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SUMMARY§

Bac�t�utd:§ We consider epiretinal membranes in 
terms of the two repair processes of gliosis and fibrosis 
and§ look at the cellular basis of contraction. 
Met{og:§Pathological material removed at surgery was 
examined by a range of morphological procedures. 
Cultures of fibroblasts, retinal pigment epithelium cells 
and§ retinal glia were subjected to bioassays which 
relate to behavioural activities in scar formation. 
Results§ atd§ cotclus�ot�§ Our findings highlight the 
importance of activities such as migration and adhesion 
�n§ the formation of epiretinal membranes, and also 
show that these activities are central to our under
standing of contraction. 

Th·° nam·° 'prolif·ra iv·° vi r·or· inopa hy'° (PVR),°
in roduc·d°by° h·°R· ina°T·rminology°Commi  ··,°1,2 

and°  h·° ·arli·r° app·lla ion° of° 'massiv·° p·rir· inal°
prolif·ra ion'° (MPP),° in roduc·d° by° Rob·r °
Mach·m·r?° d·scrib·s°  h·° complica ion° of° r· inal°
de achm·n °wh·r·°·ss·n ially°non-vascular°scar-lik·°
tissu·°d·v·lops°on° h·°r· ina,° con rac s,°and° urns°a°
simpl·° d· achm·n ° in o° a° compl·x° on·.° Surgical°
in ·rv·n ion°may°b·°n·c·ssary° o°r·li·v·° h·° rac ion°
and° allow° ana omical° r·s·  l·m·n ° of°  h·° n·ural°
re ina° on o°  h·° r· inal° pigm·n ° ·pi h·lium° (RPE).°
Th·° forma ion° of° scar°  issu·,° usually° call·d° an°
epir· inal°m·mbran·° (ERM),°may° follow° rauma° o°
th·° pos ·rior° s·gm·n ° of¯° h·° ·y·° or° ·pisod·s° of°
in raocular° inflamma ion.° Th·° scar°  issu·° which°
complica ·s° ·nd-s ag·° diab· ic° ·y·° dis·as·° is° con
sid·r·d°par °of° h·°vascular°vi r·or· inopa hy°proc·ss°
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and°is°d·al °wi h°in°ano h·r°pap·r°in° his°issu·,4°bu °
 h·° dis inc ion° b· w··n° vascular° and° non-vascular°
m·mbran·s°is°on·°of°d·gr··°and°is°rar·ly,°if°·v·r,°an°
absolu ·.°

Th·°  ·rm° MPP° and° i s° la ·r° r·fin·m·n °  o° PVR,°
wi h° i s° classifica ion° of° dis·as·° d·v·lopm·n ,° has°
b··n° crucial° in° placing°  h·° ·mphasis° on°  h·° ERMs°
 h·ms·lv·s°in° h·°g·n·ra ion°of° rac ion°- in°con ras °
 o° ·arli·r°  ·rminology°which°highligh ·d° h·°rol·°of°
 h·° vi r·ous° in°  his° proc·ss.° W·° now° know°  ha °
con rac ion° is° a° c·ll-m·dia ·d° ·v·n 5.6° and° is° no °
produc·d°by° h·°shrinkag·°of°collag·ns,°as°was°onc·°
 hough .°ERM°forma ion°is°a°form°of°wound°h·aling,°
and° c·llular° b·haviour° in° h·aling° wounds° can° b·°
brok·n°down°in o°a°numb·r°of°ov·rlapping°ac ivi i·s°
which°includ·°ac ivation,°signalling,°adh·sion,°s·ttle
m·n ,°migra ion,°prolif·ra ion,°con raction,°synth·sis°
and°r·mod·lling.°Th·° ·rms°MPP°and°PVR°conc·n
 ra ·°our°a  ·n ion°on°prolif·ra ion°as°b·ing° h·°k·y°
·v·n ° in° ERM° forma ion° and° subs·qu·n ° r· inal°
 rac ion.° On°  h·° o h·r° hand,° our° conc·p ° of° how°
d·v·loping°scar° issu·°produc·s°con rac ion°is°chang
ing,° and° ·mphasis° now° has°  o° b·° plac·d° on° o h·r°
ac ivi i·s°such°as°adh·sion°and°migra ion.°Ind··d,° in°
 h·° ·arly° s ag·s° of° ERM°d·v·lopm·n °  h·° absolu ·°
amoun °of° prolif·ra ion°con ribu ing° o°  h·° incr·as·°
in°scar° issu·°bulk°is°r·la iv·ly°small.°

rfiig/mlnfi2SIfis§fir§iig/s§

ERMs° may° b·° r·la iv·ly° small° in°  ·rms° of° scars°
·ls·wh·r·°in° h·°body,°bu ° h·ir°forma ion°is°compl·x°
and° combin·s°  wo° r·pair° proc·ss·s° a °  h·° on·° si ·.°
Pr·r· inal°m·mbran·s°form°a ° h·°in ·rfac·°of° 'brain°
and° body'° and° m·rg·°  h·° r·pair° proc·ss·s° of° bo h°
sys ·ms°  o°form°a°doubl·° scar.° Th·° glio ic° r·pair°of°
n·ural° issu·° (in°th·°r· ina°  h·°major°play·rs°ar·° h·°
MUll·r° c·lls° arid°  h·° as rocy ·s)° is° charac ·ris·d°by°
ac iva ion,° migra ion° and° prolif·ra ion°  aking° plac·°
in°  h·° abs·nc·°of° subs an ial°con rac ion?° Syn h·sis°
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feef§ ni§ Epiretinal membrane (ERM) formation involves the coming together of two repair processes: gliosis and fibrosis. 
Fibrosis is characterised by strong contraction and abundant collagen production and in these it differs from gliosis. ILL, 
inner limiting lamina. 

of°glycopro ·ins°and°glycosaminoglycans°occurs,°bu °
collag·n°produc ion°is°usually° spars·R° and° r·mod·l
ling° vir ually° non-·xis ·n .° On°  h·° o h·r° hand,°
avascular° conn·c iv·°  issu·° r·pair° (h·rald·d° by°
RPE° b·having° lik·° fibroblas s3.9° and°  h·° pr·s·nc·°
of° ru·°ocular°fibroblas s9)°is°charac ·ris·d°by°s rong°
con rac ion°and°abundan °collag·n°syn h·sis°(Fig.°1).°
Thus° gliosis° and° fibrosis° go° hand-in-hand,° wi h°
consid·rabl·° 'cross- alk'° b· w··n° h·°  wo° proc·ss·s°
s·rving°  o°mak·°  h·° ac iv·°phas·° of° scar° forma ion°
mor·°pro rac ·d° han°is°usual°·ls·wh·r·.°

G fi2SIfikfi2SIk:§kfi2SIg/P i§iig/s§

Th·°pr·cis·°s imulus°n·c·ssary°for° h·°migra ion°and°
prolif·ra ion°of°r· inal°glia° o°mov·°ou °of° h·°r· ina°
and° onto°  h·° surfac·° of°  h·° inn·r° limi ing° lamina°
(ILL)° is° obscur·.° Among°  h·° k·y° fac ors° ar·°
d· achm·n ° of°  h·° vi r·ous,° hol·° forma ion° in°  h·°
ILL°and° inflamma ion.°Th·° pr·s·nc·°of° a° d·f·c ° in°
 h·°ILL°was° hough °a °on·° im·° o°b·°a°pr·r·quisi ·°
for° h·°forma ion°of°a°glial°ERM°bu ,°in° h·°rabbi °a °
l·as ,°w·°hav·°shown° ha °glia°can°ac iv·ly°push° h·ir°
way°  hrough° a° pr·viously° in ac ° ILL° in° r·spons·°  o°
inflamma ory°provoca ion° (Fig.° 2).9-12°Th·°pr·s·nc·°
of° macrophag·s/2,13° o h·r° inflamma ory° c·lls,°13°
damag·d° c·lls° and° inflamma ory°m·dia ors12° in°  h·°
vi r·ous° s··ms°  o° b·° impor an ,° bu ° fur h·r° work°
n··ds° o°b·°don·° o°id·n ify°which°sp·cific°signals°ar·°
·ff·c iv·°and°which°ar·°no .°

