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ABSTRACT

Synt hesi s of col l agen t ypes I , I I , I I I , and I V i n cel l s f r om t he embr yoni c chi ck

cor nea was st udi ed usi ng speci f i c ant i bodi es and i mmunof l uor escence . Synt hesi s

of r adi oact i vel y l abel ed col l agen t ypes I and I I I was f ol l owed by f l uor ogr aphi c

det ect i on of cyanogen br omi de pept i des on pol yacr yl ami de sl ab gel s and by

car boxymet hyl cel l ul ose chr omat ogr aphy f ol l owed by di sc gel el ect r ophor esi s .

Type I I I col l agen had been det ect ed pr evi ousl y by i ndi r ect i mmunof l uor escence

i n t he cor neal epi t hel i al cel l s at Hambur ger - Hami l t on st ages 20- 30 but not i n t he

st r oma at any age. I nt act cor neas f r om embr yos ol der t han st age 30 cont ai n and

synt hesi ze t ype I col l agen but no det ect abl e t ype I I I col l agen . However , whol e

st r omat a subj ect ed t o col l agenase t r eat ment and scr api ng ( t o r emove epi t hel i um

and endot hel i um) and st r omal f i br obl ast s f r om such cor neas i nocul at ed i n vi t r o

begi n synt hesi s of t ype I I I col l agen wi t hi n a f ew hour s whi l e cont i nui ng t o

synt hesi ze t ype I col l agen . As demonst r at ed by doubl e- ant i body st ai ni ng, most

cor neal f i br obl ast s cont ai n col l agen t ypes I and I I I si mul t aneousl y . Col l agen t ype

I I I was i dent i f i ed bi ochemi cal l y i n cel l l ayer s and medi a af t er chr omat ogr aphy on

car boxymet hyl cel l ul ose by det ect i on of di sul f i de- l i nked al ( I I I ) 3 by SDS gel el ec-

t r ophor esi s .

The condi t i ons under whi ch t he cor neal f i br obl ast s gai n t he abi l i t y t o synt hesi ze

t ype I I I col l agen ar e t he same as t hose under whi ch t hey l ose t he abi l i t y t o

synt hesi ze t he speci f i c pr ot eogl ycan of t he cor nea: t he pr esence of cor neal - t ype

ker at an sul f at e .
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The f act or s t hat nor mal l y cont r ol t he synt hesi s of

t ype I I I col l agen r emai n t o be el uci dat ed . Fi br ous

connect i ve t i ssues gener al l y cont ai n bot h col l agen

t ype I and col l agen t ype I I I , but t he r at i o bet ween

t hem var i es wi t h t he t i ssue : t he medi al l ayer of t he

aor t a cont ai ns, and aor t i c smoot h muscl e cel l s

synt hesi ze, - 70%t ype I I I and ^- 30%t ype 1( 5, 30) ;
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der mi s cont ai ns, and der mal f i br obl ast s synt hesi ze,

- 10- 20% t ype I I I and - 80- 90% t ype I ( 5, 13) ;

t endon cont ai ns most l y t ype I ( 40) wi t h some t ype

I I I , whi ch i s l ocat ed i n t he endot endi neum ( 2) .

Under const ant condi t i ons i n vi t r o, t he r at i o

bet ween col l agen t ypes I and I I I synt hesi zed r e-

mai ns const ant f or many cel l gener at i ons ( 21) .

However , changes i n ser um concent r at i on or cel l

densi t y can al t er t he r at i o, wi t h t he hi ghest pr o-

por t i ons of t ype I I I col l agen bei ng synt hesi zed i n
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l ower ser umconcent r at i ons ( 31) and at hi gher cel l

densi t i es ( 1) t han t hose opt i mal f or t ype I col l agen.

Cor neal st r omat a of many ani mal speci es con-

t ai n most l y t ype I col l agen ( 33) , wi t h per haps some

t ype I I I col l agen ( 36; von der Mar k, unpubl i shed)

and some as yet i ncompl et el y char act er i zed col l a-

gen t ypes ( 15, 25 ; von der Mar k, unpubl i shed) .

Human cor neal f i br obl ast s i n vi t r o synt hesi ze al -

most excl usi vel y t ype I col l agen ( 37) , wi t h some

A- and B- t ype col l agen ( 48) . The chi ck cor nea, on

t he ot her hand, appear s t o be uni que, f or , af t er

Hambur ger - Hami l t on devel opment st age 30, i t

cont ai ns no det ect abl e t ype I I I col l agen ( 38, 39,

44 ; see dat a bel ow) . Bet ween st ages 20 and 30,

ant i bodi es t o t ype I I I col l agen bi nd t o t he cor neal

epi t hel i al cel l s ( 44) but not t o t he pr i mar y st r oma .

Fr omst age 30 onwar d, t he pr i mar y and secondar y

st r oma of t he chi ck cor nea cont ai ns t ype I col l agen

but no t ype I I I . Some t ype 11 col l agen i s

pr esent i n t he ant er i or par t of t he st r oma, pr obabl y

synt hesi zed by t he cor neal epi t hel i um, al t hough

t hi s act i vi t y of t he cor neal epi t hel i um has so f ar

been shown onl y f or st age 26 ( 28) . The r egi on of

t he cor neal st r oma af t er st age 30 t hat i s devoi d of

t ype I I I col l agen i s i dent i cal wi t h t he r egi on t hat

st ai ns met achr omat i cal l y f or sul f at ed gl ycosami -

nogl ycans ( e . g . , ker at an sul f at e) ( 4, 44) . I n t hi s

st udy, we pr esent bi ochemi cal and i mmunol ogi cal

evi dence t hat exposur e of t he cor neal st r oma t o

pr ot eol yt i c enzymes and r el ease of t he f i br obl ast s

f r om t he ext r acel l ul ar mat r i x af f ect t he r egul at i on

of col l agen synt hesi s i n t hat t hey i ni t i at e t ype I I I

col l agen synt hesi s i n vi t r o i n t he cor neal st r oma

f i br obl ast s .

MATERI ALS AND METHODS

Ti ssue I sol at i ons and Label i ng

Whol e cor neas wer e r emoved f r om Whi t e Leghor n chi cken

embr yos at 14- 18 d of i ncubat i on, t r ansf er r ed t o Si mm' s bal anced

sal t sol ut i on ( f or st udy of whol e cor neas) or t o Ca
. z-

and
Mg* z-

f r ee sal i ne Gwi t h 10%( vol / vol ) f et al cal f ser um( f or separ at i on

of cor neal cel l t ypes) , and t r i mmed f r ee of noncor neal t i ssues .

