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ABSTRACT

	

A new pr ocedur e i s i nt r oduced f or t he i sol at i on of connect i ve t i ssue f i ber s, cal l ed

bi omat r i x, cont ai ni ng a si gni f i cant por t i on of t he ext r acel l ul ar mat r i x ( basement membr ane

component s and component s of t he gr ound subst ance) . Bi omat r i x i sol at ed f r om nor mal r at

l i ver cont ai ns >90% of t he t i ssue' s col l agens and al l of t he known col l agen t ypes, i ncl udi ng

t ypes I and I I I and basement membr ane col l agens . The pur i f i ed col l agenous f i ber s ar e

associ at ed wi t h noncol l agenous aci di c pr ot ei ns ( i ncl udi ng f i br onect i ns and possi bl y smal l

amount s of gl ycosami nogl ycans) . Pr ocedur es ar e al so descr i bed f or pr epar i ng t i ssue cul t ur e

subst r at es wi t h t hese f i ber s by ei t her smear i ng t i ssue cul t ur e di shes wi t h f r ozen sect i ons or by

shr eddi ng t he bi omat r i x i nt o smal l f i br i l s wi t h a homogeni zer . The bi omat r i x as a subst r at e has

a r emar kabl e abi l i t y t o sust ai n nor mal r at hepat ocyt es l ong- t er m i n cul t ur e . The hepat ocyt es,

whi ch on t i ssue cul t ur e pl ast i c or on t ype I col l agen gel s do not sur vi ve mor e t han a f ew

weeks, have been mai nt ai ned f or mor e t han 5 mo i n vi t r o when cul t ur ed on bi omat r i x . These

cel l s cul t ur ed on r at l i ver bi omat r i x show i ncr eased at t achment and sur vi val ef f i ci enci es, l ong-

t er m sur vi val ( mont hs) , and r et ent i on of some hepat ocyt e- speci f i c f unct i ons .

Despi t e numer ous advances i n cel l cul t ur e pr ocedur es ( 2, 3, 14,

16, 18, 24, 35) , t he cul t ur e of di f f er ent i at ed epi t hel i al cel l s,

par t i cul ar l y f r omnor mal t i ssues, has r emai ned especi al l y di f -

f i cul t . We have pr oposed t hat t he shor t comi ngs of cel l cul t ur e

t echni ques ar e pr i mar i l y t hat cel l s ar e i sol at ed f r om t he ext r a-

cel l ul ar mat r i x and f r om associ at i on wi t h ot her cel l t ypes wi t h

whi ch t hey may be i nt er dependent ( 30) . Cul t ur e met hods, such

as or gan cul t ur e or t he cul t ur e of t i ssue f r agment s, whi ch r et ai n
t i ssue ar chi t ect ur e, pr eser ve t he di f f er ent i at i ve st at e of t he cel l s,
wher eas cl onal cel l cul t ur es usual l y under go a dedi f f er ent i at i ve

pr ocess ( 16, 40) . Thus, t o cul t ur e di f f er ent i at ed cel l s i t seems

l ogi cal t o ascer t ai n t he cr i t i cal var i abl es of t he t i ssue mat r i x

and t o evol ve cul t ur e pr ocedur es dependent upon t hem.

I n a pr evi ous paper , we pr esent ed t echni ques t hat we r ef er

t o as " soci o- cel l cul t ur e t echni ques" ( 30) and t hat ar e, i n
essence, at t empt s t o si mul at e some of t he cel l - cel l r el at i onshi ps
of t he t i ssue mat r i x r el evant t o epi t hel i al cel l s . The t echni ques

we descr i bed i nvol ve t he cul t ur i ng of epi t hel i al cel l s on sub-

st r at es of r econst i t ut ed basement membr ane and i n medi um
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suppl ement ed wi t h hor mones, ser um, and wi t h condi t i oned

medi um f r om f eeder l ayer s of pr i mar y cul t ur es of f i br obl ast s .

I n t hi s ar t i cl e, we pr esent new t echni ques t hat have super seded

t he ear l i er ones. They i ncl ude t he i sol at i on of connect i ve t i ssue

f i ber s cal l ed bi omat r i x, r epr esent i ng a si gni f i cant por t i on of t he

i n vi vo ext r acel l ul ar mat r i x ( basement membr anes and gr ound

subst ance) , and t echni ques usi ng t hese f i ber s as subst r at es f or

cul t ur es of di f f er ent i at ed cel l s . Our l ong- t er m st udi es ar e con-

cer ned wi t h t he r ol es of t he ext r acel l ul ar mat r i x and of cel l - cel l

r el at i onshi ps i n t he di f f er ent i at i on of nor mal and mal i gnant
epi t hel i al cel l s . I n t hi s paper , we pr esent our st udi es on t he use

of l i ver - der i ved bi omat r i x as a subst r at e f or nor mal r at hepa-

t ocyt es .

MATERI ALS AND METHODS

Ani mal s

Adul t Spr ague- Dawl ey r at s wer e pur chased f r om Char l es Ri ver Br eedi ng

Labor at or i es, Wi l mi ngt on, Mass. , and used i mmedi at el y f or pur i f i cat i on of t ype

I col l agen and/ or bi omat r i x.
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Pr epar at i on of I sol at ed Rat Hepat ocyt es

Suspensi ons of i sol at ed r at hepat ocyt es wer e pr epar ed by t he met hod of

Lef f er t et al . ( 21) . The cel l s wer e washed f r ee of bact er i al col l agenase wi t h cul t ur e

medi um, di l ut ed, and count ed. Cel l vi abi l i t y was det er mi ned by t r ypan bl ue

excl usi on .

