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ABSTRACT Earlier studies on proliferative vitreoretinopathy (PVR) have shown that prolifera-
tion and migration of retinal pigment epithelial cells (RPE) are responsible for the pathogenesis of
PVR. In this study, we examined the cell morphology and migratory activity of cultured RPE with
special reference to the cytoskeletal organization. After 7 days in culture, porcine RPE at the cen-
ter of colonies displayed hexagonal configuration with close cell-cell contact. Confocal laser scan-
ning microscopy (LSM) revealed that these cells were 10-20 zm in height with-a hexagonal columnar
configuration. They migrated and transformed into spindle shapes at the edges of a linear wound,
suggesting that epithelial-mesenchymal transition of RPE takes place in association with in vitro
wound healing. The RPE in well-differentiated columnar configuration displayed prominent apical
circumferential microfilament bundles (CMBs) along the plasma membrane and thick microfilament
bundles (stress fibers) at the base. Longitudinal microtubule bundles along the apical-basal axis of
the columnar cells were also clearly demonstrated by LSM. On the other hand, the RPE of elongat-
ed spindle shape at the edges of the wound and those in the colonies lacked CMBs and longitudinal
microtubules, but had prominent stress fibers. Vimentin-containing intermediate filaments were ob-
served at the leading margins of the migrating RPE. These results indicate that RPE turn into
mesenchyme-like cells in response to a focal wound in vitro and that the cytoskeleton dramatically
changes in association with the changes in cell morphology and motility of RPE.
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(pH 6.5) T37C, 54MEAE L 7%, 100 mM NaB,
O, BWIN L1 3% 7 s a7 AT e FERK (pH 11)
TERIECTIOSHEAEL 2. & 5121mg/ml D
NaBH, % ¥ L7 PBS (pH 8) 2T 3 ot
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Fig. 1 Phase-contrast micrographs of (a) a colony
formed by the porcine RPE 7 days in culture
and (b) monolayer of the RPE with a typical
epithelial configuration 15days in culture (X
60).
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Fig. 2 Process of in vitro wound healing of cultured RPE.

a-d; Phase-contrast micrographs of the RPE (a) 0

hr, (b) 36hrs, (¢) 60hrs, and (d) 96 hrs after wounding (x40). e-g; Fluorescent micrographs of

rhodamine-phalloidin stained RPE 24 hrs after wounding.
flattend shape and migrate toward the wound (%) (X45).
display well-packed columnar configuration and prominent CMBs (x180).

(e) Cells at the edge of the wound turned into
(f) Cells located distant from the wound
(g) Cells at the edge of the

wound exhibit no distinct CMBs, but display many stress fibers running across the cytoplasm (x90).

RPE @ #§> circumferential microfilament bundles
(CMB)Icf4T5dnEE2 bR, ¥, ThbD
MM E AT A APV AT 7 A N —HFL
T, —F, av=—UEORER R\ LEER O
MR, MRBOREFAHEELE D, H DR
b LR 7 7 A= DRI BRI RS b e (Fig. 3a
-0). *7., ERMEIBHBEOBRET, BIGIFERE 24
B Bicksi s ilal F—7 7 v O frEEET5 &,
g bEEh iR T, ERED 2 e = —hRE oM
iz b i B & EERC, CMB 2ERICA bR AR
2, ARVRTZ7AA=RRDORI. —T, BIEI
EEL VAT, EEo=r=—UEofias
FkE, MRUEORIERRL L), HZL{DAIVRAT Y
A= THREE L (Fig.2e-g).
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SEY ETHRCBE X eo0EET S &,
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L2 r=—0EoMiEoEm I L hH um &
, WFm»rd Iz LichisTEL iah, HlEHT

