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We have pr evi ousl y suggest ed t hat sol i d t umor gr owt h i s not cont i nuous, but may be

separ at ed i nt o t wo st ages, avascul ar and vascul ar ( 1, 2) . I n t he avascul ar phase, spher oi dal

t umor s cannot gener al l y exceed a di amet er of 1- 2 mmor a popul at i on of mor e t han 10 8

cel l s ( 3, 4) . Fur t her gr owt h occur s af t er new capi l l ar i es have been el i ci t ed f r om t he host ,

and have penet r at ed t he t umor . Tumor s el i ci t t hese new capi l l ar i es f r om t he host by r e-

l easi ng a di f f usi bl e mat er i al , whi ch we have t er med t umor - angi ogenesi s- f act or ( TAF) ,

whi ch i s mi t ogeni c t o capi l l ar y endot hel i al cel l s ( 5- S) .

Under t he usual condi t i ons of t r anspl ant i ng exper i ment al t umor s, t he avascul ar phase

i s br i ef ; i . e . 3- 5 days ( 5) . However , under speci al condi t i ons, t he avascul ar phase can be

pr ol onged and t umor s t hen become dor mant . For exampl e, when t umor s ar e suspended i n

t he ant er i or chamber of t he r abbi t eye, new vessel s cannot r each t hem, and t he t umor s

st op gr owi ng at about 1 mmdi amet er , al t hough t hey r emai n vi abl e ' ( 3) .

We have suggest ed t hat i f a means coul d be f ound t o i nhi bi t TAF, or bl ock i t s

st i mul at or y ef f ect upon capi l l ar i es, t umor s mi ght be hel d i n t he avascul ar phase

( 9, 10) . We now show t hat car t i l age f r om newbor n r abbi t s st r ongl y i nhi bi t s

capi l l ar y pr ol i f er at i on i nduced by t umor s . The dat a suggest s t hat t hi s i nhi bi t i on

may be medi at ed by a di f f usi bl e f act or , t her eby pr event i ng t hese t umor s f r om

pr ogr essi ng t o t he vascul ar phase .

Thi s phenomenon was demonst r at ed i n t he r abbi t cor nea and addi t i onal suppor t i ve exper i ment s wer e

car r i ed out i n t he chor i oal l ant oi c membr ane ( CAM) of t he chi ck embr yo . I n t he r abbi t , V2 car ci noma

was i mpl ant ed i n a cor neal pocket , and a t i ny pi ece of car t i l age was pl aced bet ween t he t umor and t he

l i mbal edge of t he cor nea . Appr opr i at e cont r ol t i ssues wer e subst i t ut ed f or t he car t i l age i n t he eyes of

ot her r abbi t s . I n t he chi ck embr yo, t umor i mpl ant s or cr ude f r act i ons of TAF wer e pl aced on t he

CAM, and car t i l age was i mpl ant ed near by .

CORNEAL I MPLANTS

By HENRY BREM AND JUDAH FOLKMANt

Mat er i al s and Met hods

Car t i l age .

	

70 neonat al r abbi t s wer e used i n t hi s st udy t o obt ai n car t i l age f or 113 i mpl ant at i ons

i nt o t he r abbi t cor nea. New Zeal and whi t e r abbi t s wer e ki l l ed on t he day of bi r t h by cer vi cal di sl oca-

* Suppor t ed by gr ant s CA- 14019 f r om t he Nat i onal Cancer I nst i t ut e, DT- 2A f r om t he Amer i can

Cancer Soci et y, and a gi f t f r om t he Al za Cor por at i on .

f Wi t h t he t echni cal assi st ance of Kennet h Tyl er .

' Abbr evi at i ons used i n t hi s paper : CAM, chor i oal l ant oi c membr ane ; TAF, t umor - angi ogenesi s-

f act or .
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t i on . The ski n was washed i n a sol ut i on of di st i l l ed wat er cont ai ni ng 0. 1%( wt / vol ) hexachl or ophene,

70%i sopr opyl al cohol , and 0. 1% eosi n Y dye and al l owed t o dr y. Bot h scapul ae wer e r emoved by

asept i c t echni que and pl aced i n Ri nger ' s sol ut i on . Connect i ve t i ssue and br own f at wer e di ssect ed

f r om t he car t i l ages . The pr ot r udi ng t i p of car t i l age ( 4 x 2 mm) f ar t hest f r om t he bone was used f or

i mpl ant at i on ( Fi g . 1) . Thi s por t i on of car t i l age was cut i nt o smal l er pi eces, appr oxi mat el y 1 . 0 x 1 . 5

mm, wi t h a scal pel . As a cont r ol , some of t hese car t i l age f r agment s wer e l yophi l i zed f or 2 days, boi l ed

f or 10 mi n i n di st i l l ed wat er , and t hen r econst i t ut ed i n Ri nger ' s sol ut i on f or at l east 30 mi n at r oom

t emper at ur e bef or e i mpl ant at i on . Af t er r econst i t ut i on t hese car t i l ages had a consi st ency si mi l ar t o

unt r eat ed car t i l age .