Cul t ur e Condi t i ons

MEDI A AND SOLUTI ONS: The cel l s wer e cul t ur ed i n mi ni mum essent i al

medi um( MEM) or a 1 : l mi xt ur e of Dul becco' s modi f i ed Eagl e' s medi um( DME)

and Ham' s Fl t suppl ement ed wi t h t r ace el ement s ( 14) , HEPES, and wi t h 10%

f et al bovi ne ser um ( FBS) . The medi um i s r ef er r ed t o as DME/ F12 + FBS. Al l

suppl i es f or medi um wer e obt ai ned f r om Gr and I sl and Bi ol ogi cal Co, Gr and

I sl and, N. Y. The t r ace el ement s wer e a gi f t f r om R. Ham ( Uni ver si t y of

Col or ado, Boul der , Col o. ) . Dul becco' s phosphat e- buf f er ed sal i ne ( PBS) wi t hout

magnesi um or cal ci um sal t s was pr epar ed f r om r eagent gr ade chemi cal s f r om

Baker .

PLASTI CS:

	

Al l t i ssue cul t ur e pl ast i cs wer e obt ai ned f r om Fal con Labwar e,

Di v . of Bect on, Di cki nson & Co, Oxnar d, Cal i f ,

SUBSTRATES :

	

The cel l s wer e gr own on one of t hr ee possi bl e subst r at es :

t i ssue cul t ur e di shes, col l agen gel s, or r at l i ver bi omat r i x . Pr epar at i on of t he l at t er

t wo i s descr i bed bel ow.

Pr epar at i on of Rat Li ver Bi omat r i x

Af t er decapi t at i on of a r at , t he l i ver was homogeni zed gent l y i n a l oose- f i t t i ng

gl ass Tef l on homogeni zer , usi ng 10 vol of i ce- col d di st i l l ed wat er cont ai ni ng 0 . 1%
sodi um azi de, and i mmedi at el y passed t hr ough a pol yest er f i l t er ( PeCap HD7-

85, f r omTETKTOI nc. , El msf or d, N. Y. ) of 166- 168 mesh per i nch. The mat er i al
r et ai ned on t he pol yest er was col l ect ed wi t h a spat ul a and t hen pur i f i ed as

descr i bed by Meezan et al . ( 23) wi t h t he modi f i cat i ons descr i bed i n Fi g. 1 . Al l
ot her oper at i ons wer e per f or med at 4° C. Tr i pl i cat e al i quot s of al l f i l t r at es and
f i nal r et ent at e wer e hydr ol yzed i n 6 N HCI f or 24 h at 104* C and anal yzed f or
hydr oxypr ol i ne cont ent by t he pr ocedur e of Roj ki nd and Gonzal ez ( 32) . Col l agen

was est i mat ed f r omt he amount of hydr oxypr ol i ne, assumi ng t hat each pol ypep-
t i de chai n of 100, 000 dal t ons cont ai ns 1, 000 r esi dues ( 11) .

Mor phol ogi cal Char act er i zat i on of t he Rat

Li ver Bi omat r i x

Rat l i ver bi omat r i x obt ai ned at di f f er ent st ages of pur i f i cat i on was f i xed i n 2%

gl ut ar al dehyde i n phosphat e buf f er , dehydr at ed wi t h an et hanol ser i es, embedded

i n Epon, and sect i oned f or el ect r on mi cr oscopy . Fr eshl y pr epar ed f i ber s wer e

al so f i xed i n buf f er ed f or mal dehyde, dehydr at ed wi t h an et hanol ser i es, embedded

i n par af f i n, and sect i oned at 5 pm. The sect i ons wer e st ai ned f or r et i cul i n f i ber s
by t he met hod of Gor don and Sweet s ( 12) .

Af t er t he f i nal st ages of pur i f i cat i on, r at l i ver bi omat r i x was st ai ned i n whol e

mount pr epar at i ons wi t h r ut heni umr ed by t he met hod of Luf t ( 22) or by per i odi c

aci d- Schi f f ( PAS) st ai ni ng. Fi br onect i n anal ysi s was det er mi ned by i ndi r ect

i mmunof l uor escence . Fr ozen sect i ons, 8 pi n each of col l agen gel s or of bi omat r i x

wi t h or wi t hout cel l s at t ached, wer e f i xed i n 2%par af or mal dehyde i n 0 . 1 MPBS

and st ai ned wi t h r abbi t ant i chi cken f i br onect i n ( a gi f t of Dr . Shi n, Al ber t Ei nst ei n

Col l ege of Medi ci ne) . The sect i ons wer e secondar i l y st ai ned wi t h f l uor escei n-
l abel ed ant i r abbi t ant i ser um. The f i br onect i n used as ant i gen was pur i f i ed f r om
embr yo f i br obl ast cel l cul t ur es by t he met hod of Yamada et al . ( 42) as modi f i ed

by Kahn and Shi n ( per sonal communi cat i on) . The st ai ned sl i des wer e eval uat ed

wi t h a Zei ss f l uor escence mi cr oscope . Cont r ol sl i des wer e st ai ned wi t h r abbi t

ser umf r om noni mmuni zed r abbi t s .