Whol e, t r i mmed cor neas wer e t hen i ncubat ed i n nut r i ent medi um

t hat cont ai ned r adi oact i ve ami noaci ds ( see bel ow) . Al t er nat i vel y,

f or separ at i on of cor neal cel l t ypes ( see r ef er ence 8 f or det ai l s) ,

whol e, t r i mmed cor neas wer e t r eat ed f or 10 mi n wi t h 0. 25%

col l agenase and scr aped t o separ at e t he st r omal mat r i x, whi ch

cont ai ns onl y t he cor neal f i br obl ast s, f r om t he epi t hel i um and

endot hel i um. The scr aped st r omas t hen ei t her wer e r i nsed wi t h

nut r i ent medi umand i ncubat ed di r ect l y wi t h r adi oact i ve ami no

aci ds or wer e di ssoci at ed compl et el y by a second, l onger col l a-

genase t r eat ment ( 30 mi n) . Li ber at ed st r omal f i br obl ast cel l

suspensi ons wer e cent r i f uged, r esuspended i n nut r i ent medi um,

pl at ed i nt o pl ast i c t i ssue cul t ur e Pet r i di shes ( Fal con Labwar e,
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Di v . of Bect on, Di cki nson &Co. , Oxnar d, Cal i f. ) , and i ncubat ed

at 37 ° C. Onl y pr i mar y cul t ur es wer e st udi ed.

The nut r i ent medi umused was ei t her Dul becco' s modi f i cat i on

of Eagl e' s medi um ( l acks pr ol i ne) or Ham' s F- 12 ( cont ai ns

pr ol i ne) . Dul becco' s medi um was used f or l abel i ng whol e,

t r i mmed cor neas; F- 12 medi umwas used f or gr owi ng and l abel -

i ng separ at ed cor neal t i ssues and pr i mar y cel l cul t ur es . Bot h

medi acont ai ned 10%( vol / vol ) f et al cal f ser um, sodi umascor bat e

( 200 pg/ ml ) , peni ci l l i n ( 100 U/ ml ) , and st r ept omyci n sul f at e ( 100

pg/ ml ) . When used f or i sot opi c l abel i ng, t he medi a al so cont ai ned

P- ami nopr opi oni t r i l e f umar at e ( 50 f i g/ ml ) .

Cel l popul at i ons ei t her wer e l abel ed i mmedi at el y ( dur i ng t hei r

f i r st 12 h i n vi t r o; t = 0 l abel i ng) or wer e gr own f or 7- 8 d i n vi t r o

and t hen l abel ed f or a subsequent 24- h per i od. For l abel i ng at t

= 0, t he medi umcont ai ned 100 pCi / ml Of L- [ 2, 3_
3 H( N) I pr ol i ne

( 20- 25 Ci / mM; NEN Chemi cal s GmbH, Dr ei ei chenhai n, W.

Ger many) and 100l i Ci / ml of [ 2- :' HJgl yci ne ( 3- 23 Ci / mM; The

Radi ochemi cal Cent r e Lt d . , Amer sham, Bucki nghamshi r e, Eng-

l and) . For l abel i ng at ot her t i mes, t he medi umcont ai ned 20 pCi /

ml of bot h l abel ed ami no aci ds . At t he end of t he l abel i ng

per i ods, cel l s and l abel i ng medi a wer e separ at ed t o al l ow i ndi -

vi dual anal ysi s and t hen mi xed wi t h an equal vol ume of 2 M

NaCl cont ai ni ng 0 . 1 MTr i s- HCl , pH 7. 5, 0. 05 MEDTA, 0. 002

Mphenyl met hyl sul f onyl f l uor i de, and 0. 002 MN- et hyl mal ei mi de

and st or ed f r ozen at - 70° Cunt i l anal yzed .

At t he end of some l abel i ng per i ods, cel l s i n dupl i cat e, non-

l abel ed di shes wer e suspended wi t h 0. 5%t r ypsi n- 0. 1% EDTA

( 10 mi n, 37° C) . Tot al cel l number s wer e t hen det er mi ned di r ect l y

wi t h a haemocyt omet er count i ng chamber .

I sol at i on of Col l agen Fr act i ons

Except wher e not ed ot her wi se, al l st eps wer e per f or med at 0-

4° C. Car r i er col l agen was onl y added bef or e car boxymet hyl cel -

l ul ose chr omat ogr aphy .

16- D CORNEAS AND AORTAS: Af t er l abel i ng, t r i mmed cor -

neas and aor t as wer e separ at ed f r om t he l abel i ng medi um and

di gest ed wi t h pepsi n ( 0 . 3 mg/ ml i n 0 . 5 Macet i c aci d adj ust ed t o

pH 2 wi t h HCI ; Ser vo GmbH, Hei del ber g, W. Ger many) at 4° C

f or 18 h wi t h st i r r i ng. Sampl es wer e t hen t i t r at ed t o pH 8 wi t h

NaOH and cent r i f uged ( 500 g, 15 mi n, 4° C) . Pel l et s wer e sub-

j ect ed t o cyanogen br omi de ( CNBr ) cl eavage ( see bel ow) . Super -

nat es wer e di al yzed agai nst t hr ee changes of 0 . 02 MNa ; HPO, ,

pH 8. 5, cont ai ni ng 17 . 5%( wt / vol ) KCl t o pr eci pi t at e col l agens

and t hen cent r i f uged ( 12, 000 g, 30 mi n, 4° C) . Super nat es wer e

di scar ded . Pr eci pi t at es wer e r edi ssol ved i n 0 . 5 Macet i c aci d and

di al yzed agai nst t he same sol ut i on.

CELL CULTURES AND TI SSUES FROM 14- D AND I 8- D

CORNEAS AND 9- D AORTAS: Label i ng medi a ( wi t h cel l or

t i ssue r i nses) wer e di al yzed agai nst 0. 15 MNaCl , 0. 025 MEDTA,

0. 05 MTr i s- HCI , pH 7 . 5 ( r adi oi mmunoassay buf f er ) and st or ed

f r ozen unt i l anal yzed . Cel l s al one wer e f i r st di al yzed agai nst

r adi oi mmunoassay buf f er and t hen cent r i f uged ( 12, 000 g, 30 mi n,

4° C) . Super nat es and t he sampl es descr i bed above t hat wer e

der i ved f r om l abel i ng medi a wer e desi gnat ed neut r al sal t - sol ubl e

f r act i ons and wer e st or ed f r ozen . Pel l et s r emai ni ng af t er ext r ac-

t i on of cel l sampl es wer e di gest ed wi t h pepsi n i n t he col d as

descr i bed above, t i t r at ed t o pH 8 wi t h NaOH, and cent r i f uged

( 12, 000 g, I h, 4°C) . These super nat es wer e desi gnat ed pepsi n-

sol ubl e f r act i ons and wer e st or ed f r ozen . The smal l pel l et s r e-

mai ni ng af t er neut r al sal t ext r act i on and pepsi n di gest i on wer e

sol ubi l i zed compl et el y by CNBr cl eavage and wer e desi gnat ed

CNBr - sol ubl e f r act i ons ; t hey cont ai ned mi nor amount s of r adi o-

act i vi t y and wer e not f ur t her anal yzed .