Neonat al Cor nea . As an addi t i onal cont r ol , pi eces of cor nea wer e r emoved f r om t he same

neonat al r abbi t s t hat donat ed t he car t i l age . The cor nea was exci sed f r om t he l i mbal edge wi t h a

scal pel . Each cor nea, whi ch was appr oxi mat el y 1. 2 mmi n di amet er , was t hen used di r ect l y as an

i mpl ant i nst ead of car t i l age . 13 cor neas wer e used .

Neonat al Bone .

	

Fr agment s of neonat al scapul ar bone ( 1 x 1. 5 mm) wer e i mpl ant ed i nt o t wo

r abbi t cor neas .

Tumor .

	

A st ock of V2 r abbi t car ci noma was mai nt ai ned by ser i al i nt r amuscul ar and subcut ane-

ous i nj ect i on i n adul t NZWr abbi t s . Tumor s wer e har vest ed bef or e t hey r eached 2 cm di amet er .

Nonnecr ot i c, wel l - vascul ar i zed por t i ons of gr owi ng t umor s wer e exci sed asept i cal l y and cut i nt o 1 . 5 x

1. 5 mmpi eces i n Ri nger ' s sol ut i on and i mpl ant ed i nt o t he cor nea wi t hi n 1 h.

I nt r acor neal Gr af t i ng Techni que .

	

Mal e NZWr abbi t s wei ghi ng 4- 5 l bs wer e anest het i zed wi t h

i nt r avenous pent obar bi t al ( 25 mg/ kg) and 2%xyl ocai ne sol ut i on was appl i ed t o t he cor nea . The eye

was pr opt osed and r i nsed i nt er mi t t ent l y wi t h Ri nger ' s sol ut i on t o pr event dr yi ng. The adul t r abbi t

cor nea has a di amet er of appr oxi mat el y 12 mm. An i nt r aconeal pocket was made by a t echni que t hat

we have pr evi ousl y descr i bed ( 11) . Br i ef l y, an i nci si on appr oxi mat el y 0. 15 mmdeep and 1. 5 mml ong

was made i n t he cent er of t he cor nea wi t h a no. 11 scal pel bl ade, usi ng asept i c t echni que. A5 mm- l ong

pocket was f or med wi t hi n t he cor neal st r oma by i nser t i ng a 1. 5 mmwi de, mal l eabl e i r i s spat ul a . I n

t he maj or i t y of ani mal s, t he end of t he cor neal pocket was ext ended t o wi t hi n 1 mmof t he

cor neal - scl er al j unct i on . I n a smal l er ser i es of 22 r abbi t s i mpl ant ed wi t h t umor al one, pocket s wer e

pl aced at gr eat er di st ances- 2- 6 mmf r om t he cor neal - scl er al j unct i on- by st ar t i ng t he i nci si on away

f r om t he cent er .

Pi eces of car t i l age or appr opr i at e cont r ol s wer e i mpl ant ed f i r st i n t he di st al end of t he pocket . The

t umor was t hen i mpl ant ed i n t he pocket j ust behi nd t he car t i l age, as i n Fi g. 3 . The i mpl ant s al ways

r emai ned i n t hei r or i gi nal posi t i on and t he i nt r acor neal pocket s seal ed spont aneousl y . The i mpl ant a-

t i on pr ocedur e l ast ed 5- 10 mi n. Thr ee r abbi t s wi t h V2 car ci noma and car t i l age devel oped an eye

i nf ect i on and wer e t her ef or e sacr i f i ced dur i ng t he f i r st week and not i ncl uded i n t hi s st udy.

St er eo mi cr oscopi c Obser vat i ons .