Col l agenase Di gest i on of Pur i f i ed Rat

Li ver Bi omat r i x

Bi omat r i x ( 30- 50 mg of wet wei ght ) was i ncubat ed f or 24 h at 20° Cwi t h 1 ml

of 0. 05 M Tr i s- HCI buf f er , pH 7 . 4, wi t h 0. 05 M CaC12 , cont ai ni ng 20 pg of
bact er i al col l agenase ( 412 U/ mg) , Wor t hi ngt on Bi ochemi cal Cor p . , Fr eehol d, N.

J . ) . Bact er i al col l agenase was f r eed of nonspeci f i c pr ot ease act i vi t y as descr i bed

by Pet er kof sky and Di egel man ( 27) and Benya et al . ( 1) . Af t er i ncubat i on, t he

f i ber s wer e cent r i f uged at 3, 000 r pmf or 30 mi n and t he super nat e was t r ansf er r ed
t o a vi al and evapor at ed t o dr yness . 1 ml of const ant boi l i ng HCl ( Pi er ce Chemi cal

Co. , Rockf or d, I l l . ) was added, and t he sampl e was seal ed under vacuum. The

r esi due af t er col l agenase di gest i on was t r ansf er r ed t o a second vi al and al so

pr epar ed f or aci d hydr ol ysi s . Sampl es wer e heat ed at 104° C f or 24 h and used

f or ami no aci d anal ysi s ( 9) . Cor r ect i ons wer e made f or r ecover y of ami no aci ds
usi ng nor l euci ne as a st andar d . No cor r ect i ons wer e made f or l osses af t er aci d
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1 . Mi nce t i ssue and homogeni ze by hand or i n a War i ng bl ender ,

usi ng 5- 10 vol of 0 . 1% sodi um azi de sol ut i on per gr am of t i ssue .

Omi t t he azi de and use onl y col d di st i l l ed wat er f or bi omat r i x t o

be used f or cel l cul t ur e subst r at es . Keep sampl e at 4° C. I deal

amount of st ar t i ng mat er i al , 100 gr ams .

2 . I mmedi at el y f i l t er t hr ough pol yest er i nt o 2- t o 4- l i t er beaker i n i ce .

Wash wi t h mor e azi de sol ut i on ( wat er ) i f necessar y .

3 . Col l ect mat er i al on t op of t he pol yest er mesh and put i nt o a beaker

wi t h 1 . 0%sodi um azi de ( wat er ) . Wash pol yest er mesh t hor oughl y

and add t he wash t o t he beaker .

4 . St i r f or 1 h at 4° C.

5 . Fi l t er t hr ough pol yest er and r epeat st ep 3, but use 1 . 0 MNaCl

i nst ead of sodi um azi de ( wat er ) .

6 . St i r f or 1 h at 4° C.

7 . Col l ect pr eci pi t at e by f i l t r at i on t hr ough t he pol yest er mesh . I f t he

sol ut i on i s ver y opaque, r epeat st eps 5- 7 . Repeat unt i l t he sol ut i on

i s cl ear .

8 . Put t he pr eci pi t at e r et ai ned on t he f i l t er i nt o a smal l amount of

ser um- f r ee medi um ( - 30- - 50 ml / 100 g of st ar t i ng mat er i al ) and

add 1 . 0 mg of DNase pl us 5 mg of f bonucl ease ( Si gma Chemi cal

Co . ) per 50 ml of ser um- f r ee medi um.

9 . St i r f or 1 h at 37° C.

10 . Check a sampl e of t he f i ber s wi t h Acr i di ne Or ange ( 0 . 3% i n

di st i l l ed wat er ) . The nucl ei c aci d cont ami nant s st ai n an i nt ense

or ange wi t h t hi s sol ut i on. Fi ber s r easonabl y f r ee of t hese cont am-

i nant s st ai n a pal e sal mon col or . Repeat st eps 8- 10 unt i l t he f i ber s

ar e cl ean of nucl ei c aci d component s .

11 . Col l ect pr eci pi t at e by f i l t r at i on t hr ough pol yest er and r i nse i n 1 M

NaCI or i n ser um- f r ee medi um f or 0 . 5 h .

12 . Col l ect pr eci pi t at e by f i l t r at i on t hr ough pol yest er and put i nt o 100

ml of 1%deoxychol at e . *

13 . St i r f or 1 h at r oomt emper at ur e .

14. Check a sampl e of t he f i ber s wi t h oi l r ed O. $ I f t r ansl ucent r ed

gl obul es ar e pr esent , r epeat st eps 12- 14 unt i l t hey di sappear . The

t r ansl ucent r ed mat er i al appear s wi t hi n 3- 5 mi n .

15 . Col l ect t he f i ber s by f i l t r at i on t hr ough pol yest er and wash wi t h

250 ml of di st i l l ed wat er . Wash t hr ee t i mes ( 1 h each) and f i l t er

bet ween washi ngs .

16. St i r t he f i ber s over ni ght i n PBS or ser um- f r ee medi um ( l X 10

vol ume) at 4° C.

17 . Col l ect t he f i ber s by f i l t r at i on and ei t her use i mmedi at el y f or

cul t ur e or chemi cal st udi es or st or e by f r eezi ng at - 20° C i n ser um-

f r ee medi um pl us 10%gl ycer ol .