Radi oact i vi t y was det er mi ned by mi xi ng aqueous sampl es,

made up t o 1 ml wi t h 10 ml of Sci nt i gel ( Rot h Chemi e GmbH,

Kar l sr uhe, W. Ger many) or wi t h 10 ml of Bi of l uor ( NEN

Chemi cal s GmbH, Dr ei ei chenhai n, W. Ger many) .

Tot al Col l agen

To appr oxi mat e t he amount of r adi oact i vi t y i ncor por at ed i nt o

t ot al col l agen, al i quot s ( cont ai ni ng l - 2 x 10' 5 cpm) of t he neut r al

sal t - , and pepsi n- sol ubl e f r act i ons wer e hydr ol yzed i n 6 N HCl

at 108° C f or 24 h under a ni t r ogen at mospher e . The hydr ol ysat e

was chr omat ogr aphed on a Beckman M72 i on exchange r esi n

( 0 . 9 x 60 cm) ( Beckman I nst r ument s, I nc . , Ful l er t on, Cal i f )

usi ng a r egul ar ami no aci d anal ysi s pr ogr amwi t hout ni nhydr i n.

The per cent of col l agen synt hesi s, nor mal i zed f or compar i son

wi t h noncol l agenous pr ot ei ns ( 11) , i s cal cul at ed :

Hypr o cpm
x 100

2 x t ot al Pr o cpm- Hypr o cpm

CNBr Cl eavage and El ect r ophor et i c

Separ at i on of Pept i des

The ' H- l abel ed sampl es and appr opr i at e unl abel ed st andar ds

of col l agen t ypes I , 11, and I I I wer e cl eaved wi t h CNBr as

pr evi ousl y descr i bed ( 14, 43) . CNBr - der i ved pept i des wer e sep-

ar at ed and i dent i f i ed by sodi umdodecyl sul f at e- pol yacr yl ami de

gel el ect r ophor esi s ( SDS- PAGE) on sl ab gel s cont ai ni ng 0. 1%

SDSand a gr adi ent of 10- 18%acr yl ami de ( 150 V f or l - 2 h, t hen

250 V f or 3- 4 h) . Gel s wer e st ai ned wi t h Coomassi e Br i l l i ant

Bl ue R- 250, dest ai ned, phot ogr aphed, and t hen pr ocessed f or

f l uor ogr aphy ( 3) .

Car boxymet hyl cel l ul ose Chr omat ogr aphy

Sampl es t hat had been t r eat ed wi t h pepsi n and i nact i vat ed at

pH 8 as descr i bed above wer e di al yzed agai nst 0 . 08 Msodi um

acet at e, pH4. 8, and st or ed f r ozen . Car boxymet hyl cel l ul ose ( CM-

cel l ul ose) chr omat ogr aphy was car r i ed out as pr evi ousl y de-

scr i bed ( 34, 43) . Fr act i ons cont ai ni ng t he f l , 2 and a2 chai ns as

wel l as t he al ( I I I ) and al ( I I I ) 3 chai ns ( 24) wer e pool ed, di al yzed

agai nst 0 . 02 Macet i c aci d, and l yophi l i zed.

SDS- PAGE of a Chai ns

Whol e a chai ns obt ai ned by CM- cel l ul ose chr omat ogr aphy

wer e i dent i f i ed by SDS- PAGE i n 0. 1%SDS on 5%acr yl ami de

t ube gel s ( 0. 5 x 10 cm) cont ai ni ng 0 . 1 Msodi um phosphat e, pH

7. 0, and 0. 5 Mur ea ( 20) i n t he pr esence or absence of 13-

mer capt oet hanol ( 1- 2%) . Af t er el ect r ophor esi s, gel s wer e st ai ned

wi t h Coomassi e Br i l l i ant Bl ue R- 250, dest ai ned, phot ogr aphed,

f r ozen, cut i nt o I . 0- mm sl i ces wi t h a Mi ckl e Gel Sl i cer ( Mi ckl e

Engi neer i ng Co . , Gomshal l , Sur r ey, Engl and) , and pl aced i n

l i qui d- sci nt i l l at i on vi al s cont ai ni ng 10 ml of 3% Pr ot osol and

0. 4% Omni f l uor i n t ol uene ( NEN Chemi cal s GmbH) . Af t er

di gest i on over ni ght at 37° C, t he vi al s wer e cool ed and count ed

di r ect l y ( 26) . Thi s met hod gi ves ' ' H count i ng ef f i ci enci es of 45-

48%r egar dl ess of t he pr esence or absence of a Coomasi e Bl ue-

st ai ned band i n t he gel sl i ce and r el eases as much r adi oact i vi t y

f r om t he gel sl i ces as convent i onal Hs0s met hods.

and ant i body agai nst t ype I I I col l agen was made i n goat s. '

Ant i bodi es speci f i c f or si ngl e col l agen t ypes wer e obt ai ned by

cr oss- absor bi ng ant i ser a on col umns of het er ol ogous col l agen

t ypes f ol l owed by af f i ni t y chr omat ogr aphy on homol ogous col -

l agen t ypes ( 41) .

The speci f i ci t y of t he gui nea pi g ant i bodi es f or t ype I col l agen

and of goat ant i bodi es f or t ype I I I col l agen was demonst r at ed by

passi ve hemaggl ut i nat i on ( 41) and by r adi oi mmunoassay . ' I n

addi t i on, sect i ons of 17- d embr yoni c chi ck cor neas wer e st ai ned

wi t h t he same pr epar at i on of goat ant i bodi es t o t ype I I I col l agen

t hat was used f or t he i mmunof l uor escence st ai ni ng of cor neal

f i br obl ast s i n vi t r o . Fai l ur e of t he cor neal st r oma t o st ai n i ndi -

cat ed t hat t hi s ant i body di d not cr oss- r eact wi t h t ype I col l agen

( Fi g. l ) .

I mmunof l uor escence of Cul t ur ed Cel l s

Cel l cul t ur es gr own on pl ast i c t i ssue cul t ur e di shes wer e r i nsed

t hr ee t i mes wi t h phosphat e- buf f er ed sal i ne, f i xed wi t h 70%

et hanol f or 5 mi n, ext r act ed wi t h et hanol - et her ( 1 : 1, vol / vol ) f or

5 mi n, and ai r - dr i ed ( al l st eps per f or med at r oom t emper at ur e) .

St ai ni ng f or i mmunof l uor escence wi t h ant i bodi es t o col l agen

t ypes I and I I I was t hen per f or med as descr i bed pr evi ousl y ( 12) .