	

Each cor nea was exami ned ever y ot her day wi t h t he ai d of a

Zei ss sl i t - l amp st er eomi cr oscope at 6- 40 x magni f i cant i on ( Car l Zei ss, I nc . , NewYor k) . The r abbi t s

wer e not anest het i zed . Measur ement s of t he gr owt h r at e of new vessel s and t umor di amet er wer e

made wi t h an ocul ar mi cr omet er at 10 x magni f i cat i on ( measur ement accur acy t 0. 1 mm) . Dur i ng

each obser vat i on t he f ol l owi ng measur ement s wer e made : t ot al number of vessel s i n t he cor nea,

maxi mum vessel l engt h, aver age vessel l engt h, di st ance bet ween car t i l age and near est vessel ,

di st ance bet ween t umor and near est vessel , di st ance bet ween t umor edge and l i mbus, and t umor si ze

( l engt h and wi dt h) . Al t hough t he car t i l age- t o- l i mbus di st ance and car t i l age si ze r emai ned const ant ,

t hey wer e r ecor ded at each obser vat i on t o conf i r maccur acy . Mor e t han 36, 000 measur ement s wer e

made over a per i od of 1 yr . Col or phot ogr aphs wer e t aken t o document maj or changes .

Vascul ar I nj ect i ons wi t h Col l oi dal Car bon .

	

Bef or e sacr i f i ce, r abbi t s wer e anest het i zed and gi ven

i nj ect i ons of col l oi dal car bon ( Gunt her - Wagner , Pel i kan i nk, Hanover , Ger many) t hr ough bot h

car ot i d ar t er i es by a t echni que pr evi ousl y descr i bed ( 5) . The car bon compl et el y f i l l ed new vessel s

wi t hi n t he cor nea .

Hi st ol ogy .

	

Rabbi t s wer e sacr i f i ced, and t he ent i r e cor nea was exci sed wi t h i t s at t ached scl er a .

Those speci mens cont ai ni ng col l oi dal car bon wer e phot ogr aphed i mmedi at el y . Al l speci mens wer e

i mmer sed i n 10%buf f er ed f or mal i n . Par af f i n sect i ons wer e st ai ned wi t h hemat oxyl i n and eosi n .

CAMI MPLANTS

The CAMof 7- day ol d, embr yonat ed whi t e Leghor n eggs wer e exposed by usi ng t he f al se ai r sac

t echni que ( 12) . Af i el d of neovascul ar i zat i on was pr oduced by i mpl ant i ng 1- mm f r agment s of Wal ker



car ci nosar coma on 8- day ol d CAMi n 39 eggs . I n 11 eggs, a cr ude pr epar at i on of TAF was used t o

i nduce neovascul ar i zat i on . Thi s was der i ved f r om Wal ker car ci nosar coma cel l s i n cul t ur e, as

pr evi ousl y descr i bed ( 1) . Appr oxi mat el y 30 kg of pr ot ei n cont ai ni ng TAF act i vi t y wer e pl aced on a

pi ece of Mi l l i por e f i l t er whi ch was t hen i mpl ant ed on t he CAM ( Fi g . 7) . Neonat al car t i l age was

i mpl ant ed 1- 2 mmf r om t he sour ce of neovascul ar i zat i on . I n 11 eggs Wal ker t umor and boi l ed

car t i l age wer e i mpl ant ed i n a si mi l ar manner .

Cont r ol exper i ment s wer e car r i ed out i n 71 eggs . Neonat al car t i l age and l yophi l i zed boi l ed

car t i l age wer e pl aced al one on t he CAM.
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Resul t s

Tumor Al one.

	

V2 car ci noma al one was i mpl ant ed i nt o 39 cor neas . I n ever y

case, t he t umor gr ew sl owl y as a t hi n i nt r acor neal pl at e and r emai ned avascul ar

unt i l one edge gr ew wi t hi n 2 . 5 zi z 0 . 5 mmof t he l i mbus ( Fi g . 3) . At t hat poi nt

pr e- exi st i ng vessel s i n t he l i mbus began t o pr ol i f er at e . Newcapi l l ar i es began t o

gr ow i nt o t he avascul ar cor nea t owar d t he t umor i n 2- 5 days . By t he end of t he

f i r st week, up t o 30 new capi l l ar i es wer e advanci ng t owar d t he t umor . The i ni t i al

gr owt h r at e of t he new capi l l ar i es aver aged 0. 22 f 0. 12 mm/ day, but by t he

second week t he r at e had i ncr eased t o 0. 48 zi z 0 . 16 mm/ day ( Tabl e I ) . Wi t hi n 3 wk

af t er t he onset of neovascul ar i zat i on, al l of t he t umor s wer e l ar ge, exophyt i c

masses, gr eat er t han 1 cm i n di amet er , whi ch envel oped t he ent i r e eye ( Fi g . 2 F) .

At t hi s t i me t he capi l l ar i es wer e gr owi ng at a r at e of 0. 61 : 1: 0. 14 mmper day . Al l

of t hese t umor s became vascul ar i zed and none r egr essed ( Tabl e I I ) .

Tumor Wi t h Neonat al Car t i l age .