= 2 = =R

1 pum FOBEZCHFEICHEL TN LML
nEirote. 2w =—rhREoMila i CMB 3fifao
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AT IS R S RFEASEL, ThE b THHE umich
7o 0 RIEDRRE 2 U o0k L -t o bk,
XD TH, Tibbiilao basal HIE ym OF X
1z, CMB It T2 EERDbhichote. i
IhbOHMaTIE, A FVRT 7 A AA—3HEFD basal
BIH pm F ToOmZIZRE LR bz (Fig. 3d-g).
—%, zwr=—-TGEOREMOMIETE, MIEL&D
RENTHRICED LI, RFPVAT 7 A-0
HERE e diciste b IIEWSIET L TV AFTRS
bt (Fig. 3h-k).
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(Fig.4a). Lo L, MIEEHECHE LB Tk
v = —th oM & TgoOMa s DETF 2 — 7Y



60 (2) 1991

V&

Fig. 3 Fluorescent micrographs of rhodamine-phal-
loidin stained RPE 7days in culture. a-c;
Images obtained by conventional epifluores-
cence microscopy. (a) Low magnification
(X70), and (b) high magnification at the
center and (c¢) the edge of the colony (X
150). Cells at the center of the colony
exhibit prominent CMBs and stress fibers. In
contrast, cells at the edge of the colony
exhibit no CMBs, but many stress fibers. d
-g; Images of serial optical sections by LSM
at 2um intervals from (d) the apical to (g)
the basal region of the cells at the center of
the colony (X150). CMBs and stress fibers
are localized to the apical and the basal
regions, respectively. h-k; Images of serial
optical sections by LSM at lum intervals
from (h) the apical to (k) the basal region
of the cells at the edge of the colony (X150).

v ORISR S IR RIIFRD b ies - .
LSM AW+ 5L, 2r=—fREfoMizT
¥, #MBE® basal i/ NEOHE B S DY, Thi
b apical Il TIXBEE IR & DEEETENTIR - TR A
bhte. o, BORHEK X O b bRl
M5 e i RO BTE b b bt (Fig. 4 b-h). —7,
2 v = oM T, MEREANOREE SR
Db, MBLEORTE IR b -1 (Fig.
4i-m).
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Fig. 4 Immunofluorescent micrographs of the RPE 7
days in culture labeled with the anti-tubulin
antibody to show the distribution of mi-
crotubules. a; An image obtained by conven-
tional epifluorescence microscopy (X70). A
network of microtubules throughout the cyto-
plasm is seen in all cells except the dividing
ones (arrows) in which mitotic spindles are
labeled. b-m; Images of serial optical sec-
tions by LSM of RPE located at the central
(b-h) and peripheral (i-m) portions of a col-
ony at lym intervals from (b, i) the apical
to (h, m) the basal region (X150). Bright
polygons made of many dot-like structures
are seen clearly between the apical and the
basal levels of the nucleus in the cells at the
center of the colony (c-f), suggesting that
the bundles of microtubules running perpen-
dicular to the image plane.

Badsb i X5epmtsdsiciBobiic(Fig 5b-
2). LoaxLHKDiEEEE 2 v = — AOMHNAIALE R
Ml DIRE & ORI RBIE e <, F i, Mgl
RBIZX %7 55 v OMBRNSMOERLFDLNIh -
i

EAVF VIR e = —OIFTH HMKICIE R
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Fig. 5 Immunofluorescent micrographs of the RPE 7
days in culture labeled with the anti-keratin
(a-g) and the anti-vimentin (h-1) antibodies.
a; An image obtained by conventional epiflu-
orescence microscopy (X150). b-g; Images
of serial optical sections by LSM at lgm
intervals from (b) the apical
basal region of the cells at the center of the
colony (X150). The networks of the keratin
are found. h; An image obtained by conven-
tional epifluorescence microscopy (X70).
The vimentin is present distinctly in cells at
the edge of the colony. i-1; Images of serial
optical sections by LSM at luym intervals
from (i) the apical to (1) the basal region of
the cells at the edge of the colony (X225).
The vimentin-containing intermediate
filaments running slantwise from perinuclear
region to the basal plane of the leading edge
of the migrating RPE cells are seen.

PR bR, 38 = —fRETIEHIELE ) THE
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Ko EEAEMRETEYBET 5013530 % i
Vo RPEWEFE LToBM A% THME - HEETS
BEYEET A, MR LMo REL RS
LT BT ENRIBEERTELEELLNDD, LD
DI EEHVREY B CHEIHTE 2 EERALE L
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