Doubl e st ai ni ng f or col l agen t ypes I and I I I was achi eved by

usi ng r abbi t ant i bodi es t o t ype I I I pr ocol l agen ( 32) ( ki ndl y

pr ovi ded by Dr . R. Ti mpl ) count er st ai ned wi t h r hodami ne- l a-

bel ed goat ant i - r abbi t y- gl obul i n ( Nor di c Phar maceut i cal s, Ti l -

bur g, The Net her l ands) ( 1 : 40 di l ut i on) and gui nea pi g ant i bodi es

t o t ype I col l agen count er st ai ned wi t h f l uor escei n- l abel ed r abbi t

ant i - gui nea pi g y- gl obul i n ( Behr i ngwer ke AG, Mar bur g/ Lahn,

W. Ger many) ( 1 : 20 di l ut i on) , as pr evi ousl y descr i bed ( 43) .

RESULTS

Absence of Type I I I Col l agen i n t he I nt act

Chi ck Cor nea af t er Day 7 of Devel opment

Pr evi ous wor k has demonst r at ed t hat at embr y-

oni c ages ol der t han st age 30 ( - 7 d) , t ype I I I

col l agen can no l onger be det ect ed i n sect i ons of

t he chi ck cor nea by i ndi r ect i mmunof l uor escence

wi t h ant i bodi es t o t ype I I I pr ocol l agen ( 44) . We

conf i r med t hi s on a sect i on of a 17- d embr yoni c

chi ck cor nea by usi ng goat ant i bodi es t o chi ck

t ype I I I col l agen ( Fi g . 1) . The ant i body r eact ed

wi t h mesenchyme f r om l i mbus, f i br ous scl er a, and

ni ct i t at i ng membr ane but not wi t h t he cor neal

st r oma. I t was i mpor t ant t o conf i r m bi ochemi cal l y

t he absence of t ype I I I col l agen .

Whol e, t r i mmed cor neas and aor t as f r om 16- d

embr yos wer e l abel ed f or 24 h wi t h [ 3H] pr ol i ne

and [ 3H] gl yci ne. Aor t a t i ssue i s known t o synt he-

si ze l ar ge amount s of t ype I I I col l agen, and i t was

used her e as a st andar d . Ti ssues wer e di gest ed wi t h

pepsi n, and sol ubi l i zed col l agen was pr eci pi t at ed

wi t h 17%KCl and r edi ssol ved i n 0 . 5 Macet i c aci d

Col l agen Ant i bodi es
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Ant i body agai nst t ype I col l agen was made i n gui nea pi gs ( 41)

	

Mar k. I n pr epar at i on .

CONRAD ET AL. Type I I I Col l agen Synt hesi s by Cor neal Fi br obl ast s 503



FI GURE 1

	

I mmunof l uor escence st ai ni ng of a 17- d em-

br yoni c chi ck cor nea wi t h goat ant i bodi es agai nst chi ck

t ype I I I col l agen; count er st ai ni ng wi t h f l uor escei n- con-

j ugat ed r abbi t ant i - goat y- gl obul i n . Type I I I col l agen i s

pr esent i n t he mesenchyme of t he eyel i d ( L) , ni ct i t at i ng

membr ane ( N) , and f i br ous scl er a ( not shown) but absent

f r omt he cor neal st r oma ( S) and t he epi t hel i um ( E) . The

st r oma cont ai ns t ype I col l agen ( 44) . Bar , 50 Am. x 140 .

as descr i bed i n Mat er i al s and Met hods . Subse-

quent anal ysi s of t hese pepsi n- sol ubl e f r act i ons by

CNBr cl eavage, SDS- PAGE on sl ab gel s, and

f l uor ogr aphy r eveal ed t ype I I I col l agen synt hesi s

by t he aor t a ( pr esence of al [ I I I ] CB5) , but no t ype

I I I col l agen was det ect ed i n t he cor nea by Coo-

massi e Bl ue st ai ni ng or f l uor ogr aphy ( Fi g . 2) .

I ni t i at i on of Type I I I Col l agen Bi osynt hesi s

When Cor neal Fi br obl ast s Al one ar e

I ncubat ed I n Vi t r o

I MMUNOFLUORESCENT STAI NI NG: Cor neal

f i br obl ast s wer e i sol at ed f r om 14- and 18- d em-

br yos, and speci al car e was t aken t o excl ude al l

f i br ous scl er a, a t i ssue pr evi ousl y shown t o cont ai n

t ype I I I col l agen- synt hesi zi ng cel l s ( 44) . Cor neal

f i br obl ast s wer e i nocul at ed i n vi t r o and t hen pr oc-

essed f or i ndi r ect i mmunof l uor escent st ai ni ng wi t h

col l agen ant i bodi es at var i ous t i mes .

Af t er 12- 18 h i n vi t r o, onl y about hal f of t he

cel l s st ai ned i nt r acel l ul ar l y wi t h ant i bodi es t o t ype

I col l agen ( Fi g. 3) , and about hal f t he cel l s st ai ned

wi t h ant i bodi es t o t ype I I I col l agen ( Fi g . 3) .

Af t er 3- 15 d i n vi t r o, al most al l t he f i br obl ast s

st ai ned wi t h bot h t ype I and I I I col l agen ant i bod-

i es . These r esul t s wer e obt ai ned when cel l s i n

separ at e cul t ur es wer e st ai ned wi t h ant i bodi es t o

t ype I col l agen, t ype I I I col l agen, or t ype I I I

pr ocol l agen ( Fi g . 4) , and t hey wer e conf i r med

when ant i bodi es t o t ype I col l agen and t o t ype I I I

pr ocol l agen wer e appl i ed sequent i al l y t o t he same

cel l pr epar at i ons i n t he doubl e- ant i body l ocal i za-
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t i on pr ocedur e descr i bed i n Mat er i al s and Met h-

ods ( Fi g . 5) . At al l t i mes i n vi t r o, t he cor neal

f i br obl ast s wer e unabl e t o bi nd ant i bodi es t o t ype

I I col l agen and wer e negat i ve t o ± i n t hei r abi l i t y

t o bi nd ant i bodi es t o t ype I V col l agen ( dat a not

shown) .

BI OCHEMI CAL I DENTI FI CATI ON OF TYPE

I I I COLLAGEN SYNTHESI S: To conf i r m t he syn-

t hesi s of t ype I I I col l agen by met hods i ndependent

of ant i bodi es, 7- d cul t ur es of cor neal f i br obl ast s

wer e i ncubat ed wi t h [ 3 H] pr ol i ne f or 24 h . The

medi um was di al yzed, di gest ed wi t h pepsi n t o

conver t pr ocol l agen i nt o col l agen and t hen l yoph-

i l i zed . Cel l l ayer s wer e ext r act ed wi t h 1 MNaCl

and di gest ed wi t h pepsi n, as descr i bed i n Mat er i al s

and Met hods .