FI GURE 1

	

I sol at i on of bi omat r i x . * See not e added i n pr oof . $Oi l

r ed O: 0 . 5% i n 60% i sopr opanol ( st ock sol ut i on) . For use : di l ut e 6

par t s st ock t o 4 par t s wat er , mi x on a vor t ex, and f i l t er .

hydr ol ysi s . The amount of col l agen was est i mat ed f r om t he hydr oxypr ol i ne

cont ent of t he sampl e as descr i bed above. The noncol l agenous pr ot ei ns wer e

est i mat ed f r omt he ami no aci d composi t i on o£ t he sampl e .

Anal yt i cal Met hods

- 300 mg of l i ver was used f or aci d hydr ol ysi s and hydr oxypr ol i ne det er mi -

nat i on by t he met hod of Roj ki nd and Gonzal ez ( 32) wi t h t he modi f i cat i ons

descr i bed by Ehr i npr ei s et al ' . For car bohydr at e anal ysi s, sampl es of f i ber s of

20- 30 mg of wet wei ght wer e hydr ol yzed f or 3 h at 104° C wi t h 2 ml of 2 NHCI .

Excess HCI was evapor at ed t o dr yness i n a f l ash evapor at or , and t he sampl e was

di ssol ved i n 2 ml of di st i l l ed wat er . Al i quot s ( 0. 5- 1 . 0 ml ) wer e used f or hexose

anal ysi s wi t h ant hr one as descr i bed by Sei f t er et al . ( 37) . Gl ucose was used as a

st andar d, and t he r esul t s ar e expr essed as gl ucose equi val ent s per mi l l i gr am of

bi omat r i x . Pr ot ei n det er mi nat i ons wer e done accor di ng t o t he met hod of Lowr y

et al . ( 20) .

Ur oni c aci d det er mi nat i on was per f or med on 1 g of f r esh l i ver or 100 mg of

bi omat r i x by a modi f i cat i on ( 19) of t he car bazol e r eact i on ( 5, 7) . Li ver or

bi omat r i x was f i r st i ncubat ed f or 24 h at 4° C wi t h 0. 1 NNaOH, neut r al i zed wi t h

' Ehr i npr ei s, M. , M. Gi ambr one, and M. Roj ki nd . 1980. Li ver pr ol i ne

oxi dase act i vi t y and col l agen synt hesi s i n r at s wi t h ci r r hosi s i nduced

by car bon t et r achl or i de . Bi ochi m. Bi ophys . Act a. 629 : 184- 193 .



0. 1 N HCI , and di gest ed f or 24 h wi t h pr onase ( 19) . Pr ot ei n was pr eci pi t at ed wi t h

TCA ( f i nal concent r at i on of 10%) and r emoved by cent r i f ugat i on. The super nat e

was di al yzed exhaust i vel y agai nst di st i l l ed wat er , and al i quot s wer e used f or

ur oni c aci d det er mi nat i on . Qual i t at i ve det er mi nat i on of t he pr esence of gl yco-

pr ot ei ns and gl ycosami nogl ycans was done by r ut heni umr ed ( 22) st ai ni ng .

Pr epar at i on of t he Cel l Cul t ur e Subst r at es

COLLAGEN GEL RAFTS :

	

Col l agen gel r af t s wer e pr epar ed as descr i bed i n

t he r evi ew by Rei d and Roj ki nd ( 30) .

BI OMATRI X:

	

I n pr epar i ng bi omat r i x f or cel l cul t ur e subst r at es, we omi t t ed

sodi umazi de i n t he i sol at i on pr ocedur es because i t was di f f i cul t t o r emove f r om

t he mat r i x and was t oxi c t o t he cel l s . Met i cul ousness i n t he i sol at i on of bi omat r i x

was r equi r ed t o pr event car r y over of any t oxi c subst ance, such as deoxychol at e .

To ensur e qual i t y cont r ol of t he pr epar at i on, we exami ned t he f i br ous mat r i x

af t er each st ep t o be sur e t hat t he sol ubi l i zat i on was compl et e . For exampl e, af t er

t r eat ment wi t h nucl eases, a sampl e of t he f i ber s was st ai ned wi t h acr i di ne or ange .

Tr eat ment wi t h nucl eases was cont i nued unt i l t he bi omat r i x st ai ned a pal e sal mon

col or wi t h acr i di ne or ange . Af t er sol ubi l i zat i on of t he l i pi ds wi t h sodi umdeoxy-

chol at e, a sampl e of t he f i ber s was soaked i n oi l r ed 0. I f t r ansl ucent r ed gl obul es

i ndi cat i ng t he pr esence of r esi dual l i pi d cont ami nant s wer e f ound, deoxychol at e

t r eat ment was cont i nued . Par t i cul ar l y i mpor t ant wer e t he f i nal r i nses i n PBS and

ser um- f r ee medi um, whi ch wer e essent i al f or el i mi nat i on of deoxychol at e.