C·r ainly°cy okin·s°such°as° umour°n·crosis°fac or°
alpha° (TNFa)°and° in ·rl·ukins° 1° and°6° (IL-l,° IL-6)°
ar·° pr·s·n ° in°ma ur·°ERMs,14° as° ar·° som·° of°  h·°
mor·° common° grow h° fac ors4.15° and° bioac iv·°
subs anc·s°such°as°fibron·c in16,17°and° hrombospon
din.18,19° Th·s·° cy okin·s,° grow h° fac ors° and° glyco
pro ·ins° ar·° also° pr·s·n ° in°  h·° vi r·al° fluid° of°
pa i·n s°wi h°·s ablish·d°PVR,4,19-22°bu °i °r·mains° o°
b·°d· ·rmin·d°which,°if°any,°of° h·s·°ag·n s°is°ac iv·°
in° h·°·arli·s °s ag·s°of°m·mbran·°forma ion.°I °was°

onc·° h·ld°  ha °  h·° dominan ° c·ll° in°  h·° glial°
ou grow h° was°  h·° r· inal° as rocy ·,23° bu ° simple°
glial° ERMs° form°in°sp·ci·s°such°as° h·° rabbi °which°
do° no ° hav·° an° as rocy ·° popula ion° a °  h·° si ·° �o§
m·mbran·°forma ion.lo.11°Glial°sh·· s°form°no °only°
in° a° pr·r· inal° posi ion° on°  h·° ILL° bu ° also,° af er°
long-s anding°d· achm·n s,° in° a° subr· inal°posi ion.°
Th·° glial° compon·n ° of° subr· inal° ERMs° is° invari
ably°of°MUll·r°c·ll°origin.°In°addi ion° h·°firs °c·llular°
·l·m·n s° o°pro rud·° hrough°gaps°in° h·°ILL,°or° o°
burs °  hrough°  h·° in ac ° ILL,° ar·° MUli·r° c·ll° ·nd°
f·· 9-12° (Fig.° 2).° Exp·rim·n al° s udi·s° using°models°
of°PVR°and°r· inal°d· achm·n °in° h·°owl°monk·y,24°

 h·°ca 25° and°  h·°rabbi lO.11° highligh ° h·°incorpora
 ion° of°  ri ia ·d°  hymidin·° in o°  h·° inn·r° nucl·ar°

fee.§ 2i§ Scanning electron micrograph of the ILL in a 

rabbit with vitreal inflammation. The MUller cell end feet 
are pushed lip to distort the ILL (arrowheads) . (X2500) 
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feef§ 3i§ p§ transmission electron micrograph of a simple 
glial ERM on the ILLli  (arrows) . (X6500) 

lay·r°wh·r·°Mull·r°c·lls°hav·° h·ir°nucl·i.° I ° should°
also° b·° said°  ha °  h·° glial° c·lls°  ha ° charac ·ris·°
simpl·°m·mbran·s° (Fig.° 3)°hav·°a°pla ·-lik·°ph·no
typ·,° ar·° r·markably° similar°  o° cul ur·d° r· inal°
Mull·r° c·lls26,27° and° look° no ° a ° all° lik·° as rocy ·s°
in° c·ll° cul ur·° (which°  ·nd°  o° vary° from° b·ing°
fibroblas ic° o°mul i-proc·ss-b·aring°c·lls28).°

I °would°s··m° ha °Mull·r°c·lls°ar·° h·°dominan ,°
or°p·rhaps°·v·n° h·°·xclusiv·,° glia°of°simpl·°ERMs°
and°con ain·d°wi hin° h·ir°domain°ar·°usually°som·°
inflamma ory°c·lls° consis ing°of° a° f·w°macrophag·s°
and° lymphocy ·s.° Th·s·° simpl·° ERMs° d·v·lop° in°
normal°ag·ing°as°w·ll°as°in°dis·as·d°·y·s,°and°Foos29°
id·n ifi·d°simpl·°m·mbran·s°in°abou °20% of°old·r°
ey·s° a ° pos ° mor ·m.° Clinically° simpl·° m·mbran·s°
ar·° ·x r·m·ly° difficul ,° if° no ° impossibl·°  o° s··°
b·caus·° h·° lack°of°associa ·d°collag·n°l·av·s°  h·m°
cl·ar°or°a °mos ° ransluc·n .°

To° say°  ha °  his°glio ic° issu·° is° non-con rac il·°is°
no ° ·n ir·ly°  ru·,° bu ° by° comparison° wi h° compl·x°
ERMs°i s°con rac ili y°is°marginal.° Simpl·°ERMs°do°
produc·°ar·as°of°surfac·°wrinkling°wh·n° h·°r· ina°is°
examin·d° a ° high° magnifica ion?O° bu °  h·s·° ar·°
no hing° lik·°  h·° full- hickn·ss°folds° associa ·d°wi h°
compl·x° ERMs.° This° f··bl·° con rac ili y°was° high
ligh ·d°in°·xp·rim·n s°wh·r·°glial°c·lls°w·r·°inj·c ·d°
in o°  h·° vi r·ous° of° rabbi s.° Simpl·° m·mbran·s°
form·d° on°  h·° ILL° in° profusion° bu ° no° r· inal°
de achm·n °was° g·n·ra ·d° in° 10 mon hs° of° follow
Up?1°

rfi2SIBifikfi2SIk:§rfig/P iX§iig/s§

It° is°  hough °  ha ° compl·x°ERMs°ar·° form·d°wh·n°
migra ory°RPE°and°ocular°fibroblas s°b·d°down°on°
and° around°  h·°glio ic°  issu·°of° simpl·°glial°ERMs.°
Th·°rou ·° ak·n°by°RPE° o°b·com·°par °of°an°ERM°
has° b··n° car·fully° d·duc·d° and° docum·n ·d° by°
Mach·m·r° from°his° s udi·s° of° ·xp·rim·n al° r· inal°
de achm·n °in°owl°monk·ys?,32.33°Th·°RPE°und·r°a°
de achm·n ° ·v·n ually° los·s° con ac ° inhibi ion° of°
division,°by°m·chanisms°w·°do°no °und·rs and,34°and°
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b·gins°  o° round° up° and° divid·.° Th·s·° prolif·ra ing°
c·lls° form° sh·· s°which° can°d·v·lop° in o° subr· inal°
m·mbran·s°wi h35°or°wi hout36°a°major°influx°of°glia°
from°  h·° d· ach·d° and° d·g·n·ra ing° n·ural° r· ina°
(se·° abov·).° In° addi ion,° substan ial° numb·rs° pass°
 hrough° a° r· inal° hol·°  o° b·com·°wha ° is° clinically°
d·scrib·d° as°  obacco° duse3° in°  h·° vi r·ous° and°
sub°hyaloid° spac·.° From° h·r·°  h·y° s·  l·° on o°  h·°
r· inal° surfac·° and° compl·x° wi h°  h·° simpl·° glial°
ERMs.° Mobilis·d° RPE° c·lls° do° no ° n··d°  o° us·° a°
r· inal°hol·°  o° gain° acc·ss°  o°  h·° vi r·al° cavi y° and°
hav·° b··n° shown°  o°migra ·°  hrough°  h·° d· ach·d°
bu °d·g·n·ra ·°n·uror· inal° issu·s.!°1°

RPE° and° glial° involv·m·n ° in° compl·x°ERMs° is°
w·ll° ·s ablish·d° (Fig.° 4)° from° bo h° ·xp·rim·n al°
inv·s iga ions° of° animal° mod·lslO,J°1.2432.33° and° s u
di·s°of°surgicaIJy°·xcis·d°ERM°mat·riae7-44° Immu
nohis och·mis ry,° using° an ik·ra in° an ibodi·s°  o°
id·n ify° RPE° c·lls° and° an ibodi·s°  o° glial° fibrillary°
acid°pro ·in° (GFAP)° o°pick°up°bo h°r·ac iv·°Mull·r°
c·lls°and°as rocy ·s,°is°a°par icularly°pow·rful° ool°for°
inv·s iga ing° h·°c·ll° popula ion°of°ERMs.°Ex r·m·°
varia ion° ·xis s° b· w··n° m·mbran·s,° bu ° quan i a
tiv·°analysis°shows° ha ,°broadly°sp·aking,°glia°mak·°
up°abou °on·- hird°of° h·°non-inflamma ory°compo
n·n °in°a° compl·x°ERM°and°RPE°ano h·r° hird.9,16°
On°  h·° basis° of° app·aranc·° and° loca ion° in°  h·°
·x rac·llular°ma rix°of° h·°ERMs,° h·°r·maining°on·
 hird° is° pr·sum·d°  o° b·° fibroblas s° (Fig.° 4).9.16°
How·v·r,° as°  h·r·° is°no° sp·cific° immunohis och·m
ical° s ain° for° fibroblas s,°  h·ir° involv·m·n ° in°  h·°
g·n·sis° of°  h·° compl·x° ERM° r·mains° sp·cula iv·.°
Th·ir°origin°in°p·rfora ·d°·y·s°would°mos °probably°
b·°  h·° coa s° of°  h·° ·y·,° bu ° fibroblas s° ar·° ·qually°
promin·n °in° h·°ERMs°which°form°as°complica ions°
of° rh·gma og·nous° d· achm·n ° wh·r·°  h·r·° is° no°
obvious° sourc·.° M· aplasia° of°RPE°  o° produc·°  h·°
fibroblas s° has° b··n° propos·d32,33° and° dismiss·d.9°
Ind··d° w·° consid·r°  ha °  h·° RPE° c·lls° do° no °
und·rgo° m· aplasia° (b·com·° fibroblas s)° in° PVR°
bu ° m·rely° adop ° a° fibroblas ic° app·aranc·° lifli 
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feef§ 4.§ The components of a complex ERM which 
aggregate at the site of a glial sheet (simple ERM). 
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r·spons·°  o°  h·° bioac iv·° mili·u,° a° chang·° in°
b·haviour° and° an° al ·r·d° subs ra ·,° i.·.°  h·y° r· ain°
 h·ir° ·ss·n ial° ·pi h·lial° na ur·° (r·main° k·ra in°
posi iv·°)?4° Al ·rna iv·ly° i ° is° possibl·°  ha °  h·°
fibroblas s° origina ·° from°  h·° hyalocy ·s° or° a°
pr·cursor° loca ·d° in°  h·° vi r·ous.° Tha ° hyalocy ·s°
migh °b·°a°sourc·°of°fibroblas s°in°dis·as·°and°injury°
has° b··n° discuss·d° ra h·r°  han° s udi·d,45 ,46° bu ° on°
balanc·° hyalocy ·s° hav·° macrophag·° ra h·r°  han°
fibroblas °charac ·ris ics°and°on·°canno °diff·r·n ia ·°
in o° h·°o h·r.47° I °has°also°b··n°sugg·s ·d° ha ° h·°
fibroblas s°migh ° origina ·°wi hin°  h·° n·ural° r· ina°
i s·lf,° p·rhaps°·xis ing°as° isola ·d°fibrocy ·s°around°
 h·° r· inal°blood°v·ss·lsY° Tha °  h·y°hav·° no ° b··n°
loca ·d° a °  ha ° si ·° may° b·° down°  o°  h·° c·llular°
compl·xi y°of° h·°p·rivascular°ar·a°or°simply° ha °a°
fibrocy ·°popula ion°do·s°no °·xis °in° h·°r· ina.°Th·°
qu·s ion°of°  h·°origin°of°  h·°fibroblas s°in° compl·x°
ERMs° h·r·for·°r·mains°probl·ma ical°and°a°f·r il·°
ar·a°for°fu ur·°r·s·arch.°