	

Neonat al car t i l age was i mpl ant ed bet ween

t he V2 car ci noma and t he l i mbus of t he eye i n 53 cor neas . The i ni t i al

t umor - l i mbal di st ances wer e si mi l ar t o t hose i mpl ant ed wi t h t umor al one . The

t i me of onset of neovascul ar i zat i on was si mi l ar t o t hat i n t he cor neas cont ai ni ng

onl y t umor . The f i r st di f f er ence i n cor neas cont ai ni ng car t i l age was obser ved by

t he end of t he f i r st week : t he densi t y of vessel gr owt h was l ess ; onl y appr oxi -

mat el y f i ve new capi l l ar i es wer e obser ved t o be advanci ng t owar d t he t umor . By

t he second week, anot her maj or di f f er ence was obser ved : as t he vessel t i ps gr ew

cl oser t o t he car t i l age, vessel gr owt h di mi ni shed ( Fi g . 2) . The capi l l ar i es gr ew

ver y sl owl y, aver agi ng onl y 0. 12 : L 0. 16 mm/ day ( Fi g . 4, Tabl e I ) . I n some

cor neas, t he vessel s st opped advanci ng and act ual l y r egr essed ; i n ot her s t he

vessel t i ps appear ed t o f or m cl over - l eaf pat t er ns, wi t h osci l l at i ng movement s . I n

st i l l ot her s, vessel s advanced sl owl y, so t hat t he aver age gr owt h r at e of al l vessel s

r emai ned at 0. 18 mm/ day or l ess ( Tabl e 1, Fi g . 4) .

I n 53 cor neas cont ai ni ng t umor wi t h car t i l age, 15 t umor s f ai l ed t o vascul ar i ze

dur i ng t he 5- 16 wk of obser vat i on ( Tabl e I I ) . These nonvascul ar i zed t umor s ap-

FI G. 1 .

	

Neonat al r abbi t scapul a . Shaded ar ea cont ai ni ng ( * ) i ndi cat es zone of car t i l age used

i n t hi s st udy .
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FI G. 2 . Repr esent at i ve cor neas af t er i mpl ant at i on of t umor wi t h act i ve car t i l age or wi t h

boi l ed car t i l age . Thi s di agr am i s dr awn t o scal e by t r aci ng col or phot ogr aphs of t he act ual

speci mens . The di amet er of t he cor nea i s 12 mm. When car t i l age i s i mpl ant ed wi t h t umor , t he

vessel s ar e i nhi bi t ed f r om r eachi ng t he t umor ( A, B, C) . Wi t h i nact i ve car t i l age, t he vessel s

ent er t he t umor by t he 15t h day and r api d t umor gr owt h f ol l ows ( E) , l eadi ng t o a l ar ge exophyt i c

mass ( F) . Asi mi l ar r esul t ( D, E, F) i s obt ai ned when t he boi l ed car t i l age i s r epl aced by neonat al

cor nea or when t umor al one i s i mpl ant ed.
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Cor neal i mpl ant

V2 car ci noma + car t i l age

V2 car ci noma + boi l ed car t i l age

V2 car ci noma +neonat al cor nea

V2 car ci noma

I NHI BI TI ON OF TUMORANGI OGENESI S

TABLE 11

Pr event i on of t he Vascul ar Phase of V2 Car ci noma

No . of

	

No . r emai ni ng

	

%r emai ni ng

t umor s avascul ar avascul ar

E

0

FI G. 3 .

	

I nhi bi t i on of capi l l ar y gr owt h by car t i l age . I n t he upper gr aph t he maxi mumcapi l l ar y

l engt h at any gi ven t i me i s t he same i n t he cor neas i mpl ant ed wi t h boi l ed car t i l age, neonat al

cor nea or wi t h no added t i ssue . The l ower gr aph demonst r at es t he i nhi bi t i on of capi l l ar y

gr owt h when act i ve car t i l age i s i mpl ant ed wi t h t umor . Ther e ar e t wo pat t er ns of r esponse t o

car t i l age r epr esent ed by t hese t wo t ypi cal cases . I n bot h cases t her e i s si gni f i cant i nhi bi t i on

of capi l l ar y gr owt h f or at l east 40 days . Event ual l y 72%of t he t umor s escape t he car t i l age

i nhi bi t i on and ent er t he r api d vascul ar gr owt h phase . I n 28% of t he exper i ment s, al t hough

vessel s wer e pr esent i n t he cor nea, t he t umor s r emai ned avascul ar and appear ed t o be r ej ect ed .

pear ed t o under go i mmunol ogi cal r ej ect i on . Our i mpr essi on of i mmunol ogi c

r ej ect i on was suppor t ed by hi st ol ogi c sect i ons ( Fi g . 5) of cor neas f r om t wo

ani mal s, and by r e- chal l enge wi t h f r esh V2 car ci noma i n t hr ee ani mal s . The V2

r e- chal l enge was i mpl ant ed ei t her i n t he opposi t e sect or of t he cor nea, or

i nt r amuscul ar l y, and t he t umor was t hen r api dl y r ej ect ed . We have mai nt ai ned

t he V2 car ci noma f or over 4 yr i n our l abor at or y and i n t hat t i me i t has never

r egr essed spont aneousl y when i mpl ant ed i nt r amuscul ar l y or i nt r acor neal l y .