SDS- PAGE on sl ab gel s of t he l yophi l i zed sam-

pl es r eveal ed t hat most of t he col l agen secr et ed

FI GURE 2

	

SDS- PAGE on gr adi ent sl ab gel s ( 10- 18%

acr yl ami de) of CNBr - der i ved pept i des f r om 3 H- l abel ed

l 6- d embr yoni c chi ck cor nea ( b and c; f and g) and aor t a

( d and e; h and i ) . Commassi e Bl ue st ai ni ng of sampl es i s

seen i n a, b, d, f , and h ; f l uor ogr aphi c det ect i on of

r adi oact i ve bands i n t he same sampl es i s seen i n c, e, g,

and i . ( a) . CNBr pept i de pat t er n of a mi xt ur e of t ype I

and t ype I I I col l agen . Ar r ow i ndi cat es mar ker pept i de

f or t ype I I I col l agen, al ( I I I ) CB5, Commassi e Bl ue. ( b

and c) l 6- d cor nea, pepsi n- sol ubl e col l agen . ( d and e) 16-

d aor t a, pepsi n- sol ubl e col l agen . ( f and g) 16- d cor nea,

pepsi n- i nsol ubl e r esi due . ( h and r ) 16- d aor t a, pepsi n-

i nsol ubl e r esi due .



FI GURE 3 I mmunof l uor escence l ocal i zat i on of i nt r acel l ul ar t ype I col l agen ( a and b) and t ype I I I

col l agen ( c and d) i n cor neal f i br obl ast s f r om l 4- d chi ck embr yos 12 h af t er i nocul at i on i n vi t r o ( t = 0

cel l s) . ( a) Gui nea pi g ant i bodi es t o chi ck t ype I col l agen . ( b) Rabbi t ant i bodi es t o t ype I col l agen. ( c and

d) Goat ant i bodi es t o chi ck t ype I I I col l agen ( same ant i bodi es as used f or st ai ni ng shown i n Fi g . 1) . Cel l s

l abel ed wi t h l ar ge ar r ows cont ai n t ype I I I col l agen; t hose l abel ed wi t h smal l ar r ows ar e negat i ve . Bar , 20
j Lm. x 600 .

i nt o t he medi um i s t ype I col l agen ( Fi g. 6) . Besi des

al ( I ) and a2 chai ns, consi der abl e amount s of B

chai n of t ype V col l agen ar e vi si bl e i n t he f l uor o-

gr am; A chai ns may be hi dden under al ( 1) ( 42) .

The pr esence of Aand B chai ns i n t he cor nea has

been suggest ed i n a st udy by Fr eeman ( 15) .

The pr oduct i on of t ype I I I col l agen i s i ndi cat ed

by t he appear ance of a di sul f i de- l i nked mol ecul e

i n t he y r egi on t hat mi gr at es i n t he posi t i on of

al ( I I I ) ( sl i ght l y f ast er t han al [ I ] ) af t er r educt i on

wi t h a- mer capt oet hanol ( Fi g . 6) . Si mi l ar col l agen

pat t er ns wer e obt ai ned f r om cel l l ayer sampl es

( not shown) .

The quest i on r emai ned open as t o whet her t ype

I I I col l agen synt hesi s i n cor neal f i br obl ast s was

i ni t i at ed by t he di ssoci at i on of t he cor neal mat r i x

and pl at i ng of i sol at ed f i br obl ast s on cul t ur e

di shes, or whet her i t was a consequence of t he

col l agenase t r eat ment r equi r ed f or r emoval of en-

dot hel i um and epi t hel i um and f or di ssoci at i on of

t he st r oma . I n or der t o answer t hi s quest i on and

t o f ur t her el uci dat e condi t i ons cont r ol l i ng synt he-

si s of t ype I I I col l agen, at t empt s wer e made t o

f ol l ow t he onset of t ype I I I col l agen synt hesi s

quant i t at i vel y i n i nt act ( but scr aped) st r omat a t hat

had been exposed f or 10 mi n t o col l agenase but

not di ssoci at ed and i n cel l cul t ur es of f r eshl y i n-

ocul at ed cor neal f i br obl ast s . I nt act cor neal st r o-

mat a f r om 14- d chi ck embr yos f r omwhi ch epi t he-

l i um and endot hel i um had been r emoved and

f r eshl y i nocul at ed cor neal f i br obl ast s wer e l abel ed

wi t h [ 3 H] pr ol i ne and [ 3 H] gl yci ne f or 12 h ; f or

compar i son, 7- d f i br obl ast cul t ur es f r om 14- d and

18- d embr yoni c chi ck cor neas wer e l abel ed wi t h

t he same ami no aci ds, but f or 24 h .

Cel l l ayer s and t i ssues wer e ext r act ed, as de-

scr i bed i n Mat er i al s and Met hods, t o yi el d neut r al

sal t - , pepsi n- , and CNBr - sol ubl e f r act i ons . Cel l

l ayer ext r act s and l abel i ng medi a wer e di al yzed

and al i quot s wer e used f or anal ysi s of 3H- l abel ed
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ami no aci ds and CM- cel l ul ose chr omat ogr aphy .

For CM- cel l ul ose chr omat ogr aphy, neut r al sal t -

sol ubl e f r act i ons wer e al so di gest ed wi t h pepsi n t o

conver t pr ocol l agen t o col l agen . For det ect i on of

t ype I I I col l agen, t he f r act i ons el ut i ng i n t he a2

and 81, 2 r egi ons wer e pool ed, di al yzed, l yophi -

l i zed, and subj ect ed t o SDS- PAGE on t ube gel s

under r educi ng and nonr educi ng condi t i ons . By

t hi s met hod, t ype I I I col l agen was det ect ed as a

y- compound r educi bl e wi t h Q- mer capt oet hanol t o

chai ns of a si ze i n t he t i ssue ext r act of 14- d scr aped

st r omat a ( Fi g. 7 a and b) , i n t he medi um of 7- d

cul t ur es of cor neal f i br obl ast s ( Fi g. 7 c and d) , as

wel l as i n t he cel l l ayer of such cul t ur es ( not

shown) . Thi s mat er i al comi gr at ed wi t h st andar d

t ype I I I col l agen f r om chi ck ski n ( 24) ( Fi g. 7f and

g) and was pr esent i n suf f i ci ent quant i t i es t o be

det ect ed as a Coomassi e Bl ue- st ai ni ng band ( Fi g.