To make cul t ur e subst r at es, t he best r esul t s wer e obt ai ned by embeddi ng t he

bi omat r i x i nt o pol yvi nyl pyr r ol i done, Ti ssue Tek ( Lab- Tek Pr oduct s, Di v . Mi l es

Labor at or i es I nc. , Naper vi l l e, I l l . : whi ch pr event s i ce- cr yst al f or mat i on) , and

f r eezi ng i t at - 20° C. 5- t o 10- f i r n sect i ons wer e cut on a cr yost at and smear ed

over t i ssue cul t ur e pl at es wi t h smal l camel hai r br ushes . Ti ssue Tek r educed

at t achment ef f i ci ency of t he cel l s on t he bi omat r i x . Ther ef or e, t he pl at es on whi ch

t he Ti ssue Tek was used wer e t hor oughl y r i nsed wi t h t hr ee t o f our changes of

PBS and soaked over ni ght wi t h ser um- f r ee medi um bef or e use of t he pl at es f or

cul t ur e exper i ment s . An al t er nat i ve t o t he above was t o homogeni ze t he bi omat r i x

wi t h a Pol yt r on homogeni zer ( Br i nkmann I nst r ument s, I nc . , West bur y, N. Y. )

unt i l i t was shr edded i nt o shor t f i br i l s of 1- 3 mmi n l engt h . The homogeni zat i on

was done i n PBS or ser um- f r ee medi um mai nt ai ned at 4 ° Cand wi t h 10- t o 15- s

bur st s of t he homogeni zer . Cel l s wer e at t ached t o t he f i br i l s and ei t her al l owed

t o si t on t he bot t om of t he di sh or kept i n suspensi on by t he use of a st er i l i zed

magnet i c st i r r er . Wi t h t hi s met hod t he cel l s do not have t o be det ached i n or der

t o subcul t ur e t he pl at e. A por t i on of t he f i br i l s wi t h at t ached cel l s can be

t r ansf er r ed t o a new di sh wi t h mor e f i br i l s .

St er i l i zat i on of t he bi omat r i x f i br i l s or of t he pl at es smear ed wi t h bi omat r i x

was done by i r r adi at i on wi t h 10, 000 r ads of cobal t gamma r adi at i on. Al t hough

st er i l i zat i on of t he subst r at es coul d al so be ef f ect ed by 5, 000 r ads of gamma

i r r adi at i on or by LI V i r r adi at i on, t he st er i l i zat i on pr ocedur es wer e occasi onal l y

i nadequat e f or cont r ol of mol d spor es . Ther ef or e, t he hi gh- dosage gamma

i r r adi at i on was adopt ed excl usi vel y .

Eval uat i on of t he Cul t ur es

MORPHOLOGI C STUDI ES: Suspensi ons of i sol at ed r at hepat ocyt es wer e

added t o ei t her t i ssue cul t ur e di shes, t ype- I col l agen gel r af t s or r at l i ver bi omat r i x .

Cul t ur es wer e mai nt ai ned f or up t o 5- 6 mo, wi t h t he medi a bei ng changed once

weekl y . Phot ogr aphs wer e t aken at r egul ar i nt er val s wi t h a Ni kon i nver t ed phase

mi cr oscope. For hi st ol ogi cal st udi es, cel l cul t ur es wer e f i xed i n met hanol or wi t h

buf f er ed f or mal dehyde, dehydr at ed, and embedded i n par af f i n . 8- pm sect i ons

wer e st ai ned wi t h hemat oxyl i n/ eosi n .

ATTACHMENT EFFI CI ENCY: Suspensi ons of r at hepat ocyt es at var yi ng

densi t i es wer e pl at ed ont o one of t he t hr ee subst r at es . The cul t ur es wer e pr ovi ded

wi t h a medi um of MEM Or DME/ F12 + FBS and i ncubat ed at 37° C i n an

i ncubat or f l ushed wi t h 95%ai r and 5%C02. The cul t ur es wer e mai nt ai ned f or 24

h af t er whi ch t he pl at es wer e r i nsed t wi ce wi t h PBS, and t he at t ached cel l s wer e

r emoved wi t h 0 . 1% col l agenase i n ser um- f r ee medi um ( t ype I , Si gma Chemi cal

Co. , St . Loui s, Mo. ) . The number of vi abl e cel l s was count ed and anal yzed by

" pan bl ue excl usi on .

LONG- TERM SURVI VAL EFFI CI ENCI ES AND THE DURATI ON OF THE

CULTURES: Var yi ng densi t i es of r at hepat ocyt es wer e added t o 35- or 60- mm

di shes wi t h one of t he possi bl e subst r at es . The cul t ur es wer e pr ovi ded wi t h a

medi um of MEMor DME/ F12 + FBS and i ncubat ed at 37° C i n an i ncubat or

f l ushed wi t h 95% ai r and 5%CO=. The cul t ur es wer e mai nt ai ned f or 3- 4 wk,

af t er whi ch t he pl at es wer e r i nsed and t he cel l s det ached wi t h col l agenase ( t ype

I , Si gma Chemi cal Co. ) . The number of vi abl e cel l s was ascer t ai ned by t r ypan

bl ue excl usi on. The pot ent i al dur at i on of t he cul t ur es was est i mat ed by pl at i ng

10' - 10" cel l s on one of t he var i ous subst r at es i n 35- and 60- mm di shes and

mai nt ai ni ng t he cul t ur es wi t h weekl y changes of medi umf or as l ong as t he cel l s

seemed vi abl e. I f t he cul t ur es seemed t o be dyi ng, t he exper i ment was t er mi nat ed,

and cel l s wer e det ached by enzymat i c t r eat ment and eval uat ed f or vi abi l i t y . At

r egul ar i nt er val s, cul t ur es t hat appear ed heal t hy wer e t er mi nat ed t o ascer t ai n t he

number of vi abl e cel l s and t he pr esence of hepat ocyt e- speci f i c mar ker s . Some of

t he l ong- t er m cul t ur es wer e checked f or mycopl asma accor di ng t o t he met hod of

Chen ( 4) .