The r emai ni ng 38 t umor s i mpl ant ed i nt r acor neal l y t oget her wi t h car t i l age
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FI G. 4 .

	

Rat e of capi l l ar y gr owt h wi t h and wi t hout car t i l age . Not e t hat some vessel s exposed t o

car t i l age act ual l y r egr essed at t he 4t h t o 10t h wk .

event ual l y became vascul ar i zed, al t hough t hi s was del ayed by an aver age of 3 wk

compar ed t o cont r ol s . Thi s vascul ar i zat i on r esul t ed f r omt he st eady gr owt h of t he

t umor pl at e i n t wo di mensi ons wi t hi n t he cor neal l amel l ae . Vessel s wer e t hen

el i ci t ed at si t es of t he l i mbus r emot e f r om t he car t i l age. Once t he t umor was

vascul ar i zed, r api d exponent i al gr owt h ensued, and t he car t i l age was compl et el y

cover ed by t umor ( Fi g . 6) .

Tumor Wi t h Boi l ed Car t i l age . I n al l seven cor neas t hat cont ai ned l yophi -

l i zed- boi l ed car t i l age and i mpl ant s of V2 car ci noma, t her e was no suppr essi on of

capi l l ar y pr ol i f er at i on : t umor vascul ar i zat i on pr oceeded at t he same r api d r at e as

when t umor al one was i mpl ant ed ( Fi g . 2, 3 ; Tabl e I ) .

Tumor Wi t h Neonat al Cor nea . Pi eces of neonat al r abbi t cor nea wer e

i mpl ant ed wi t h V2 car ci noma i n 13 cor neal pocket s . The neonat al cor nea ser ved

as anot her cont r ol of an avascul ar , vi abl e t i ssue occupyi ng t he same space i n t he

t umor pocket as woul d be occupi ed by car t i l age . I n al l cases t her e was nor mal

t umor neovascul ar i zat i on ; vessel s gr ew at t he same r api d r at e as when t umor

al one was i mpl ant ed ( Fi g . 3, Tabl e I ) . Al l t umor s gr ew r api dl y af t er vascul ar i za-

t i on and became exophyt i c ( Tabl e I I ) .

Neonat al Car t i l age Al one. Neonat al car t i l age was i mpl ant ed al one i n 38

cor neal pocket s . When t he pr ot r udi ng t i p of car t i l age most di st al f r om t he bone

was used, t her e was no r eact i on i n t he cor nea i n 14 out of 20 i mpl ant s . However ,

when sect i ons of car t i l age cont i guous t o bone wer e used, 11 out of 18 i mpl ant s

i nduced a si gni f i cant vascul ar r esponse of 1 mml ong capi l l ar i es whi ch advanced

t o t he edge of t he pocket . For t hi s r eason, t he t i p of car t i l age f ar t hest f r om t he

bone was used i n al l exper i ment s wher e car t i l age was combi ned wi t h t umor ( Fi g.

1) .

Neonat al Bone Al one.

	

Bone f r om t he neonat al r abbi t scapul a was i mpl ant ed

i n t wo cor neal pocket s, and i n bot h cases t her e was a si gni f i cant vascul ar r e-

sponse . New capi l l ar i es gr ew a di st ance of 1 mmt o r each t he edge of t he cor neal

pocket .

Hi st ol ogy .

	

Sect i ons t hr ough cor neas cont ai ni ng car t i l age al one showed t hat
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Fi G. 5 .

	

( a) Vessel s ( ar r ows) st i mul at ed f r om l i mbus ( L) ar e ant er i or t o car t i l age ( C) appr oach-

i ng V2 car ci noma ( T) whi ch was i mpl ant ed 2 mmf r om t he l i mbus . Hemat oxyl i n & eosi n ; x 20 .