Th·° inflamma ory° c·ll° compon·n ° of° ERMs° has°
b··n° highligh ·d° in° a° numb·r° of° s udi·s.° Macro
phag·s°ar·°a°known°compon·n °of°bo h°simpl·°and°
compl·x° ERMsI2,16,33,38,39° (Fig.° 4)° and°  h·y° hav·°
b··n° found° ·i h·r° in°  h·° majori y,9° or° all16°  h·°
compl·x°ERMs°·xamin·d.°Th·°pr·s·nc·°of°lympho
cy ·s°has°also°b··n°no ·d,12°Th·s·°w·r·°for° h·°mos °
par ° incid·n al° findings° in° broad·r-bas·d° inv·s iga
 ions,° bu ° sp·cific° s udi·s°  o° id·n ify° SUb yp·s° of°
inflamma ory°c·ll°hav·°also°b··n°und·r ak·n,°Limb's°
group,48° using° sp·cific° lymphocy ·° mark·rs,° con
clud·d° ha °ERMs°w·r·°infil ra ·d°by°T°ra h·r° han°B°
c·lls°and° ha ° h·°T°c·lls°w·r·°a°mix ur·°of°CD4°+°and°
CD8+.°In°a°s·para ·°s udy°a °much° h·°sam·° im·°our°
own° group° wi h° Char ·ris° et al.49° look·d° pr·domi
nan ly°a °  h·° lymphocy ·°popula ion°and°conclud·d°
 ha °ov·r°80%° of° compl·x°ERMs°con ain·d°T° c·lls°
and° ha °of° h·s·°CD4°+°c·lls°pr·domina ·d.°Expr·s
sion° of°  h·° in ·rl·ukin-2° mark·r° confirm·d°  ha ° a°
subs an ial°propor ion°of°  h·°T° c·ll° popula ion°was°
ac iva ·d.° In°  his° s udy°B° c·lls°w·r·° no ° found°and°
macrophag·°numb·rs°w·r·°no °impr·ssiv·.°How·v·r,°
 h·°findings°con ras °wi h°  hos·°of°o h·r° s udi·s43,44°
wh·r·,° in° agr··m·n ° wi h° ·arli·r° inv·s iga ions,12°
macrophag·s°w·r·°found°in°r·la iv·°abundanc·.°Th·°
discr·pancy°migh °b·°·xplain·d°by° in ·rpr· a ion°of°
s aining,° sampling° or° p·rhaps°  h·° s ag·° of° ERM°
d·v·lopm·n ,° bu ° i ° do·s° und·rlin·°  h·° c·llular°
varia ion° ha °occurs°in°ERMs.°

Th·° abs·nc·48,49° or° n·ar° abs·nc·44° of° B° lympho
cy ·s°and°d·posi s°of°IgG,°IgM°and°compl·m·n °from°
ERMs°confirms° ha °humoral°immun·°r·spons·s°do°
no ° hav·° a° subs an iv·° rol·° in°  h·° pa hog·n·sis° of°
PVR.° How·v·r,°  h·° rol·° of° macrophag·s° and°
ac iva ·d° T° c·lls° in° ERM° d·v·lopm·n ° s ill° n··ds°
consid·rabl·°s udy.°Cy okin·°s·cr· ion°by° h·s·°c·lls°
would°con ribu ·° o°fibrosis° in°  h·°ERMs°and°mos °

1.§GRIERSON iT§ii.§

ERMs°s ain°immunohis och·mically°for° h·°cy okin·°
TNFa° and° som·° also° for° IL-l,° IL-6° and° in ·rf·ron°
gamma°(IFNa);°  h·s·°s·cr· ·d°cy okin·s°bind° o° h·°
·x rac·llular°ma rix°of° h·°ERMs,50°In situ hybridisa
 ion° has° confirm·d°  ha ° c·lls° na iv·°  o°  h·° ERMs°
·xpr·ss° mRNA° for°  h·s·° cy okin·s,51° bu ° i ° is° no °
known°which°c·ll° yp·s°ar·°upr·gula ·d°and°i °is°fair°
 o° say°  ha ° all°  h·° inflamma ory° and° non-inflamma
 ory°c·lls°of°ERMs°hav·° h·°po ·n ial° o°b·°involv·d.°

mlDHikfi2SIfis§mlsD§g/fi2SIGimlnfi2SIfis§

Th·°mix ur·°of°glia,°macrophag·s,°T°c·lls,°RPE°and°
fibroblas s°can°caus·°blindn·ss°b·caus·°of° h·°s rong°
 rac ion° g·n·ra ·d° by°  his° m·nacing° concoc ion° of°
c·lls°wh·n° h·y° form°an°ERM.°Many°qu·s ions°aris·°
abou ° h·°pa hobiology°of°ERMs,°such°as°how° h·s·°
various° c·lls° manag·°  o° com·°  og· h·r° in°  h·° firs °
plac·,° how° scar°  issu·° con rac s,° and° why° compl·x°
ERMs°con rac °and°simpl·°on·s°do°no .°

W·° a  ·mp ·d° o°addr·ss° h·°qu·s ion°of°how° he°
c·lls° com·°  og· h·r°  o° form°  h·° compl·x° ERM° by°
sugg·s ing° ha °a°glial°sh·· ° ( h·°simpl·°ERM)°was°nli 
pr·f·r·n ial° surfac·° for° c·lls° such° as° RPE° in°
par icular,° bu ° also° fibroblas s,°  o° s·  l·° on.° Thus°
 h·° sugg·s ion°was°  ha °  h·° k·y° c·lls° com·°  og· h·r°
b·caus·°of° good° adh·sion° o° h·° surfac·°of°glia°and°
poor°adh·sion°·ls·wh·r·.°Ra h·r° fancifully°w·°have°
call·d°  his°  h·° 'V·lcro'°mod·l° and°hav·°  ri·d°  o° ·s °
 h·° pr·sump ions° wi h° bioassays° (Fig.° 5). Simple°
s·  l·m·n ° assays° w·r·° conduc ·d° which° involv·d°
m·asuring° h·°adh·sion°of°cul ur·d°RPE°and°ocular°
fibroblas s° o°s·rum-coa ·d° issu·°cul ur·°plas ic°and°
also°  o° a° sh·· ° of° cul ur·d° r· inal° glia° simula ing°nli 
simpl·° ERM.° Bo h° visual° analysis° (Fig.° 6)° and°
scin illa ion°coun ing°of°c·lls°lab·ll·d°wi h° [14C]ade®
nin·° (s··° d·° Bono° and° Gr··n52° for°  ·chniqu·)°
show·d° us°  ha ° doubl·°  h·° numb·r° of° fibroblas s°

� Simple glial ERMs on li�heli li�li�uealli  surface liwfli li�heli li|eli�ililali 
D Vili�ucalli  li�li}faceli livfli li�heli li{eli�ilikali 
(3§ RPE 

�ibroblasts 

feef§ 5.li  Velcro hypothesis, which proposes that RPE and 
fibroblasts adhere to and thrive better on simple glial ERMs 
than on the surface of the retina, 
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feef§ 6.li  Histogram of settlement for 30 minutes, followed 
by washing, of [14C]adenine-labelled glia, RPE and 
fibroblasts onto serum-coated plastic (SCP) or a glial 
monolayer. Scintillation counting gave an indirect measure 
of settlement and adhesion which could then be read off as 
numbers from an appropriate calibration curve. The glial 
monolayer can be seen to be a poor substrate (n = 8; bar is 
SEM). 

and 4§ times the number of RPE cells settled on the 
plastic surface compared with the glial sheet. The 
Velcro idea did not seem to be holding up, and when 
the adhesiveness of a glial sheet was compared with 
that of ocular fibroblasts and RPE and found to be 
no different, we abandoned that line of thinking. 

