotericin
BE 3 Dulbecco’s modified eagle medium
(DMEM; Gibco, NY, USA)E AHEsle] 37T, 5%
COz ¥ 95% &719] &7t A wjatdom o] &v}
o A E wEet . A Al gE AEE AR
3 ATl o]&stHTt

F2ant HES AEer|d dle] xR 2 FF
Aurs fA8 22324 BL-BM),
Ao g A2HA e &A4E F23%(bare
d-BM), 7149l AHA%4, ghvd, 48 wdd
gE, 52 AR E coatingd F2AH (A7 FN-,
LN-, CL~ & cocktail of ECM-coated BM) 5 6
N o2 vpro]l A 2 w2 3 Y 24
well plateg o|&3td 7|detleo] =ZH A7t w}
2} 370 set(Zt 8 wells)E Yie ¥ A} Ahujts
HNEE 3x10" cells/well =2 7 F2=1t Ao
A3 2 273 A §E St widsiATh o] & 7b
well& PBSE ZAZHA Aol ths 7 HHd
Fatwo] Aolgle MEFE MTT colorimetric
assay (Roche, IN, USA)E =A3t9em, MTT
assays Al A7) YA =Eo] By ATt
HE RFEE 2AHS 2t d A¥gayg S
23] HrESIG o FAEAS student-t testE ©l
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WUALSAITNEE Ae F 39, 15, 2F 2 45A4
7y o] H=39 AHE FARAER]H (scanning

electron microscope, SEM) .2 #&&3ict. 2214
S 0.5% glutaraldehyde$} 0.5% paraformaldehyde
T3 p Ao A T 0.1 M A4 hFA oz A
3 T2 1% osmium tetroxide &l 241750 &
17gsta oAl 2L dFdoz AHSH. 2% 'd
el 12412 AT @S At SFE&doz A4

5} —?— 1% osmium tetroxide&ol] 2417+ 1A%
= del=Z €= t-butyl alcoholE IFES

/\]9']3’_ 524711%7](Freeze dryer, Hitachi ES-2030,
Japan)2 SZAAZGY. AZH AEE AZHo
2%t 3 o] 2% 27](Ion sputter, Hitachi E-1030,
Japan)& AHgsle] Pt-Pdd=woz2 T3S U
Hitachi $-42008 FA}@n 4oz Baag.

My
1=

FEavtoz ol AFEHAdel et Ao, e
gAY AFERES 7]AYe] 7AHg F=au
(BL-BM#) oA 40~52%= 7V = Z
We At @2 £4E F=2a3 % (bare d BM)
oNA 7HF BktH16~20%). 71AYM O Z coating
d F=239(ECM-coated d-BM%) A AF2ES
28~37%=Z BL-BM*ol vl3] thi 2toy bare
d-BMol| HlsiA = FAHoE fFosiA =%oH
(p€0.05), F-2=1}ol| tigh 7|2 Thul o] A 7o) wh
E WAL M Y A FEE = & Aol Kol
%dtH(Table 1, Fig. 1).

FAPAAIAR S 085 FEEA AelA, BL-BMs
7 o7 7}x] 7Aoo g ¥WS coatingdt HE2A
ZHECM-coated d-BMs)dll o]2® bl s A
ZHL golatAl F2HE & dstA F28t Al7to]

100

030 min exposure
80 @ 1 hr exposure

M 2 hr exposure

60 -

40 |

Reattachment rate(%'

20

BL-BM B-BM FN-BM  LN-BM  CL-BM C-BM
RPE Substrate of BM

Figure 1. Reattachment rate of the retinal pigment epithelial
(RPE) cells onto the Bruch's membrane (BM).

BL-BM=BM with basal lamina; B-BM=bare (ECM-uncoated);
FN-BM=FN-coated; LN-BM=laminin-coated; CL-BM=collagen
IV-coated; C-BM=ECM cocktail-coated.

Z4E olad Hezau ¥uS vdth(Fig. 2-4).
AZE 42 3 3YA AZA B I M E=
Ao g 541“/10}1] %2 bare d-BM& #l<9]3la
Autel] GA FAEo] AHYHA=
Hyomn, ?a_‘l"% JEXe 1Hd AE71E 717 £
25} bare d-BMel V‘Q el A Ea
% &S FrARE QAL o) & Al
FE Beko] 5231 AE SHH }J\}J\ (Fig.
2). 1579 A LA G AF A EE BL-BMT*
7 ECM-coated d-BMZJolA B& AR A3 F9]
2 A= Zrow, 7iddue] X7t glA™ bare
d-BMolX = Alxz= ofgfe] F=Aute| {32 o
UAT 3] T EFS st YA (Fig. 3). 2F
g A LA FHALSINEIE HAF FE2F0
Zxem bare d-BMSoME M EL]
*‘% oA AT I M EE 3] FF BFS 2
113, ECM-coated BMollA 3 E0] A 2A
AZSAEA ARFEAEL FFoz HEEo ok
)