( b) Hi gher magni f i cat i on ( x 160) of ar ea of i nt ense per i vascul ar i nf i l t r at e i dent i f i ed by

ar r ows i n ( a) . ( c) Hi gher magni f i cat i on ( x 640) of i nf i l t r at e seen i n ( b) . Not e conspi cuous

pl asma cel l s . ( d) Hi gher magni f i cat i on ( x 250) of t umor ( T) f r om ( a) .

t he car t i l age appear ed vi abl e t hr oughout t he dur at i on of t he exper i ment . The

l acunae cont ai ned cel l s wi t h heal t hy nucl ei . The car t i l age di d not el i ci t an

i nf l ammat or y r eact i on . Tumor s al one, i n t he avascul ar phase, gr ew as a pl at e

wi t h heal t hy appear i ng cel l s, si mi l ar t o t he gr owt h pat t er n pr evi ousl y r epor t ed

( 11) . When t he t umor s wer e vascul ar i zed, t hey gr ew i nt o l ar ge, nodul ar masses,
occasi onal l y wi t h cent r al necr osi s .

When t umor s wer e combi ned wi t h car t i l age, bot h t i ssues gr ew i n cont act wi t h

each ot her and t her e was no evi dence t hat ei t her t i ssue i nhi bi t ed or dest r oyed t he

ot her ( Fi g . 6) . Avascul ar t umor s di d not i nvade t he car t i l age .

I n t hose t umor s t hat f ai l ed t o vascul ar i ze or r egr essed ( Fi g . 5 a) , t he st r i ki ng

f i ndi ngs wer e : ( a) A band of bl ood vessel s ant er i or t o t he car t i l age appr oached
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FI G. 6.

	

Sagi t t al sect i on of cor nea cont ai ni ng vascul ar i zed V2 car ci noma ( ' 11 and car t i l age ( C) ,

60 days af t er i mpl ant at i on . Al t hough car t i l age i nhi bi t ed neovascul ar i zat i on f or over 40 days,

once t he t umor became vascul ar i zed, i t gr ew r api dl y i nt o an exophyt i c mass cover i ng t he

cor nea . Even when vascul ar i zed, t he t umor di d not dest r oy t he car t i l age . L = l i mbus .

Hemat oxyl i n &eosi n x 19 .

t he t umor pl at e . ( b) Near t he t umor pl at e, t hese vessel s exhi bi t ed i nt ense per i -

vascul ar mononucl ear i nf i l t r at e wi t h conspi cuous pl asma cel l s ( Fi g . 5 b) . ( c) The
t umor pl at e showed f oci of neut r ophi l i c i nf i l t r at e and necr osi s, wi t h i sl ands of
st i l l vi abl e t umor ( Fi g . 5 d) . ( d) The per i vascul ar i nf i l t r at e, l ocat ed away f r om
t he car t i l age, was sur r ounded by an ar ea of condensat i on of t he st r omal cel l s of
t he cor nea ( Fi g . 5 c) . I n t hese sect i ons, t he car t i l age l ooked heal t hy t hr oughout
and was not associ at ed wi t h any i nf l ammat or y r eact i on .

CHORI OALLANTOI C MEMBRANE I MPLANTS

When f r esh neonat al car t i l age was i mpl ant ed wi t h Wal ker car ci nosar coma as a
neovascul ar i zi ng sour ce, 23 out of 28 membr anes showed an avascul ar zone of 1- 2

mmdi amet er ar ound t he car t i l age ( Fi g . 7) . A si mi l ar zone was obser ved i n 9 out

of 11 membr anes when car t i l age was i mpl ant ed wi t h TAF f r act i ons . When
car t i l age al one was i mpl ant ed, 50 out of 56 i mpl ant s r emai ned unvascul ar i zed

and f r ee of vessel s . However , when boi l ed car t i l age al one was i mpl ant ed, i t

became compl et el y cover ed by vessel s f r om t he CAMi n 13 out of 15 i mpl ant s .

Ther e was no zone of i nhi bi t i on i n al l 11 CAM' s i mpl ant ed wi t h a neovascul ar i z-
i ng sour ce and boi l ed car t i l age .

Di scussi on

These exper i ment s show t hat car t i l age i nhi bi t s capi l l ar y pr ol i f er at i on i nduced by

t umor . Thi s i nhi bi t or y ef f ect appear s t o oper at e over shor t di st ances of up t o 2. 0

mm, and di spl ays a gr adi ent f r om car t i l age sour ce t o t he l i mbal edge of t he
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Fi G. 7 . Di agr am of exper i ment i n whi ch TAF gr anul es ( ci r cl e i n cent er ) and a car t i l age,
f r agment ( on r i ght si de) wer e i mpl ant ed on CAM. The neovascul ar i zat i on pr oduced by TAF
was i nhi bi t ed i n t he zone sur r oundi ng t he car t i l age .

cor nea . The hi ghest concent r at i on of t he i nhi bi t or seems t o be cl osest t o t he

car t i l age because t he gr owt h r at e of pr ol i f er at i ng capi l l ar i es sl ows as t he

capi l l ar i es appr oach t he car t i l age . Thi s happens even t hough t he advanci ng

capi l l ar y t i ps ar e i n pr oxi mi t y t o t he t umor i mpl ant ed j ust beyond t he car t i l age .