Al bumi n and Li gandi n Mar ker s

Hepat ocyt es at 10' - 10' cel l s per 35- or 60- mmdi shes wer e seeded and cul t ur ed

as descr i bed above. At var yi ng i nt er val s, t he cul t ur es wer e t er mi nat ed and t he

pr esence of al bumi n or l i gandi n i n t he cel l s was ascer t ai ned by i ndi r ect i mmu-

nof l uor escence . The cel l s wer e det ached f r om t he subst r at es, r i nsed wi t h PBS,

f i xed i n i ce- col d acet one, st ai ned wi t h ant i r at al bumi n or ant i r at l i gandi n ( bot h

made i n goat s) , and secondar i l y st ai ned wi t h f l uor escei n- l abel ed r abbi t ant i goat

i mmunogl obul i n . The st ai ned sl i des wer e eval uat ed wi t h a Zei ss f l uor escence

mi cr oscope . Cont r ol sl i des wer e st ai ned wi t h r abbi t ser umf r om noni mmuni zed

r abbi t s .

I n a sampl i ng of t he cul t ur es, al bumi n synt hesi s was eval uat ed by i ncubat i ng

t he cul t ur es wi t h l abel ed ami no aci ds ( New Engl and Nucl ear , Bost on, Mass . ) .

The cul t ur es wer e t hen col l ect ed, homogeni zed, and boi l ed i n 2% SDS wi t h

mer capt oet hanol . The sampl es wer e r un on 7. 5% SDS- pol yacr yl ami de gel s .

Fl uor ogr aphy f or r adi oact i vi t y i n t he ar ea of t he al bumi n st andar d band i ndi cat ed

t he pr esence of newl y synt hesi zed al bumi n.

RESULTS

I sol at i on and Char act er i zat i on of Rat

Li ver Bi omat r i x

A pr ocedur e gi ven i n Fi g . l was devel oped f or t he i sol at i on

of f i ber s f r om t he ext r acel l ul ar mat r i x . The met hod i ncl udes

sequent i al sol ubi l i zat i on of t he t i ssue component s by wat er ,

sodi umchl or i de buf f er s, nucl eases, and deoxychol at e sol ut i ons .

Wi t h t hi s met hod, a f i br ous mat r i x was i sol at ed cont ai ni ng

>85% of t he t i ssue col l agens and what ever noncol l agenous

pr ot ei ns and smal l amount s of gl ycosami nogl ycans t hat ar e

nor mal l y i n cl ose associ at i on wi t h t he col l agens. As shown i n

Tabl e 1, t he bi omat r i x cont ai ns pr i mar i l y t wo component s .

Af t er di gest i on wi t h bact er i al col l agenase, t he ami no aci d

composi t i on of t he sol ubi l i zed mat er i al i s si mi l ar t o t hat ex-

pect ed f or col l agen . The col l agenase- i nsol ubl e r esi due has an

TABLE I

Ami no Aci d Composi t i on of Col l agenase- sol ubl e and

Col l agenase- r esi st ant Pr ot ei ns of t he Li ver "

Col l agenase

Ami no aci d

	

Col l agenase sol ubl e

	

r esi st ant

' Aver age of t wo pr epar at i ons .

$ Not cor r ect ed f or l osses af t er aci d hydr ol ysi s .

§ Det er mi ned as met hi oni ne and met hi oni ne sul f oxi des .
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Resi dues/ 1, 000 ami no aci d r esi dues

4- Hydr oxypr ol i ne 78 0

Aspar t i c Aci d 57 117

Thr eoni ne$ 23 44

Ser i ne$ 19 31

Gl ut ami c Aci d 71 117

Pr ol i ne 96 57

Gl yci ne 301 131

Al ani ne 102 78

1/ 2 Cyst i ne$ t r ace 31

Val i ne 41 68

Met hi oni ne§ 7 7

I sol euci ne 26 57

Leuci ne 41 71

Tyr osi ne$ 3 13

Phenyl al ani ne 22 42

Hydr oxyl ysi ne 10 0

Lysi ne 46 77

Hi st i di ne 14 21

Ar gi ni ne 43 38



ami no aci d composi t i on si mi l ar t o t hat of f i br onect i n ( 26, 38,
39, 42) or t he aci di c gl ycopr ot ei ns associ at ed wi t h el ast i n ( 33)

or col l agen ( 38) . Al t hough we have not det er mi ned at pr esent
t he nat ur e of t he noncol l agenous pr ot ei ns associ at ed wi t h t he
col l agens, t he pr esence of f i br onect i n was est abl i shed af t er
st ai ni ng t he bi omat r i x wi t h ant i ser umt o chi cken f i br onect i n as
shown i n Fi g. 5 A.

The pr esence of gl ycosami nogl ycans i s suggest ed but has not
been f i r ml y est abl i shed . The bi omat r i x f i ber s st ai ned st r ongl y
wi t h r ut heni um r ed and PAS st ai ns . However , ur oni c aci d
det er mi nat i ons by t he car bazol e met hod, al t hough posi t i ve,

wer e subsequent l y f ound t o be bi ased by t he pr esence of ot her
hexoses i n l ar ge amount s . St udi es t o cl ar i f y t hi s mat t er ar e
under way.