There may not be something physically special 
about the glial surface but our assay was weak in that 
it did not take into account the complex environment 
in which ERMs form. As we have said earlier, 
growth factors,4.15 cytokines14 and bioactive glyco
proteins such as fibronectin16 are crucial behavioural 
modulators which influence not only cell division but 
also other important events such as migration, 
synthesis and substrate adhesion. Fibronectin, for 
example, gh§klhkhhhtsghkohh§gh§llw§gh§5§fLg/ml, nl£blhh§
�wk§sehhoemenh§ln§RPE§khooh§lh§�oghhkk;§qbtslboghhh§gtsh§
not so affected by 5§j..Lg/ml but 10§j..Lg/ml does increase 
their settlement by about 40%.§

Migration in vitro can be measured in a variety of 
ways, but one quantitative procedure that we use 
involves the microchemoattraction chamber.53.54 The 
chamber consists of two segments, each with the 
same number of microwells which come into register 
when the two segments are fitted together. Between 
the two segments is a gasket and a cell-permeable 
polycarbonate membrane. The substance to be 
tested fills the lower wells and a cell suspension is 
placed in the upper wells. The cells settle on the 
membrane and if they respond to the attractant they 
migrate through pores in the polycarbonate mem
brane to the lower side where they can be counted. 
Fibronectin is an effective attractant for RPE, 
fibroblasts, retinal glia and, for that matter, cells 
grown from segments of ERMs put up in culture 
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feef§ 7.li  Cells grown from a segment of complex ERM 
(removed at surgery) were exposed to fibronectin in a 48-
well microchemoattraction chamber. Fibronectin can be 
seen to be an effective migratory stimulant for these cells, 
with an optimum dose response at 10 jlg/ml (n = 4; bar is 
SEM). 

(Fig. 7). For each cell type the optimum migratory 
response was evoked by between 10 and 15 j..Lg/ml of 
fibronectin. 

It is possible that the release of bioactive 
substances, such as fibronectin, during the genesis 
and development of ERMs attracts cells to the site of 
the scar. To test whether the cells involved in ERM 
formation do release substances which influence 
gnzhhklh§ ghn§ mkstsgtkoh§ wh§ kollhkthn§ kohnktkohhd§
medium. For the conditioning process the cells were 

�n� § in �ntum-ftnn§mnd�um§ fot§ 48§ yout�,55§ cxec�ed§
for viability, and then the medium collected and 
stored at -70°C until required. All the bioactive 
substances released by the cells are then, it is hoped, 
contained within the harvested medium. Initial tests 
have shown that our glial cultures release soluble 
factors that promote their own settlement and the 
settlement of RPE cells but have no effect on 
fibroblasts. In addition, migration of both glial cells 
and fibroblasts was enhanced by glial conditioned 
medium, but this time the RPE cells were only poorly 
responsive. Thus it would seem that glial cells release 
soluble factors that have the potential of acting 
remotely or locally to, on the one hand, enhance 
RPE adhesion and settlement and, on the other, 
provoke fibroblast migration. In addition to this we 
have been able to show that conditioned medium 
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feef§8.li  The response of bovine retinal glia (BRG), bovine 
retinal pigment epithelium (BRPE) and bovine scleral 
fibroblasts (BSF) in a microchemoattraction assay, to 
medium conditioned by cells cultured from ERM tissue. 
The migration of fibroblasts to ERM-conditioned medium 
is much greater than that of the other two cell types and is 
also greater than the response to an optimum dose of 
fibronectin (Fn; dashed line) (n = 3; bar is SEM). 

from ERM cells grown up in culture contains 
stimulants that have little effect on RPE, some effect 
on glia, but have a massive effect on fibroblast 
migration (Fig. 8).�Due to the difficulties of growing 
ERM cells in culture and further difficulties in 
obtaining suitable conditioned medium, we have 
not as yet looked for settlement effects, but this 
would be an interesting next step. 

We do not know what the bioactive factors are in 
these various conditioned fluids and this work is 
currently in progress. Fibronectin was an obvious 
starting point for us, given its action on the target 
cells (see above) and on cells in other tissues.56 We 
found by ELISA that the amount of fibronectin 
produced by the glial cells and ERM cells during the 
conditioning process was around 10-15 /-Lg/ml. From 
our previous data this is a concentration which we 
know aids RPE settlement and fibroblast migration, 
but if fibronectin was the only factor involved then 
why were fibroblast settlement and RPE migration 
not stimulated? In addition, when we tested the 
optimum glial-conditioned medium settlement 
response against the optimal fibronectin response 
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feef§ 9.li  The response of bovine scleral fibroblasts to 
medium conditioned by retinal glia (glial-CM) and by 
cultured ERM cells (ERM-CM) . The fibroblast's migratory 
response to glial-CM is comparable to optimum fibronectin 
(10 /Lg1ml Fn) (n = 3; bar is SEM). 

for RPE, the former was significantly higher (p<O.Ol, 
Student's t-test). This is also the case when fibroblast 
migration to ERM-conditioned medium is compared 
with the response to optimal fibronectin (p<O.OOl, 
Student's t-test). However, glial-conditioned medium 
only provokes a migratory stimulus similar to that 
produced by fibronectin (Fig. 9). Clearly fibronectin 
may well be a key player, but its interaction with 
other bioactive stimulators and inhibitors requires 
consideration and further evaluation. 

rfis:nimlrnIfis:§

To answer the question why complex ERMs contract 
and simple ones do not, we have to examine the 
whole basis of scar contraction and wound closure. 
Contraction is now known to be a cell-based, rather 
than a collagen-based activity as was thought.5 How 
precisely the contraction is brought about remains 
controversial, but two theories hold sway. The first 
was introduced by Gabbiani et ai.5 and, in its most 
developed form, suggests that a subset of fibroblasts 
come together in the form of a sheet of attached cells 
and that this stationary aggregate acts like a muscle 
to bring about scar contraction and wound closure. 
These contractile fibroblasts were called myofibro
blasts5,57-59 and were distinguished by their elongated 
spindle shape, invaginated nucleus, the presence of 
gap junctions between adjacent cells, the formation 
of extracellular material called MAS (myofibroblast 
associated substance) and, most of all, by the 
presence of aggregations of actin microfilaments in 
their cytoplasm to form stress bundles.57,58 The 
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myyfib•yb�yzz�wy•y� �yug��yf�yz� y� �ylf-wyy��yuzy�
bywee��•uy�fib•yblyzz�y� �zmyy��muzcly�cyl�z�y� �
�yy�wy•y� i y��fiy ��y� y��y� i�� g•y�uly�y�� izzuyS�

bu� y�zy� i�� umyu•z� y� � yvy�� i�� ny•myl� �zzuy� yf�
vy•iyuz�ypyz.59�

Cy��z� w�h� �y� c�y•ycy•iz�cz� yf� myyfib•yblyzz�
hyvy�byy��i y�ifiy �i��cy�•yc��y�ERMz�•ymyvy �y�
zu•gy•y� fy•� •yymy�� yf� �umy��  �zyyzy9,lMO.6

1�
y•�

p•y ucy �yxpy•�my�y�ly� i��y�imyl�my ylz.62�Hyw
yvy•,� i� iz� yu•� yxpy•�y�cy� �y� �y�•� �umby•z� y•y�
�yvy•� ybu� y�.� ERMz� �yvy� byy�� •ymyvy � y� �
i�vyzigyy � fy•� �yi•� yvy•yl�� cy�•yc�ly� pyy��yl�
f•ym�by��yxpy•imy�y�63�y� �py�ylyg�cyl�yyyz.60�I��
yg•yymy�� wih� zimi�y•� zu iyz� cy� ucy � by� y�y•z�
y�� g•y�u�yiy�� izzuy64� �y� ERMz� wy•y� zhyw�� y�
�yvy� i�•i�zic� cy�•yci�iy.� Symy� myvymy�� wyz�
p•y ucy � ��� ERM� izzuy� �y� wyz� plycy � ��� y��
y•gy�� cu�u•y� by�,� fiy � y� y� •y�z ucy•� y� � �y��
yxpyzy � y� ygy�z�w�ic�� cy�•yc� zmyy��muzc�y.6

3�

Wy� wy•y� �yvy•� yb�y,� i�� �y� cy� i�y�z�yf� yu•� yw��
lyby•yy•y,� y� •yp•y ucy� ��z� yxpy•�my�y�� fi� i�g�
(c.�A.�Hic���z�y� �W.�U�gy•,�u�publiz�y ),�bu�wy�
di � z�ow� �y� cy��z� g•yw�� yu� yf� ERMz� i�� culu•e�
cy�•ycy � w�y�� �yy� wy•y� yxpyzy � y� MgATP.65�

Cyyzky�ey��zyi�i�g�fy•�ky•yi�z� ymy�z•yy ��y�
a�p•ypy•�y��yf��y�cy�•yci�g�cy��z�wy•y�RPE,�bu�
�y�yhy•z�•ymyi�y �u�c�yzzifiy .�I��y�zypy•yy�zu y,�
culu•y �RPE� cy�•yc�y�� �� ucy � by�MgA�TP�wyz�
cympy•y �wi���y�yf�fib•yb�yzz�y� �zmyy��muzc�y�
cy��z.�A����•yy�cy���ypyz�•yzpy� y �bu��y�•yzpy�zy�
of�RPE�y�d�fib•yb�yzz�wyz� �yzz� �y�� �y� yf� yy•�c�
smyyh�muzc�y.66�I� iz��y�zu•p•izi�g��y� cyllz� f•ym�
ERMz� y•e� yci�� •ich9.16,60� y� � cy�� cy�•yc� ��� �y�
p•yzy�cy�yf�ATP,65�bycyuzy�hiz�wyu� �zyym�y�by�y�
prypy•y� yf� myz� cy��z� - yvy�� �yzy� zuc�� yz�
myc•yp�ygyz67� y�d� g�iy27� �y� y•y� •yciy�y��y�
�ncympyy�� in vivo. T�e� yci�� ��� fib•yb�yzz� y� �
RPE�iz��y�-muzc�e�yci�,�zimi�y•�y��y� i��g�iy,�bu�
�yzy�cy��z� y��y�yxp•yzz� yzm���y� ��y�y�y�ygy�yf�
t�yi•�muzc�e-�iky�p•ypy•iyz� yyz��y�byy•�yy�c�yzy�y�
sc•ui�y.�
T�y� y�y•�yivy� p•ypyzy�� iz� hy� cy�•yc�y�� �yz�

l��y�y� y�wih�zyiy�y•y�fib•yb�yzz�(y•�RPE)�wi��
muzc�y-�iky� chy•yce•izicz� fy•mi�g� y� cy��u�y•� u�i�
w�ich� u� y•gyyz� zy�ch•y�izy � cy�•yciy�.� I�zyy �
cy�•yciy��iz�he�cy�zyquy�cy�yf�izy�yy �mig•yy•y�
cy��z� myvi�g� h•yugh� y� zcyffy� � y•� y�� yp� yf� y�
subz•yy� ypp�yi�g� •yciy�� �•yug�� y �yz�y��
bywyy�� �y� cy��z� y�d� �y� yx•ycy��u�y•�my•ix.� T�y�
�mpy•y��fycy•z,�hy•yfy•y,�y•y�cy���myvymy��y��y�
scyffy� ,�y heziy��y�he�zcyffy� �y� �p�iybi�iy�yf�hy�
scyffy�d.� The� �yz� zimp�y�mey�z� hy�wyu� �clyzu•y�
ryqui•yz� y� �y�-•igid� zubzt•yy� y� myvy� (c�y� y•�
cy��ygy�);� he� my•e� u�yie� i�g� �y� zcyffy� � �y�
my•e� cy��z� y•y� �yy y � y� p•y ucy� y� cy�•yc�y�.�
T�y� iz� p•ybyb�y� why� �y� cy�•yciy�� ykyz� p�ycy�
a•yu� �zub•ei�y��mymb•y�ez�(•ic�� i��RPE)�w�y•y�

epp§

yyc�y �y�B•uc�'z�mymb•y�y�w�y•yyz��y�•y�yivy�y�
fyw�cy��z��y�fy•m�y�p•y•yi�yl�ERM�(ylzy�y�ziy�yf�
RPE�yccumu�y�y�)��yvy�y� yvyzy��g�yffyc�y���y�
 ylicyy��yu•yl�•yi�y.�
T�y�wy•k� yf�Hy••�z� y� � ��z� g•yup68� i�� �y� yy•�y�

1980z� fi•z� i�luz•yy ��yw� lycymyiy��y� � y �yziy��
wy•ky � ygy�y•�y�b•��g�ybyu�cy�•yc�y���•yug��
zu•fycy�w•i�kl��g.� T�yy�pu� y� v�zcyuz� •yp�yf�h�g�
cy�izyky�zi�icy�y�yi��y��y�z�i y�y� �pylymy•izy ��y�
zu•fycy� yf� hy� yil� by� •yp� �y� pyzzi�g� i� �•yug�� y�
Bu�zy�� flymy.� T�iz� c•yyy � y� zkin� yvy•� �y� �iqui �
zil�cy�y�(�iky��y�zki��y��y�•icy�pu  i�g)�y�y�w�ic��
cyllz�cyul �by�zyy y .�Myc•yp�ygyz�myvy �ybyu��y�
z�licy�y� wi�yu� lyyv��g� y� •ycy,� bu� fib•yb�yzz�
p•y ucy � ���iylly�  yyp� lyy•yl� fyl z� i�� �y� z�licy�y�
z�yy.68,69� S�mi�y•� fi� ��gz� �yvy� byy�� •ypy•e � by�
K�yw� et az.7° i�� �yi•� zu iyz� yf� Te�y�'z� cypzu�y�
fib•yb�yzz.�
Wy�•ypyyy ��y�Hy••iz�yxpy•�my�z�uzi�g�zc�y•y��

fib•yb�yzz,� RPE� y� � •ei�y�� g�iy� y� � fi�my � �y�
p•ycyzz� by� �my-�ypzy� p�yyg•yp�y.� T�y� •y��y��g�iy�
myvy �y���e�zu•fycy�yf��y�z�l�cy�y�bu� � ��y�my•k�
�y� zu•fycy� i�� y�y� wyy� wy� cyul � •ycyg�izy.� T�y�
fib•yblyzz�y� �RPE�zy�y �y�� z��icy�y�zki�z�y� � ���
�yzz��y��y���yu•��y �zp•yy �yu�y� ��y � yvy�ypyd�
y� �z��civy�f•y�yl�fy��yf�cyyp�yzm�w���y� •uffli�g�
mymb•y�y.�T�y�wy�cy���ypyz��yyky �vy•y�zimi�y•�yz�
�yy�myvy �bu��y�RPE�cyllz�y� y �y��yvy�y�ly•gy•�
fy�� �y�� �y� fib•yblyzz.� Myvymy�� wyz� �y� vy•y�
yfficiy��y�� hiz�  elicyy� zu•fycy�y� � lyy•yl�fy� z� ���
�y�zubz•yy�wy•y� zyy��yxy� i�g�f•ym�yyc��yf� �y�
myb�ly� cyl�z.� Afy•� 4 �yu•z� �y� cy��z� �y � cyme�
ygy�y•� y� fy•m� �z�y� z,� bywyy�� yyc�� yf� whic��
wy•y�  yyp� cy�•yc�y�� g•yvyz� in� �y� zilicy�y� z�yy.�
Symyimyz� �y� cy�•yc�y�� wyz� zy� z•y�g� �y� hy�
py�ymy•izy � zi��cy�y� zpli� y� � wyz�  •yggy � i��
ywy• z� �e� cy�lu�y•� fyci,� yxpyzi�g� �y� u� y•�yi�g�
��qui �(Fig.�10).�A�vy•y�zimi�y•�pictu•y�cy��by�zyy��y��
�y�zu•fycy�yf��y�•y��y�w�y��ERMz�bygi��y�fy•m.�
U� y•� �y� y�yc•y��mic•yzcypy�•yi�y�� fy� z� cy��by�
zyy�� bywyy�� �y� fyci� yf� cyl�z� w�ic�� myky� up� �y�
dyvy�ypi�g�ERMz,��y�yppyy•� i y�icy��y��y�fy� z�
w�ic��wy•y� zy� iz��c�vy���� �y� zi�icy�y�•ubby•.� Ty�
yxp�y��� �iz� cy�•yciy��p•ycyzz� wy� �iky� y� uzy� �y�
y�y�ygy�yf�y�byby�y��y�b�y�ke.�Imygi�y�y�byby�y��y�
b�y�ke� y�� y� py��z�y � flyy•.� Az� �y� byby� zy•z� y�
crywl,� �e� blanke� begins� ty� wrinkle� laterallz� (Fig.�
11);��y�my•y��y�byby�myvyz��y�my•y�w•��k�y �hy�
bly�ky�bycymyz� (mig•yiy�);��e�my•y�pu•chyzy��y�
byby� yxy•z� �y� my•y� �y� bly�ky� wi��� w•��k�y�
(y �yz�y�);� y� � �y� my•y� p��yb�y� �y� b�y�ky� �y�
my•e� i� wi��� w•i�k�y� (zubz•yy�).6� T�uz� yu•� yxpy•i
my�z� i� icyy� hy� �y� •yyzy�� •yi�yl�g�iyl�cyllz�y•y�
cli�icy�ly�i��ycuyuz�hyz�y� y�wi��hei•�y �yz�y��y�
�y� zubz•yy:� �yy� y•y� yz�mybily� yz� fib•yb�yzz�y� �
RPE� cy��z� bu�  y� �y� �yvy� �y� z•y�g� zu•fycy�
pu•c�yzy�y� izy•��y�zu•fycy��yy�myvy�yvy•.�
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feef§ n0i§ Phase-contrast micrographs of RPE cells on a 
thin silicone sheet J hour (A) and 6 hours (B) after 
settlement. (p)§ Mobile cells are spread out and have 
produced wrinkles in the sheet. (B) By 6 hours the wrinkles 
have become deep grooves connecting islands of cells. The 
traction is so fierce that the thin sheet has been split and is 
rolling like a blind (arrows). (XJ60) 

A�tyzt�zyztym�uzy �ty�invyztigyty�t�y�zt•yngt�z�yn �
wyyknyzzyz� yf� t�y� myyfib•yblyzt� yn � mig•yty•y�
t�yy•iyz�yf�zcy•�cynt•yctiyn�iz� t�y� t�•yy- imynziynyl�
cyllygyn�myt•ix�my yl.�T�iz� zimply�my yl� iz� yztyb
liz�y �by�tyking�cyllygyn�in�zylutiyn�(uzuylly�typy�I),�
zyy ing� it�wit��fib•yblyztz�y•� ynyt�y•� cyll� typy,� yn �

feef�f§ p§baby on a blanket on a slippery floor. The more 
the child struggles to move the more wrinkles are produced 
in the blanket. 