7) as wel l as a r adi oact i ve peak af t er sl i ci ng and

count i ng of t he gel s ( Fi g . 8) . Thi s suggest s t hat

consi der abl e synt hesi s of t ype I I I col l agen i s i ni -
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FI GURE 4 I mmunof l uor escence l ocal i zat i on of i nt r acel l ul ar t ype I col l agen ( a and b) and t ype I I I

col l agen ( c and d) i n cor neal f i br obl ast s f r om 14- d chi ck embr yos 11- 15 d af t er i nocul at i on i n vi t r o . ( a)

Gui nea pi g ant i bodi es t o t ype I col l agen . ( b) Rabbi t ant i bodi es t o t ype I col l agen . ( c) Goat ant i bodi es t o

t ype I I I col l agen ( same ant i bodi es as used f or st ai ni ng shown i n Fi g . 1) . ( d) Rabbi t ant i bodi es t o

pr ocol l agen t ype I I I ( pN al [ 1111) f r om cal f . Bar , 20 Am. x 600 .
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t i at ed i n t he cor neal st r oma i n t i ssue cul t ur e af t er

exposur e t o col l agenase and r emoval of epi t hel i um

and endot hel i um. No t ype I I I col l agen synt hesi s

was obser ved when i nt act , whol e cor nea was l a-

bel ed wi t h [ 3H] pr ol i ne f or 12 h under i dent i cal

condi t i ons . 2

TOTAL COLLAGEN CONTENT OF FRAC-

T I ONs : To al l ow est i mat i on of col l agen cont ent ,

neut r al sal t - , and pepsi n- sol ubl e f r act i ons of t he

sampl es wer e subj ect ed t o ami no aci d anal ysi s and

t he per cent of l abel i ncor por at ed i nt o col l agen was

est i mat ed f r om t he i ncor por at i on i nt o hydr oxypr o-

l i ne and pr ol i ne ( Tabl e I ) . The anal ysi s suggest ed

t hat t he st r omal f i br obl ast s l ef t wi t hi n t he mat r i x

of t he i nt act , scr aped st r omat a synt hesi zed a ver y

hi gh pr opor t i on of col l agen, but t hat , when f i br o-

bl ast s f r om exact l y t he same number of st r omat a

wer e r el eased f r om t he mat r i x by t he f i nal col l a-

genase di ssoci at i on st ep and i nocul at ed i n vi t r o as

z Schel l , A. , and K. von der Mar k . I n pr epar at i on .



FI GURE 5

	

I mmunof l uor escence doubl e- l abel i ng of cor neal f i br obl ast s f r om 14- d chi ck embr yos 8 d ( a

and b) and 15 d ( c and d) af t er i nocul at i on i n vi t r o . ( cf . a wi t h b, and c wi t h d) . ( a and c) Gui nea pi g

ant i bodi es t o t ype I col l agen. ( b and d) Rabbi t ant i bodi es t o pr ocol l agen t ype I I I ( pNal [ I I I ] ) . Most of t he

cel l s pr oduced col l agen t ypes I and I I I si mul t aneousl y ( I + I I I ) ( a and b) . Appr oxi mat el y 10- 20%of t he

cel l s st ai n onl y f or t ype I col l agen ( 1) ( c and d) . No cel l s st ai ned f or t ype I I I col l agen onl y . Bar , 20 p, m.

x 600 .
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FI GURE 6

	

SDS- PAGE of 3H- l abel ed col l agen f r omt he

medi um of 14- d embr yoni c chi ck cor neal f i br obl ast s

af t er 7 d i n cul t ur e ( f l uor ogr aphy) . Cel l s wer e l abel ed

wi t h [ 3 Hl pr ol i ne f or 24 h, and t he medi um was di gest ed

wi t h pepsi n t o conver t pr ocol l agen i nt o col l agen and t o

r emove noncol l agenous pr ot ei ns . Synt hesi s of t ype I I I

col l agen i s evi dent f r om a band mi gr at i ng i n t he posi t i on

of col l agen y chai ns ( b) , whi ch ar e r educi bl e t o a chai n

si ze by mer capt oet hanol ( a) .

conf l uent sat ur at ed l ayer s, t he pr opor t i on of col -

l agen synt hesi zed was dr ast i cal l y r educed ( Tabl e

1) . The t ot al i ncor por at i on was l ower ed onl y

sl i ght l y ( not shown) . The r esul t s al so suggest ed

t hat , i n cor neal f i br obl ast cul t ur es, af t er 7- 8 d,

hi gher pr opor t i ons of l abel ed col l agen ar e f ound

i n t he medi a t han i n cel l l ayer s . Si mi l ar concl u-

si ons wer e dr awn f r om r esul t s obt ai ned by i m-

munopr eci pi t at i on wi t h speci f i c ant i bodi es of l a-

bel ed medi a and cel l l ayer s ( not shown) .

DI SCUSSI ON

Chi ck cor neas nor mal l y do not cont ai n t ype I I I

col l agen but cont ai n an abundance of t ype I col -

l agen . Absence of t ype I I I col l agen has been dem-

onst r at ed pr evi ousl y by t he i nabi l i t y of t ype I I I

pr ocol l agen ant i bodi es t o bi nd t o cor neal cel l s or

st r oma af t er day 7 ( st age 30) ( 44) and, as shown
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her e, by t he i nabi l i t y of t ype I I I col l agen ant i bod-

i es t o bi nd t o t he cor neal cel l s or st r oma and by

t he absence of al ( I I I ) CB5 dur i ng pept i de anal ysi s

of cor neal col l agen on SDS- PAGE sl ab gel s . Our

dat a ar e consi st ent wi t h ear l i er f i ndi ngs. Type I I I

col l agen has not yet been convi nci ngl y demon-

st r at ed i n any ver t ebr at e cor nea . Absence of t ype

I I I col l agen i s st r ongl y suggest ed f r omCNBr pep-

t i de anal ysi s of bovi ne cor neas ( 33) . Schmi t t ' s dat a

( 36) suggest i ng t he pr esence of t ype I I I col l agen i n

bovi ne and cal f cor nea r emai n i nconcl usi ve be-

cause t he nat i ve chai ns wer e not shown t o mi gr at e

as y chai ns nor t o be di sul f i de l i nked, and no

pept i de anal yses wer e pr ovi ded .

Thus, t he cor nea f i br obl ast seems t o be a uni que

and hi ghl y speci al i zed f i br obl ast t ype, f or i t i s t he

FI GURE 7

	

SDS- PAGE on t ube gel s ( 5%acr yl ami de) of

3H- l abel ed t ype I I I col l agens i sol at ed by CM- cel l ul ose

chr omat ogr aphy and of unl abel ed st andar d col l agen

t ypes I and I I I . Fr act i ons cont ai ni ng t he a2 and X31, 2

chai ns of t he car r i er t ype I col l agen wer e pool ed f or t ube

gel el ect r ophor esi s . Gel s wer e st ai ned wi t h Coomassi e

Bl ue, as shown i n t hi s f i gur e, t hen sl i ced and count ed.