A compar i son of col l agen gel s der i ved f r om r at - t ai l t endons

and ski n wi t h t he bi omat r i x f i ber s was made usi ng hi st ochem-

i cal and i mmunof l uor escence pr ocedur es . The col l agen gel s

pr epar ed f r om r at - t ai l col l agen cont ai ned no t ype- I I I col l agen

( si l ver st ai ni ng) , f i br onect i n ( i ndi r ect i mmunof l uor escence) , or

PAS, or r ut heni um r ed- posi t i ve mat er i al . The gel s pr epar ed

f r om ski n ext r act s had t r ace amount s of t ype- I I I col l agen,

f i br onect i n, and PAS, and r ut heni um r ed- posi t i ve mat er i al . I n
cont r ast , t he bi omat r i x was st r ongl y posi t i ve f or al l of t hese
component s .

The col l agens f r om r at l i ver bi omat r i x wer e i sol at ed af t er
pepsi n di gest i on ( 31) . As shown i n Tabl es I and I I , t he bi o-
mat r i x cont ai ns t ypes I and I I I and basement membr ane
col l agens . The col l agens pr esent i n t he bi omat r i x wer e sol ubi -
l i zed by pepsi n di gest i on, and t he col l agen al pha chai ns r e-
cover ed quant i t at i vel y i ndi cat i ng t hat t r eat ment of t he t i ssue
wi t h 1% deoxychol at e di d not denat ur e t he col l agen f i ber s .

Denat ur ed col l agen i s r eadi l y degr aded af t er pepsi n t r eat ment

( 31) . Hydr oxypr ol i ne anal ysi s of t he bi omat r i x as compar ed
wi t h t hat of t he l i ver r eveal ed t hat at l east 80%of t he col l agen

pr esent i ni t i al l y i n t he l i ver was r ecover ed i n t he bi omat r i x .

The r ecover y of col l agen was i ncr eased t o 95%by washi ng t he

pol yest er af t er each st ep and r et r i evi ng t he smal l amount s of

Pr ep I

Pr ep I I

TABLE I I

Composi t i on of t he Bi omat r i x Der i ved f r om Rat Li ver

63 . 7

	

Type I , 43%

	

36 . 2

	

9. 0

Type 111, 42 . 7%

Basement membr ane

col l agens ( A + B) ,

6. 2%

* Undef i ned, 10 . 9%

60. 9

	

As above

	

39 . 1

	

10. 0

Pr opor t i on of t he l i ver r ecover abl e as bi omat r i x ( gi ven as [ amount i n

bi omat r i x] / [ amount i n l i ver ] x 100 = %) : Wet wt ( g) , 1 . 14%; t he yi el d of

bi omat r i x by wei ght i s t he aver age of 50 nor mal r at l i ver s . Tot al col l agen

( mg) , 95%; t he %yi el d of col l agen i n t he bi omat r i x i s t he aver age of 5 nor mal
r at l i ver s . Tot al pr ot ei n ( mg) , 0 . 87%; noncol l agenous pr ot ei ns ( mg) , 0. 35%;
t he %yi el d of t ot al pr ot ei n and noncol l agenous pr ot ei ns i s t he aver age of
t wo nor mal r at l i ver s .

Undef i ned r epr esent s a mi xt ur e of t ype- I V col l agen and ot her mi nor com-
ponent s not yet char act er i zed .
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f i ne col l agen f i br i l s ent r apped i n t he pol yest er f i l t er . The nat ur e

of t he col l agen l ost has not been det er mi ned . The mat r i x

cont ai ns equal amount s of t ype I and I I I col l agens, a smal l

amount of A + B component s ( - 6%) , and - 10%undef i ned

mat er i al ( Tabl e I I ) . Thi s l at t er cor r esponds t o t he basement

membr ane col l agen ( t ype I V) and t o smal l amount s of mi nor ,

undef i ned component s nor mal l y pr esent i n t he l i ver . Fur t her

char act er i zat i on of t he col l agenous component s of t he bi oma-

t r i x has been pr esent ed el sewher e . '

Mor phol ogi cal St udi es

I n Fi g. 2A i s seen f r eshl y pr epar ed r at l i ver bi omat r i x . The

het er ogeneous nat ur e of t he bi omat r i x i s appar ent even f r om

t he macr oscopi c appear ance of t he mat er i al . Hi st ochemi cal
st udi es i ndi cat ed t hat t he f i l ament ous por t i ons ( C) wer e pr i -

mar i l y col l agenous i n composi t i on wi t h l i t t l e r ut heni um r ed-

posi t i ve mat er i al . Ot her ar eas wi t h gol den- col or ed, gl obul ar

mat er i al ( G st ai ned i nt ensel y wi t h r ut heni um r ed and PAS

st ai ns . Fi br obl ast s and endot hel i al cel l s at t ached pr ef er ent i al l y

t o t he f i l ament ous ( C) r egi ons, wher eas hepat ocyt es at t ached

t o r egi ons enr i ched i n t he r ut heni um r ed- posi t i ve mat er i al ( G.