1.§ rodiefidiheds§in§iiu§

t�yn� pylymy•izing� t�y� cyllygyn� inty� y� myt•ix� by� y�
c�yngy� in� pH.� T�y� myt•ix� iz� t�yn� yvy•lyi � with�
my ium�yn �•ylyyzy �f•ym�t�y�zi yz�yf�itz� iz�.�Ovy•�
y�py•iy �yf�y�fyw� yyz�t�y�myt•ix�cynt•yctz� ywn�ty�y�
zmyll�f•yctiyn�yf�itz�y•iginyl�zizy�(Fig.�12). T�y�•yty�yf�
cynt•yctiyn�iz� ypyn ynt�yn�t�y� cyllagyn� cyncynt•y
tiyn� yn � t�y� numby•� yf� cyllz� zyy y � inty� t�y�
myt•ix.71,72� T�y� p•ycyzz� iz� �ig�ly�  ypyn ynt� yn�
t�y•y� bying� zy•um� in� t�y� my ium,72� it�  yyz� nyt�
zyym� ty� invylvy� t�y� yctiyn� yf� yn|ymyz� yn� t�y�
cyllygyn� yt� y� g•yzz� lyvye3� ny•�  yyz� it�  ypyn � yn�
cyll� p•ylify•ytiyn.71.74� Ryt�y•,� w�yt� yppyy•z� ty�
�yppyn� iz� t�yt� t�y� fib•yblyztz,� w�ic�� y•y� initiyll{�
•yun y ,�zp•yy �yut�yn �t�yn�mig•yty�ty�t�y�zu•fycy�
yf� t�y� cyllygyn� w�y•y� t�yy� fy•m� y� lyyy•.69,75,76�

Du•ing�t�yi•�mig•ytiyn�t�y�cyllygyn�myt•ix�bycymyz�
•yy•gynizy � inty� bun lyz� yn � p•yviyuzly� t•yppyd�
wyty•� iz� •ylyyzy � inty� t�y� my ium.69,76-78� T�is�
myc�ynizm� iz� zimily•� ty� t�y� •yy••yngymynt� yf�
yxt•ycylluly•� myt•ix� myty•iylz� w�ic�� cyn� yccu•� in�
t�y�yy•ly�ztygyz�yf�wyun ��yyling.71.79�

E�•lic�74.8o� �yz� yxyminy � t�y� cyllygyn� myt•ix�
my yl�in�zymy� ytyil�ty�zyy�w�yt�y•�t�y�cynt•yctiyn�
iz� b•yug�t� ybyut� by� myyfib•yblyztz� ycting� in� nli 
cyy• inyty �mynny•�yz�y�multicylluly•�unit�(Gybbiyni�

feef§ n2i§ Macrophotographs of wells containing collagen 
seeded with fibroblasts. In (p)§ the collagen fills the well, but 
by 4 days (B) the collagen has contracted to a fraction of its 
original size. 
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my y�S)� y•� w�yt�y•� �t� �z� p•y ucy � by� �zy�yty �
m�g•yty•y� cy��z� yxy•t�ng� t•yct�yny�� fy•cyz� yn� t�y�•�
�mmy �yty� yxt•ycy��u�y•� ynv�•ynmynt� (t�y� Hy••�z�
my yI68,69),� H�z� yxpy•�myntz�yn � ybzy•vyt�ynz��yvy�
z�ywn� t�yt�myyfib•yb�yztz� cyu� � by� fyun � �n� t�yzy�
myt•�cyz�but�t�yt��t��z�t�y�m�g•yty•y�fib•yb�yzt�w��c��
p•y ucyz�t�y�cynt•yct�yn,�Ou•�ywn�fin �ngz�z�ywy �
t�yt� t�y•y� wyz� y� p�yz�cy�� •yy••yngymynt� yf� t�y�
cy��ygyn� �n� yzzyc�yt�yn�w�t��m�g•yt�ng� ycu�y•� fib•y
b�yztz� yn � RPE� w��c�� wyz� nyt� zy� yv� ynt� y•yun �
m�g•yt�ng�g��y,�W�yn�250 000 cy��z�wy•y�zyy y ��nty�
yyc��myt•�x�t�yn�t�y�fib•yb�yztz�•y ucy �t�y�cy��ygyn�
 ywn�ty��yzz�t�yn�20% yf� �tz�y•�g�ny��z�zy��n�7  yyz;�
t�y�RPE'z�•yzu�t�yf�50% wyz� �yzz� •ymyt�c�yn �g��y�
�y �ny�yffyct�yt� y��� (F�g,� 13),� T��z�wyz�nyt�bycyuzy�
t�y�g��y� � �nyt�zp•yy �yn �m�g•yty;��n�t�y��y�t�yy� � �
zy� yz� wy��� yz� t�y� yt�y•� twy� cy��� typyz.� It� wyz� yu•�
cynz� y•yt�yn� t�yt� t�yy� fy��y � ty� •yy•gyn�zy� t�y�
cy��ygyn� �nty� bun �yz� bycyuzy� t�yy� yxy•ty � �yzz�
fy•cy�y��t�y�•�zu••yun �ngz�yz� t�yy�myvy .76,79�T��z�
wyz� nyt� yn� y��-y•-nyt��ng�yvynt� bycyuzy� g��y�� cy��z�
wy•y� cypyb�y� yf� p•y uc�ng� zymy� cynt•yct�yn�w�yn�
t�y�•�numby•z��n�t�y�cy��ygyn�myt•�x�wy•y��nc•yyzy �
ty�750 000, y�t�yug��t�y�•yzpynzy�wyz�nyt��ng���ky�yz�
gyy � yz� t�yt� p•y ucy � by� t�y� yt�y•� twy� cy��� typyz.�
Su•p•�z�ng�y� yny� yt�y•� •ypy•t81� �n� t�y� ��ty•ytu•y�
cympy•�ng� g��y�� cynt•yct�yn� yf� cy��ygyn� myt•�cyz�
w�t�� t�yt� yf� fib•yb�yztz� yn � RPE� cynt•y �ctz� yu•�
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Fee.§n3i§ The effect of 250 000 glia, RP E and fibro�lasts on 
collagen matrices, The fibroblasts contract the matrix down 
to less than 20%§ of its original size in 7li  days, RPE§ cells 
reduce it to little more than 50% and gntnli hnyeli  ytlizli�li�nnnli�li  liiliqli 
effect (n = 4-] 5; bar is SD),§
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fin �ngz�by�z�yw�ng�t�yt�g��y�y•y�my•y�yffyct�vy�t�yn�
fib•yb�yztz� yn � RPE!� Wy� cyn� yn�y� zyy� t�yt� yu•�
yxpy•�mynty��•unz�wy•y�•ypyyty �myny�t�myz�yn ,�yt�
�yw�cy���numby•z,�g��y�wy•y�nyvy•�yb�y�ty�cynt•yct�y�
cy��ygyn�myt•�x�w���y�yt���g��numby•z�t�y�•�cynt•yc
t�yn� wyz� fyyb�y� cympy•y � w�t�� t�y� yt�y•� twy� cy���
typyz.�
Ou•� yxpy•�myntz� zuppy•t� t�y� � yy� t�yt� �zy�yty �

m�g•yty•y� cy��z� p•y ucy�myzt� yf� t�y� cynt•yct�yn�yf�
cy��ygyn�myt•�cyz.� A�mu�t�cy��u�y•�un�t� wyz� yv� ynt�
yn�y�yt�t�y��ytty•�ztygyz�yf�cynt•yct�yn�w�yn�t�y�cy��z�
(fib•yb�yztz� yn � RPE)� �y � m�g•yty � yut� yf� t�y�
cynt•ycty � cy��ygyn� myt•�x� yn � fy•my � y� cy��u�y•�
zk�n� y•yun � �t.� E�yct•yn� m�c•yzcypy� z�ywyd� t�yt� y�
myyfib•yb�yzt�p�ynytypy�wyz�•y•y�ymyng�t�y�m�g•yt
�ng� cy��z� w�t��n� t�y� myt•�x� but� t�yt� cy��z� w�t�� t�y�
 �zt�nct�vy��nvyg�nyty �nuc�yuz� yn � ygg•ygyty � bun
 �yz� yf� yct�n�m�c•yfi�ymyntz�wy•y�my•y� cymmyn� �n�
t�y� cy��u�y•� zk�n� w��c�� fy•my � y•yun � t�y� •yy•gy
n�zy � cy��ygyn� �n� t�y� �yty•� ztygyz� yf� t�y� yzzyy.79�

S�m��y•�ty�t�y�fin �ngz�yf�yt�y•z,8o�yny�yf�uz�z�ywy �
t�yt� yxpyz�ng� t�y� cy��-pypu�yty � myt•�cyz� ty� ATP�
�y � ny� yffyct� yn� cynt•yct�yn� •yty� y�t�yug�� �t�  � �
cyuzy�t�y�cy��z�ty�by�my•y�•yun y .79� Immuny��zty
c�ym�cy��yn � t�my-�ypzy�ztu �yz�cyn ucty �by�uz�yn�
fib•yb�yzt� �njyct�yn� �nty� t�y� •ybb�t� v�t•yyuz� in vivo 
z�ywy � t�yt� m�g•yty•y� fib•yb�yztz� wy•y�  ym�nynt�
w�yn� zcy•� mymb•ynyz� wy•y� fy•m�ng� yn � •yt�ny��
 ytyc�myntz� wy•y� byg�nn�ng� ty� yccu•� w�y•yyz�
myyfib•yb�yztz�wy•y� �ytycymy•z�yn�t�y�zcyny.�
It��z�bycym�ng�yccypty �by�zymy6,68,69,74,79,80,82�t�yt�

t�y� myyfib•yb�yzt� yx�ztz� but� �z� nyt� cynt•y�� ty� t�y�
cynt•yct�yn�p•ycyzz.� If� t�yt� �z� zy,� w�yt� •y�y�  yyz� �t�
�yvy?�Wy��yvy�zuggyzty 6�t�yt�myyfib•yb�yztz�yct�yz�
cy��u�y•�'ztyp�yz'�ty��y� �t�y�cynt•ycty �t�zzuy��n�p�ycy�
�yng� ynyug�� fy•� cy��ygyn� ty� by� zynt�yz�zy � �n�
zuffic�ynt� quynt�t�yz� ty� zycu•y� t�y� zcy•.� T��z� wyu� �
yxp�y�n� w�y� myyfib•yb�yztz� y•y� zyyn� �yty� w�yn�
cynt•yct�yn��z�pyyk�ng.�Myny�cy���typyz,�w�yn�zp•yy �
yn� t�y� t�zzuy�cu�tu•y� �z��y•� ynyt�y•�fi•m�zubzt•yty,�
yxp•yzz� yn� y�yby•yty� y••yngymynt� yf� ygg•ygyty �
yct�n� �n� t�y�•� cytyp�yzm,� T�yzy� zt•yzz� fib•yz� y•y�
yzzyc�yty � w�t�� ztyt�yna•y� cyllz� yxy•t�ng� �zomyt•�c�
fy•cy� yn� yn� �mmyb��y� zu•fycy.6� St•yzz� fib•yz� y•y� y�
�� '� .� f� f� fib� b�� t� 57-59,82� d�c� y•yctynztlc� yytu•y� 0li  myy� •y� yz� z,� yn�
wy�knyw� t�yt�myyfib•yb�yztz�y•y��mmyb��y�cy��z.� It��z�
cyncy�vyb�y� t�yt� t�yy� fy•m� nyt� ty� p•y ucy� �zytyn�c�
cynt•yct�yn� but� ty� �y� � t��ngz� ztyy y� by� yxy•t�ng�
�zymyt•�c� fy•cy� yt� t�y� ynd� o•� nya•� t�y� ynd� yf� t�y�
cynt•yct�yn�p•ycyzz.� In�zuppy•t�yf�t��z�� yy�Fy•z��yn �
Aub�n83� fyun �t�yt��f�y� cy��ygyn�myt•�x�wyz�zycu•y �
zy��t�cyu� �nyt�cynt•yct�t�yn�t�y�cy��z��n��t�ydypty �y�
myyfib•yb�yzt�fy•m�w�t�� �zt�nct�vy�bun �yz�yf�yct�n�
microplame�ls§ �n� lheir§ c¤lo�lasm,§ b¢l§ lhal§ im§ lvh§
licnwnili�li  li�nnli  whmtli  nmlmnnmdli  nfltmtli  nfltmli  lidli�tfirntrlannflli 
p�ynytypy�wyz��yzt.�
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feef§ n4i§ Weaver ants making their leaf nest. The an.ts 
which scurry about on the surface of the leaf (mobzle 
fibroblasts; arrows) bind the leaf over (isotonic

.
t0rce�, 

whereas the ants which line up grasping the leaf with thezr 
mandibles and legs (myofibroblasts; arrowheads) hold the 
leaf in place (isometric force). 

Wy���ky�y�cympy•y��y�•y�y�yf�myb��y�fib•yb�yzz�
y� �myyfib•yb�yzz� y� �y� yc�v��yz� yf� wyyvy•� y�z�
w�y�� �yy� myky� y� �yyf� �yz� (F�g.� 14). T�yzy� y�z�
zcu••y� y•yu� � �y� c�yzy�� �yyf� y� � zy•� y� by� � ��
yvy•� (�y� �zyy��c� yc�y�� yf� �y� m�g•yy•y� fib•y
b�yzz);�w�y�����z�fy� y �yvy•�zuffic�y��y�y�y•�y�z�
�y� ��y�z•y���by�g•yzp��g�y�y�y gy�yf��y��yyf�wI��
�y�•� byck� fyy� y� � �y� y�y•� y gy� w��� �y�•�
my� �b�yz� (�y� �zymy•�c� fy•cy� gy�y•yy � by� myy
fib•yb�yzz).�T�y�y�z��y� ��g��y��yyf����pyz��y��y•y�
g•y uy��y���cy•cy•yy ���y�y�z��k�myz��w��c��ycz�yz�
�y� fi�y�� zyy�� fy•� �y� �yz.� T�y� ympy•y•y� zyy��
p•yv� y � by� myyfib•yb�yzz� �z� y�zy� •yp�ycy � by� y�
my•y� py•my�y�� cy��ygy�yuz� myz�� w�y�� y� zcy•�
bycymyz� fixy .� W��� �my� �y� fixy � zcy•� �yz� my•y�
y� � my•y� cy��ygy�� y� � fywy•� fib•yb�yzz� yf� y��y•�
ypy.�
T�y�y•m�'•yc�y�y��z•ucu•��g'�wyz���•y ucy �by�

Sypyk�y� �Hy••�z84� y�yxp�y����y�p•ycyzz�by�w��c��
zcy•�cy��z�in vivo •ymy y��yx•ycy��u�y•�fib•yz�y�fy•m�
cy��yc�vy� �zzuy� bu� �yz.� I� y�zy� �y�pz� y� yxp�y���
w�y��z��yppy���g�y�fly�zu•fycyz�w�y���yy�gy���y�
fy� z�y� �pucky•�(z���cy�y�z�yy�y•��yu•y��•y��y).�I��
gy�y•y�,� y�m�g•y��g� cy��� y �y•yz� y� �z� zubz•yy�

.
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vy•�yuz�py��z�y���y�zu•fycy�y� �yxy•z�y�cy�•yci�y�
fy•cy�y•�•yc�y��y��yyc��yf��yzy�y �yz�y�z.�T�y�cy���
����y��y� pu��z� ��� y���  �•yc�y�z,� bu� �� �z� �y� y•yy� yf�
z•y�gyz� y �yz�y�� �y� •yzy�vyz� �y�  �•yc�y�� yf�
�ycymy�y�.85�If��y�zubz•yy��z�wyyk���w����by� •yw��
��;� �f����z�•�g� ��y�cy���w����myvy�fy•wy• �yyz��y.�
I�� �y� cy��ygy��my•�x� �y� cy��z�w��c�� cy�•ycy �

�y�cy��ygy��(fib•yb�yzz�y� �RPE)�yxy•y �y�pu����g�
fy•cy�y���y�zu••yu� ��g��zzuy,� •ygg��g�����y�����
cy��ygy��fib•��z�w��c��wy•y�u�yb�y�y�•yz�z���z�fy•cy.�
Az��y�cy��ygy��fib•��z�wy•y�•yy�y ����(G�yzy•�et al.86�

�yvy�cy�cu�yy ��y�cy��ygy��z•y� z�cy��by� •yggy �
y�y�•yy�yf�2.5 /Lm/m���by�RPE�cy��z)��yy�c�umpy �
ygy�y•� y� fy•m�bu� �yz.�T�y�bu� �yz�y��y•gy �by�

e.§ rodiefidiheds§in§iiu§

��z� ug-yf-wy•�p•ycyzz�u���� �y� y�z��y�z•y�g��yf�
�y� ygg•ygyy � cy��ygy�� wyz� zuffic�y�� y� y��yw� �y�
cy��� y�myvy� fy•wy• .87�Cy��z� by��� �wyu� � y� �y�
fy��yw� t�y� zymy� •yuy� yz� �y� �yy � cy��� bycyuzy� yf�
cy�yc�gu� y�cy� (y� �•ycy �•yzpy�zy�y�yx�y��cuyz)�
y� � ��� •yzpy�zy� y� c�ymyy•ycy�z� zy��yz�zy �by�
�y� �yy � cy��(z),� zy� •y��fy•c��g� cy��ygy�� bu� �y�
fy•my�y�.� Ou•� g��y�� cy��z� cyu� � �y� p•y ucy� �y�
zymy� yffyc�  yzp�y� �yv��g� y� wy��- yvy�ypy � cyy
p�yzm�c�yc���m�c•yfi�ymy��zyzym�y� ,� ����y��y•�y�
zygyz,� by��g� yb�y� y� myvy� �•yug�� �y� mynx� yz�
qu�ck�y� y� � yz� wy��� yz� �y� y�y•� w�� cy��� yp�z.� I�
wyu� �zyym��y�w����� �y��ypy�ySIS�yf� •ycIO�y��
z•ucu•��g� �y� �yy� cy��myvy� fy•wy• �y��cy��ygy��
my•�cyz�w��yu�muc��bu� �y�p•y uc�y��y� �y��fly�
zu•fycyz�w��yu��yy �fy•�muc��w•��k���g.�

rfi2SIs:mlL§rfig/g/is:nk§

T�y� ERM� �z� y� fyzc��y��g� zcy•� zyzym� w��c��
cymb��yz� wy� ypyz� yf� •ypy�•:� g��yz�z� y� � fib•yz�z.�
G��yz�z�zyymz�y� ym��yy�yy•�y�mymb•y�y� yvy�yp
my�� y� � �z� yzzyc�yy � w��� m���my�� cy�•yc�y�,�
w�y•yyz�fib•yz�z�b•��gz�w�����z•y�g�•yc�y��y���e�
•y��y.�P•y��fy•y�y��yf��y�vy•�yuz�cy���ypyz���vy�vyd�
�z� yky�� yz� �y�my��� c�y•ycy•�z�c�yf� �y� cy� ��y��
y� ,� �y•yfy•y,� �� �z� �y� zu•p•�z��g� �y� •yzyy•c�� o�
fi� �y ju�cz�y•�y�y•�y�vyz�y�PVR�zu•gy•y��yz�byy��
 ym��yy �by�y��p•y��fy•y�vy�ygy�z.6~88�D�v�z�y��of�
cy��z� �y� wyu� � y�y•w�zy� by� �y�- �v� ��g� �z� yn�
�mpy•y��fyyu•y�yf�PVR,�y� �juz�fiyz��y��ymy,�?ut�
�� z�yu� � �y� by� fy•gyy���y� �y� kyy� py�y�ygIcal�
yvy�� �z� cy��-my �yy � cy�•yc�y�.� T�y•y� �z� not a�
myjy•� ��c•yyzy� ��� �zzuy� bu�k�  u•��g� ERM� g•ywh�
y� � bycyuzy� yf� �y�  y��cyy� �yu•y� yf� �y� �yu•a��
•y��y�•y�y�vy�y�zmy���fyc��yf�zcy•��zzuy� yvy�ypmynt�
cy���yvy� •ymy�c� �zy•�y�y��yffycz.�T�uz����z�qu�e�
pyzz�b�y�y�zyp�p•y��fy•y�y��bu��y�����b��cy�•yc}
�y��y� ��y�zubzyquy���yzz�yf�v�z�y�.�
M�g•y�y��yf��y�kyy�cy��z�y� ��y�•�ygg•ygy�y��at�

�y� z�y� yf� ERM� fy•my�y��y•y� fu� ymy�y��yvynts�
w��c�� y�zy� �yy � y� by� my u�yy � �f� my �cy�� •yat
my��yf�PVR��z� yvy•� y� by� yffyc�vy.�T��z� �z� y��� he�
my•y� �mpy•y�� �yw� �y� wy� k�yw� m�g•y�y�� ynd�
y �yz�y�� y� y�  �zy•yb�y� zubz•yy� y•y� �yw� fibro
b�yzz� y� � �y�•� ��ky� b•��g� ybyu� cy�•yc�y�� and�
wyu� � c�yzu•y.6.69,74� Fuu•y� •yzyy•c�� myy� cy�cen
•yy� y�� �y� y �yz�y�� bywyy�� fib•yb�yz/RPE� and�
zubz•yy�y�fi� �yu�w�y��z�c•uc�y��y��y�'•yy���g��n'�

Tablryli  I.li  Collagen matrix contraction (25o§ooo§cells per gel) 

Fibroblasts RPE Glia 
Contraction Yes Yes No 
Fibronectin Yes Yes Yes 
Thrombospondin Yes Yes No 
Vitronectin Yes Yes No 
The cells which contract collagen matrices (fibroblasts and RPE)§
are positive for fibronectin, thrombospondin �nd vitronec�in, 
whereas glia, which do not contract �atnces at. thIS con�entratlOn 
of cells, are positive for fibronectm (ImmunohIstochemIstry). 
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p•ycyzz.�W�ic��g�ycyp•yyi�z�y•y��yy y �y� �w�ic��
y•y�i�ci y�y�?�Of��y�i�yg•i��•ycypy•z�i�vy�vy �i��
cy���yyc�my��y� �mig•yiy�,�w�ic��y•y�byzy� y•z�
y� �w�ic�,� if�b�ycky ,�wyu� �impy y�mig•yiy��y� �
cy�•yciy�?� Ty�  yy� fib•y�yci�,� �•ymbyzpy� i��
y� � vi•y�yci�� zyym� y� by� y�yby•yy � y•yu� � �y�
mybi�y�cy��z� i�� cy��ygy��my•icyz�y� � i�� zymy� cyzyz�
�yi•�mig•yy•y�py�wyyz� (i.y.� �y� fy•mi�g� cy��ygy��
bu� �yz)19� (Tyb�y� I).� W�y�y•� y•� �y� fib•y�yci�� iz�
yzzy�iy�� fy•� cy�•yciy��iz� cy�•yvy•ziy�,�wi�� zymy�
yvi y�cy� fy•79,89,90� y� � zymy� ygyi�z.91,92� T�iz�
p•yb�ym�•ymyi�z�y�by�•yzy�vy �y� � i�fy•myiy��y��
�y�yffyc�yf�y�y•�g�ycyp•yyi�z�iz�y�i•y�y��ycki�g.�
I�iz��yw�k�yw��f•ym�zu iyz�yf�c�ick9

3�
yn ��umyn94�

RPE� �y� �yzy� cy��z� yxp•yzz� 131� inyg•inz� in� izzuy�
cu�u•y.� Dyzpiy� zymy� yvi y�cy� y� �y� cy�•y•y95�

i�yg•i�z�y�zy�zyym�y�by�p•yzy�� in vivo.96 A�iby y�
b�ycky y� yf� 131� i�yg•i�� yffycz� cyll-zubz•ay� y �y
ziy�94� i�� RPE� cy��z.� Su iyz� yf� ERMz� z�yw� �y�
p•yzy�cy� yf� by�� �y� 131� fymily� y� � (Xv133� i�yg•i�z,�
y� � �y� yu�y•z� zuggyz� �y� fib•y�yci�-cyll� i�y•yc
iy�z� (131)� y•y� impy•y�� i�� �y� yy•�y� zygyz� w�ily�
lymi�i�-cy��� i�y•yciy�z� (131� y� � (33)�my u�yy� y �y
ziy���yy•�i���y��ify�yf��y�zcy•.97�Immu�ycyyc�ymicyl�
zyi�i�g�z�ywz��y�131�fymi�y�yf�i�yg•i�z�bu�ny�133�y•y�
azzyciyy �wi���umy��RPE�cy��z�yfy•��yy�y•y�zyy y �
iny�cy��ygy��my•icyz?9�Muc��wy•k� zi����yy z� y� by�
dy�y�y� ��i�y�iz�yy�k�yw��ybyu�i�yg•in�yxp•yzziy��
in� �•yy- imy�ziy�y��my•icyz� yf� �y� y�y•� cy��� ypyz�
invy�vy � i�� ERM� fy•myiy�,� y��yug�� �y�-yculy•�
fib•yb�yzz�y��yyz,� �iky�RPE,�y�zy�yxp•yzz�131.98�

Wy•k� y�� my icyl� y•� biy�ygicy�� ygy�z�  i•ycy �
agyi�z� y �yziy�� y� �mig•yiy��yf� cy��z� iz� �ycki�g� in�
PVR� •yzyy•c�.� Hywyvy•,� i� iz� y�cyu•ygi�g� �y�
my�yc�y�y�� y�iby iyz� •yizy � ygyi�z� �y� c�yzzicy��
cy��ygy�� ypy� I� •ycypy•,� (X2131� i�yg•in,� zyym�yb�y� y�
in�ibi� cy��ygy��my•ix�cy�•yciy�,99� p•yzumyb�y�by�
an� yffyc� y�� y �yziy�� �y� i�� u•�� cyuzyz� fyi�u•y� yf�
•yciy�y�� z•ucu•i�g.� Hywyvy•,� �iz� •ymyi�z� y� by�
dyy•mi�y .� My•y� wi y-•y�gi�g� y�iby iyz� •yizy �
agyi�z� �y�131� fymily�y�zy� y��y�zymy� thi�g,98�a� �a�
zy��yic�pypi y�(RGDS)� y•ivy �f•ym��y�fib•y�yc
i��bi� i�g� ymyi��i��ibiz��y�yyc�my��yf�RPE�y�
cyl�ygy��ypyz�I�y� �11.

100�T•yymy�z� i•ycy �ygyi�z�
a �yziy�� y� � mig•yiy�� yffy•� impy•y�� •yzyy•c��
avy�uyz�fy•��y�fuu•y�•yymy��yf�PVR.�
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