J

|

H:l

Table 1. Reattachment rate of the retinal pigment epithelium on the Bruch's membrane

ECM’ time Type of treated Bruch's membrane and its reattachment rate(%)
(min) BL' Bare’ Fibrinogen Laminin cL-Iv? Cocktail
30 39.948.5 19.548.2 30.3+13.3 32.0+11.2 27.746.6 28.1£7.9
60 52.0+12.9 18.0£9.9 30.2+15.5 28.1£14.0 24.7£3.9 27.5£6.6
120 50.5£13.2 16.0£10.8 34.1+11.7 29.1£9.9 37.1£11.5 30.0+4.3

"ECM = extracellular matrix.
" BL = basal lamina.
fCeLv = collagen-IV.

’ p<0.05 by Student's t-test.
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Figure 3. Scanning electron microscopic findings of RPE sheets cultured on BMs 1 week after plating.
(A) BM with BL (x90), (B) flat peripheral cells in A (x400), (C) bare d-BM (x500), (D) FN-coated BM (x180), (E)
LN-coated BM (x180), (F) CL-coated BM (x130), RPE cells were much flattened and spreaded out on BM with BL & ECM
coating. RPE cells on uncoated bare BM showed still round in shape. RPE=retinal pigment epithelium; BM=Bruch's membrane;
BL=basal lamina; d-BM=damaged BM; FN=fibronectin; LN=laminin; CL=collagen IV; ECM=extracellular matrix.
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Figure 4. Scanning electron microscopic findings of RPE sheets cultured on BMs 2 weeks after plating.

(A & B) BM with BL (x30, x90), (C & D) bare d-BM (x30, x250), (E & F) FN-coated BM (x30, x200), (G & H)
LN-coated BM (x30, x70). RPE cells were getting to confluence except on uncoated BM. Note round cells on bare d-BM (D)
& fibroblast-like cells on ECM-coated BM(F, H). RPE = retinal pigment epithelium; BM = Bruch's membrane; BL = basal
lamina; d-BM = damaged BM; FN = fibronectin; LN = laminin; CL = collagen IV; ECM = extracellular matrix.
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Figure 5. Scanning electron microscopic findings of RPE sheets cultured on BMs 4 weeks after plating.

(A & B) BM with BL (x200, x500), (C & D) uncoated bare d-BM (x70, x300), (E & F) FN-coated BM (x500), (G & H)
LN-coated BM (x500), (I & J) CL-coated BM (x500, x200). Note the central dome-shaped polygonal cells (A, E, G, I) and
peripheral flat cells (B, F, H). Fibroblast-like cells and round cells were intermingled (J). On bare d-BM, RPE cells did not get
confluence and most cells transformed to fibroblast-like cells. RPE = retinal pigment epithelium; BM = Bruch's membrane; BL =
basal lamina; d-BM = damaged BM; FN = fibronectin; LN = laminin; CL = collagen IV.
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=ABSTRACT=

Effects of Exogenous Extracellular Matrix Proteins on the
Reattachment of Retinal Pigment Epithelial Cells

Kwang Soo Kim, M.D.", Yu Cheol Kim, M.D.", Se Jin Jeon, M.D.’

Department of Ophthalmology, Keimyung University, School of Medicine', Daegu, Korea
Saebit Eye Clinicz, Daegu, Korea

Purpose: To evaluate the effect of adding exogenous extracellular matrix (ECM) proteins on the reattachment
of retinal pigment epithelium (RPE) to the damaged surface of Bruch's membrane (BM).

Methods: Porcine BM explants were divided into six groups: BMs with an intact basal lamina (bl-BM) and
five damaged BMs (d-BM: bare & four ECM-coated). The d-BM was coated with ECM proteins (either
fibronectin, laminin, collagen IV, or all). Primary RPE sheets were plated and cultured for each group of BM
explants. The attached live cells were counted and examined with a scanning electron microscope after three
days, as well as at 1, 2 and 4 weeks.

Results: The RPE reattachment rate was highest in bl-BM and lowest in uncoated d-BM. ECM-coated groups
showed a lower reattachment rate than bl-BM, but when compared with the uncoated group, the reattachment
rate was significantly increased (p<0.05). ECM-exposure time did not influence the reattachment rate of any
of the groups. RPE cells plated on bl-BMs and ECM-coated d-BMs attached and proliferated well and
achieved confluence over time. Even though most cells were flat and large in shape, some cells revealed a
good morphology with microvilli on their surface. On the other hand, only some of the RPE sheets plated
on the uncoated d-BM attached loosely and most cells remained round and clumped.

Conclusions: These results show that the addition of ECM proteins may increase the ability of RPE cells to
reattach to the damaged BM surface, which would likely create a good morphology.
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