The r adi oact i vi t y pat t er ns i n t hese sampl es ar e shown i n

Fi g. 8 . Sampl es a, c, and f wer e not r educed ; sampl es b,

d, e, and g wer e r educed wi t h 2%/ 3- mer capt oet hanol . ( a

and b) 14- d scr aped cor neal st r oma, I = 0, t i ssues. ( c and
d) 18- d cor neal f i br obl ast s, t = 7 d i n vi t r o, nut r i ent

medi um. ( e) St andar d t ype I col l agen . ( f and g) St andar d

t ype I I I col l agen . Reduct i on caused pr ot ei n i n y posi t i on

( a 1[ 11113) t o mi gr at e i n a I posi t i on ( a 111111) . Exper i men-

t al sampl es ( a- d) f r om cor nea show pr ot ei n i n t he y

r egi on, whi ch, af t er r educt i on, mi gr at ed i n t he a I posi -
t i on, t he behavi or expect ed of t ype I I I col l agen .
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FI GURE 8

	

SDS- PAGE on t ube gel s ( 5%acr yl ami de) of

3 H- l abel ed t ype I I I col l agen i sol at ed by CM- cel l ul ose

chr omat ogr aphy by pool i ng mat er i al i n t he a2 r egi on .

Top panel s : 14- d cor neal f i br obl ast s, t = 8 d i n vi t r o,

nut r i ent medi um. Bot t om panel s : 9- d aor t a, t = 0, t i ssue .

Reduced sampl es wer e t r eat ed wi t h 2% f l - mer capt oet h-

anol bef or e el ect r ophor esi s. Nonr educed sampl es wer e

not t r eat ed wi t h ( 3- mer capt oet hanol . Ar r ow, posi t i on of

a 1( I I I ) .

onl y one known so f ar t hat i n vi vo pr oduces t ype

I col l agen but no t ype I I I .

I ni t i at i on of t ype I I I col l agen bi osynt hesi s by

chi ck cor neal f i br obl ast s i nocul at ed i n vi t r o has

been demonst r at ed her e by t he bi ndi ng of t ype I I I

pr ocol l agen and col l agen ant i bodi es t o f i xed cel l s,

by SDS- sl ab gel el ect r ophor esi s and f l uor ogr aphy

of 3 H- l abel ed cor neal f i br obl ast cul t ur es, and by

CM- cel l ul ose chr omat ogr aphy f ol l owed by di sc

gel el ect r ophor esi s of t he r educed and nonr educed

a2 f r act i ons . By i mmunof l uor escence doubl e-

st ai ni ng i t was shown t hat col l agen t ypes I and I I I

ar e pr oduced i n t he same cel l s . The r api d appear -

ance ( wi t hi n 12 h) of t ype I I I col l agen i n vi t r o

suggest s a change i n gene expr essi on of i ndi vi dual

cel l s f r om synt hesi s of t ype I col l agen t o synt hesi s

of col l agen t ypes I and I I I r at her t han t he emer -

gence and over gr owt h of a subpopul at i on of t ype

I I I col l agen- pr oduci ng cor neal cel l s .

The abi l i t y of i ndi vi dual f i br obl ast cel l s t o syn-

t hesi ze col l agen t ypes I and I I I si mul t aneousl y was

f i r st demonst r at ed by Gay et al . ( 16) wi t h human

ski n f i br obl ast s . Si mi l ar , si mul t aneous synt hesi s of

col l agen t ypes I and I I I was obser ved i n monol ayer

cul t ur es of embr yoni c chi ck t endon f i br obl ast s. ' I n

t he l at t er syst em, however , t he number of cel l s

pr oduci ng bot h col l agen t ypes 1 and I I I i ncr eased

wi t h t he number of passages, al t hough t he cul t ur e

was st ar t ed wi t h an al most homogeneous popul a-

t i on of t ype I col l agen- pr oduci ng t endon f i br o-

bl ast s . I n cor neal f i br obl ast cul t ur es, however ,

even 12 h af t er pl at i ng, - 5001o of t he cel l s showed

posi t i ve f l uor escence f or t ype I I I col l agen .

The i nt ensi t y of f l uor escence f ound i nt r acel l u-

l ar l y or ext r acel l ul ar l y does not gi ve any i nf or -

mat i on on t he amount of col l agen t he cel l i s

pr oduci ng. Most of t he col l agen pr oduced i n vi t r o

i s secr et ed as a sol ubl e pr ecur sor ( pr ocol l agen)

i nt o t he medi um( Tabl e I ) . Gol dber g ( 19) det ect ed

t ype I I I col l agen synt hesi s by mouse and human

f i br obl ast s i n vi t r o and not ed t he pr ef er ent i al pr es-

ence of t hi s col l agen t ype i n nut r i ent medi um.

Al t hough Mayne et al . ( 29) , wor ki ng wi t h monkey

aor t i c smoot h muscl e cel l cul t ur es, det ect ed t ype

I I I col l agen onl y i n t he medi um, Wu et al . ( 45) ,

wor ki ng wi t h human ut er i ne smoot h muscl e cel l

cul t ur es, f ound t ype I I I col l agen i n t he cel l l ayer

and i n t he medi um. The r at e of secr et i on of col -

l agen i nt o t he cul t ur e medi um, however , al so de-

pends on f act or s such as cel l densi t y, t i me i n

cul t ur e, ' and pr esence of ascor bat e.

Type I l l col l agen synt hesi s i n cor neal f i br obl ast

cul t ur es may be i ni t i at ed because pr ot eol yt i c en-

zymes ar e used t o di ssoci at e t he t i ssue, because t he

f i br obl ast s encount er st i mul at or y mol ecul es i n vi -

t r o ( e . g. , i n t he f et al cal f ser um) , or because t he

f i br obl ast s ar e r emoved f r om cont act wi t h an i n

vi vo r epr essor .

Tr eat ment of cel l s wi t h pr ot eol yt i c enzymes,

f ol l owed by i nocul at i on i n vi t r o, may cause a

change i n t he pat t er n of pr ot ei ns synt hesi zed by

sever al cel l t ypes. Chondr ocyt es swi t ch f r om t ype

I I t o t ype I col l agen synt hesi s af t er r el ease f r om

t hei r car t i l age mat r i x and gr owt h i n vi t r o ( 35) and

begi n t o pr oduce f i br onect i n, whi ch t hey do not

make i n si t u ( 12) . Chi ck t endon f i br obl ast s, known

t o secr et e onl y t ype I col l agen i mmedi at el y af t er

r el ease f r om t endons ( 40) , begi n synt hesi s of t ype

I I I col l agen when i nocul at ed i n vi t r o . ' I n t he pr es-

ent st udy, evi dence i s gi ven t hat exposur e of cor -

neal t i ssue t o col l agenase al one, wi t hout di ssoci at -

i ng t he st r omal mat r i x, i s suf f i ci ent t o i ni t i at e

synt hesi s of t ype I I I col l agen i n cor neal f i br obl ast s .