The i nhi bi t or appear s t o be cont i nuousl y pr oduced by t he car t i l age, because t he

i nhi bi t or y ef f ect on capi l l ar y gr owt h l ast ed t hr oughout t he l ongest obser vat i on

per i od ; i . e . 4 mo, at whi ch t i me t he car t i l age appear ed vi abl e by hi st ol ogy . Boi l ed

neonat al car t i l age and f r esh neonat al cor nea l ack t he capaci t y t o i nhi bi t capi l l ar y

pr ol i f er at i on,

The car t i l age i mpl ant del ayed t umor vascul ar i zat i on i n al l cases, and pr event ed

vascul ar i zat i on compl et el y i n 28% of t umor s, but t he r emai ni ng t umor s di d event ual l y

become vascul ar i zed. One expl anat i on f or t hi s i s t hat t he gr owi ng t umor pl at e act s as a

sour ce of i ncr easi ng concent r at i on of TAF, whi l e t he nongr owi ng car t i l age becomes a
sour ce of a f i xed concent r at i on of i nhi bi t or of capi l l ar y gr owt h . Event ual l y, t he TAF
di f f usi ng t hr ough t he cor nea woul d r each a l evel suf f i ci ent t o over r i de t he i nhi bi t or ef f ect .

Al so, because avascul ar t umor s i n t he cor nea gener al l y gr ow i n t wo di mensi ons bet ween

t he cor neal l amel l ae, t he t umor can gr ow away f r om t he smal l zone of i nhi bi t i on ar ound
t he car t i l age, and i nduce vessel gr owt h f r om a r emot e r egi on of l i mbus .

These exper i ment s suggest t hat t he car t i l age i nhi bi t or does not ant agoni ze TAR I t
appar ent l y i nhi bi t s capi l l ar y pr ol i f er at i on i n a mor e di r ect way . I f TAF wer e i nhi bi t ed, i t s

act i vi t y shoul d be di mi ni shed i mmedi at el y upon r el ease f r om t he t umor , and t he onset of

neovascul ar i zat i on shoul d be gr eat l y del ayed . Ther e was no si gni f i cant di f f er ence, how-
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ever , i n t he f i r st appear ance of vessel s bet ween t umor i mpl ant ed wi t h boi l ed car t i l age and

t umor i mpl ant ed wi t h vi abl e car t i l age .

We have i sol at ed an ext r act of t he act i ve car t i l age t hat can i nhi bi t capi l l ar y

pr ol i f er at i on i nduced by t umor s . The car t i l age was mi nced i nt o a sol ut i on of

l act at ed Ri nger ' s wi t h 28 mMHepes buf f er , adj ust ed t o pH7. 4 wi t h NaOH, and

t hen r ocked gent l y at 4° C f or 8 h. The car t i l age cel l s and debr i s wer e t hen cen-

t r i f uged at 4, 000 g f or 1 h and t he super nat e di al yzed exhaust i vel y agai nst di s-

t i l l ed wat er f or 2 days and t hen l yophi l i zed . Thi s ext r act has pr oduced a zone of

capi l l ar y i nhi bi t i on i n 28 out of 31 cases on t he CAM when i mpl ant ed wi t h

Wal ker car ci nosar coma or TAF. Wor k i s i n pr ogr ess on t hi s i nhi bi t or y f act or ' s

ef f ect i n t he cor nea and on t he char act er i zat i on of t he act i ve f r act i on .

Mat ur e car t i l age i s r el at i vel y avascul ar t i ssue t hat cont ai ns ver y f ew cel l s and

consi st s al most ent i r el y of an ext r acel l ul ar mat r i x composed of wat er , col l agen,

and pr ot ei n pol ysacchar i de compl exes ( 13) . I t has not been est abl i shed whet her

t he avascul ar i t y of car t i l age i s due t o a physi cal or chemi cal bl ock ( 14) . I n mi ce,

car ci nomas i nduced i n t he ear by chemi cal car ci nogens never i nf i l t r at e t he
car t i l age, but gr ow i nst ead i n t he t i ssue sur r oundi ng t he car t i l age ( 15) .
Car t i l age- der i ved t umor s, chondr osar comas, ar e among t he l east vascul ar

neopl asms ( 16) .