The possi bi l i t y exi st s t hat t he change i n t he cel l ul ar

phenot ype may be caused by al t er at i ons of t he cel l

sur f ace as a consequence of pr ot ease act i vi t y .

Recent exper i ment s, however , al so suggest t hat

f act or s pr esent i n f et al cal f ser ummay be i nvol ved

i n r egul at i ng t ype I I I col l agen synt hesi s . Of ei ght

ser um bat ches t est ed, seven al l owed ( or caused)

i ni t i at i on of t ype I I I col l agen synt hesi s i n cor neal

f i br obl ast cul t ur es, al t hough at di f f er ent r at es . I n

one ser um bat ch, however , t ype I I I col l agen syn-

t hesi s was not obser ved, al t hough cel l s gr ew nor -
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TABLE I

Col l agen Synt hesi zed by Cor neal Fi br obl ast s af t er Var i ous Per i ods of Ti me I n Vi t r o

Col l agen synt hesi zed-

Number of d

* Dat a der i ved f r om i ncor por at i on i nt o hydr oxypr ol i ne and pr ol i ne as descr i bed i n Mat er i al s and Met hods .
$ Fi br obl ast s i ncubat ed f or 0 d : i mmedi at el y af t er i sol at i on f r om embr yos, cel l s wer e l abel ed f or 12 h wi t h 100 ACi /

Ml
[ 3H) pr ol i ne and 100 ACi / ml 13H] gl yci ne . Fi br obl ast s i ncubat ed f or 7- 8 d : cel l s wer e subsequent l y l abel ed f or

24 h wi t h 20 pCi / ml of each of t he t wo ami no aci ds .

§ NM, nut r i ent medi um ( l abel i ng medi um) .

11 Scr aped, i nt act st r omat a wer e i ncubat ed i n 6 ml of l abel i ng medi um. Fi br obl ast s f r om di ssoci at ed st r omat a wer e

i nocul at ed i n t wo 60- mm di amet er cul t ur e pl at es ( each cont ai ni ng 3 ml of l abel i ng medi um) . These f i br obl ast s

f or med sat ur at ed, conf l uent l ayer s wi t hi n 2 h .

Fr om 18- d embr yos; al l ot her sampl es f r om l 4- d embr yos.

* * Tot al number of cel l s pool ed f r om f i ve 60- mmdi amet er cul t ur e pl at es l abel ed at sat ur at i on and count ed at t he

end of t he l abel i ng per i od .

mal l y and pr oduced l ar ge amount s of t ype I col -

l agen. '

The col l agen pat t er n of cor nea f i br obl ast s i n

vi vo may be st abi l i zed by i nt er act i ons wi t h ext r a-

cel l ul ar f act or s. At t he moment , i ndi r ect evi dence

suggest s a r epr essor , speci f i cal l y, cor neal ker at an

sul f at e pr ot eogl ycan . Thi s sul f at ed gl ycopr ot ei n

nor mal l y compr i ses over 60%of t he pol ysaccha-

r i de cont ent of t he cor neal st r omal mat r i x and i s

made by t he st r omal f i br obl ast s i n vi vo f r om t he

ear l i est st ages of t hei r mi gr at i on i nt o t he st r oma

( 22, 23) . I ndeed, al t hough maxi mal l evel s of ker -

at an sul f at e bi osynt hesi s ar e r eached by day 9

( st age 35) of chi ck devel opment , hal f - maxi mal

l evel s al r eady ar e pr esent i n t he cor nea by day 7

( st age 30) ( 22) , i . e . , at t he same st age at whi ch t he

cor nea st ops maki ng t ype I I I col l agen ( 44) . I n

vi vo, t he f i br obl ast s make al most al l of t he ker at an

sul f at e of t he cor nea ( 6, 23) , but t hey l ose t hi s

abi l i t y wi t hi n 24- 48 h af t er t hei r i nocul at i on i n

vi t r o ( 6, 7) , a l oss al so seen i n cul t ur ed cor neal

f i br obl ast s f r om ot her ani mal s i ncl udi ng humans

( 9, 10, 17, 18, 27, 46, 47) . Cor neal f i br obl ast s i n

vi t r o may, t her ef or e, be f r ee t o begi n synt hesi s of
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t ype I I I col l agen, f or t hey woul d be l osi ng or

woul d have l ost t hei r abi l i t y t o make ker at an

sul f at e . Thi s f r eedomf r om r epr essi on mi ght even

be exper i enced by f i br obl ast s l ef t i n t he " i nt act , "

scr aped st r oma, f or dur i ng t i ssue di ssoci at i on t he

cor neas ar e t r eat ed wi t h cr ude col l agenases ( con-

t ai ni ng nonspeci f i c pr ot eases) , whi ch pr obabl y

per meat e and begi n degr adi ng t he st r omal mat r i x

even i n scr aped st r omat a . Thus, a var i et y of ext r a-

cel l ul ar mol ecul es, any one of whi ch coul d be t he

nor mal i n vi vo r epr essor , ar e l i kel y t o be degr aded

and ext r act ed dur i ng i ncubat i on of i nt act , scr aped

st r omat a and coul d account f or t hei r st r i ki ng abi l -

i t y t o synt hesi ze t ype I I I col l agen . The f act or s

cont r ol l i ng t he synt hesi s of col l agen t ype I I I by

cor neal f i br obl ast s wi l l be i nt er est i ng t o el uci dat e .

Pr oduct i on of Aand Bcol l agen chai ns does not

seem t o be af f ect ed by t he t r ansf er of cor neal

f i br obl ast s t o t i ssue cul t ur e condi t i ons . A and B

col l agen chai ns have been f ound i n t he i nt act

cor nea ( 15, 25, 48, and f oot not e 2) , and t hey ar e

pr oduced i n vi t r o at a hi gher r at e t han t ype I I I

col l agen . The f unct i on of t hi s col l agen i n t he

cor nea i s st i l l uncl ear .

Sampl e Tot al number of t i ssues or cel l s

i n vi t r o bef or e

l abel i ng$ Cel l s or NM§

Neut r al sal t - sol u-

bl e

11

Pepsi n- sol ubl e

Fi br obl ast s1l 50 scr aped st r o- 0 Cel l s 29. 0 19 . 0

mas ( st r omas NM 13 . 0 -

i nt act )

Fi br obl ast si l 50 scr aped, di sso- 0 Cel l s 1 . 8 2 . 7

ci at ed st r omas NM 3 . 5 -

( cel l s pl at ed)
Fi br obl ast s 32 . 5 x 10' cel l s* * 7 Cel l s 1 . 3 0 . 92

NM 14 . 0 -

Fi br obl ast s 38 . 0 x 10' cel l s* * 7 Cel l s 0. 37 1 . 1

NM 4 . 3 -
Fi br obl ast s 33 . 8 x 10' cel l s* * 8 Cel l s 0. 67 1 . 0

NM 22 . 0 -
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