Devel opment al st udi es ( 17, 18) on car t i l age i n humans have shown t hat

embr yoni c car t i l age i s vascul ar i zed, but t hat t he bl ood vessel s di sappear i n t he

ear l y neonat al per i od . Thi s suggest s t he possi bi l i t y t hat a f act or capabl e of

i nhi bi t i ng vessel s mi ght exi st i n neonat al car t i l age .

Thi s i nvest i gat i on was begun f ol l owi ng a di scussi on wi t h Dr . Har ol d Sl avki n, who had
obser ved t hat car t i l age pl aced on t he chor i oal l ant oi c membr ane di d not become
vascul ar i zed . 2 When we r epr oduced t hi s exper i ment , we al so saw t hat neonat al car t i l age
di d not become vascul ar i zed f r om t he CAMvessel s . Recent l y, Ei senst ei n et al . have
r epor t ed a si mi l ar f i ndi ng ( 19) . When we ext ended t hese exper i ment s and pl aced t he
car t i l age i n a f i el d of neovascul ar i zat i on i nduced by t umor or TAF, a zone of i nhi bi t i on of
capi l l ar y pr ol i f er at i on appear ed ar ound t he car t i l age ( Fi g . 7) . The di sadvant age of t he
CAMsoon became appar ent : an i nhi bi t or y ef f ect coul d not be quant i t at ed . Measur ement s
of capi l l ar y gr owt h r at e wer e not possi bl e . The gr eat advant age of st udyi ng t he car t i l age
i nhi bi t or i n t he r abbi t cor nea was t hat accur at e measur ement s of capi l l ar y gr owt h r at e
coul d be made because t he t umor , car t i l age and new vessel s wer e al l ar r anged l i near l y .

I n summar y, t he i nhi bi t or y ef f ect of car t i l age i n t he cor nea oper at ed i n t wo ways :

( a) t he r at e of capi l l ar y gr owt h was si gni f i cant l y r educed, and ( b) 28% of t he

t umor s never ent er ed t he vascul ar phase . By cont r ast , when t he car t i l age was

heat i nact i vat ed or r epl aced by neonat al cor nea of t he same si ze, or when t umor

was i mpl ant ed al one : ( a) t he r at e of capi l l ar y gr owt h was never r educed and ( b)

al l t umor s became vascul ar i zed .
Thi s i s t he f i r st t i me, t o our knowl edge, t hat a di f f usi bl e mat er i al f r omnor mal

t i ssue has been shown t o i nhi bi t capi l l ar y pr ol i f er at i on i nduced by t umor s . The

z
Sl avki n, H. C. 1972 . Depar t ment of Bi ochemi st r y, Uni ver si t y of Sout her n Cal i f or ni a, per sonal

communi cat i on.
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mat er i al appear s t o pr oduce no i nf l ammat i on i n t he cor nea . When t hi s i nhi bi t or y

f act or i s f ur t her pur i f i ed and char act er i zed, i t may pr ove usef ul as a t her apeut i c

means of mai nt ai ni ng t umor dor mancy by " ant i angi ogenesi s" ( 9, 10) .

Capi l l ar y pr ol i f er at i on i nduced by t umor i s shown t o be i nhi bi t ed by neonat al

scapul ar car t i l age . Usi ng t he r abbi t cor nea as an assay, t he car t i l age i mpl ant

decr eased t he r at e of capi l l ar y gr owt h, i nduced by t umor , by an aver age of 75%.

Vascul ar i zat i on was pr event ed compl et el y i n 28%of t umor s . The i nhi bi t or y ef f ect

of smal l car t i l age i mpl ant s oper at es over di st ances of up t o 2 . 0 mmand di spl ays a

gr adi ent f r om t he car t i l age sour ce . The exper i ment s suggest t hat t he car t i l age

i nhi bi t or does not ant agoni ze t umor angi ogenesi s f act or , but appear s t o i nhi bi t

capi l l ar y pr ol i f er at i on di r ect l y . The i nhi bi t or y mat er i al does not el i ci t an

i nf l ammat or y r esponse i n ei t her t he r abbi t cor nea or i n t he chi ck chor i oal l ant oi c

membr ane . Thus wi t h f ur t her pur i f i cat i on, i t may pr ove usef ul as a means of

mai nt ai ni ng t umor dor mancy by " ant i angi ogenesi s . "
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hi st ol ogi cal pr epar at i ons ; Mr . Paul Wesl ey, Mr . St even Fl ei t , and Mr . Ri char d Levenson f or t echni cal

assi st ance ; Mr . Jani s Ci r ul i s f or t he di agr ams ; Ms . Jane Di t t r i ch and Mr s . Pol l y Br een f or
pr epar at i on of t he manuscr i pt .
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