I n Fi g. 2 B i s seen a 48- h cul t ur e i n whi ch hepat ocyt es ar e

at t ached t o t he Gr egi on of t he bi omat r i x and ar e not i ceabl y

absent on t he sur r oundi ng t i ssue cul t ur e pl ast i c . I n Fi g. 3A and

B ar e hepat ocyt e cul t ur es mai nt ai ned f or 4 mo . The cel l s have

spr ead over t he mat r i x and have pr omi nent " chi cken- wi r e-

l i ke" channel s separ at i ng t he cel l s . Al t hough mi t ot i c f i gur es

wer e occasi onal l y obser ved, t he cul t ur es ei t her gr ew sl owl y or

not at al l . Subcul t ur i ng was r ar el y r equi r ed f or up t o 5 mo of

cul t ur e on t he bi omat r i x .

Hemat oxyl i n- and eosi n- st ai ned pr epar at i ons ( Fi g. 4A and

B) of hepat ocyt e cul t ur es af t er 40 d on bi omat r i x i ndi cat e a

l ar ge number of vi abl e cel l s i nt er sper sed wi t h a net wor k of

channel s . The opaque oval s ar e dead cel l s t hat al so at t ached t o

t he f i ber s . These dead cel l s wer e seen f r om t he ear l i est st ages

of t he cul t ur es and ar e assumed t o der i ve f r omt he pr ocedur es

used t o i sol at e t he hepat ocyt es f r om l i ver . Lar ge vacuol ar si t es

wi t hi n t he cel l s ar e of unknown composi t i on and awai t f ur t her

char act er i zat i on by ul t r ast r uct ur al and hi st ochemi cal st udi es .

At t achment Ef f i ci ency/ Sur vi val Ef f i ci ency/

Gr owt h St udi es

The at t achment ef f i ci ency of t he hepat ocyt es pl at ed ont o t he

var i ous subst r at es i s shown i n Tabl e I I I . As pr evi ousl y dem-

onst r at ed by ot her s ( 24) , t he hepat ocyt es have a l owat t achment

and sur vi val ef f i ci ency on t i ssue cul t ur e pl ast i c but a dr amat i -

cal l y enhanced at t achment and sur vi val ef f i ci ency on col l agen

gel r af t s . Of t he subst r at es t est ed, t he bi omat r i x pr oved super i or

i n at t achment ef f i ci ency, sur vi val ef f i ci ency, and dur at i on of

t he cul t ur es. At t achment ef f i ci enci es on t he 35- mm t i ssue cul -

t ur e di shes coat ed wi t h bi omat r i x of >70%wer e consi st ent l y

obser ved at al l seedi ng densi t i es up t o 106 . However , above 106,

sat ur at i on bi ndi ng phenomenon was seen. I ncr easi ng number s

of cel l s seeded above 106 cel l s di d not si gni f i cant l y i ncr ease t he

number of cel l s bound.

The di f f er ences i n t he subst r at es became i ncr easi ngl y appar -

ent i n t he st udi es on t he dur at i on of t he cul t ur es . The number

of cel l s on pl ast i c decl i ned st eadi l y unt i l by 2- 3 wk al most al l

t he cul t ur es cont ai ned no vi abl e cel l s . Si mi l ar t o t he f i ndi ngs

of ot her s ( 24) , t he cul t ur es of hepat ocyt es mai nt ai ned on col -

z Roj ki nd et al . J Bi oL Chem. I n pr ess .

Noncol -

l agen- Car bo-

Col l a- ous hy-

gens Types of col l agen pr ot ei ns dr at es

( mgl 100 ( % of ( mgl 100 ( gmol

mg pr o- t ot al mg pr o- gl ucose

r ei n) col l agen) ( ei n) equi v . l 100

mg pr o-

( ei n)



FI GURE 2

	

Phase mi cr oscopy of r at l i ver bi omat r i x and of r at hepat ocyt es on t he bi omat r i x . ( A) Bi omat r i x al one. Even by phase
mi cr oscopy, t he bi omat r i x appear s het er ogeneous . I n some ar eas i t was obser ved t o be f i l ament ous and was f ound t o be pr i mar i l y
col l agenous ( C) . I n ot her s, t he f i l ament ous mat er i al was associ at ed wi t h gol den gl obul ar mat er i al ( G) f ound t o be mi xt ur es of
col l agens and car bohydr at e- r i ch pr ot ei ns . Fi br obl ast s and endot hel i al cel l s at t ached mor e r eadi l y t o t he f i l ament ous r egi ons ; t he
hepat ocyt es at t ached pr ef er ent i al l y t o t he car bohydr at e- r i ch ar eas . ( B) 2- d cul t ur e of r at hepat ocyt es on r at l i ver bi omat r i x . The
hepat ocyt es at t ached t o t he bi omat r i x and not t o t he sur r oundi ng pl ast i c . Ar ound t he edges of aggr egat es of cel l s on t he mat r i x
can be seen cel l s t hat ar e begi nni ng t o spr ead . x 260 .
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FI GURE 3

	

Phase mi cr oscopy of l ong- t er m cul t ur es of r at hepat ocyt es . The t wo cul t ur es ( A and B) shown ar e mor e t han 4 mo ol d .

The cel l s wer e pl at ed ont o r at l i ver bi omat r i x by met hods descr i bed i n Mat er i al s and Met hods . The hepat ocyt es have spr ead over

t he bi omat r i x and occasi onal l y ar e obser ved wi t h mi t ot i c f i gur es ( not seen i n t hese phot ogr aphs) . However , t he amount of gr owt h

was qui t e l i mi t ed . The cul t ur es, whi ch wer e t ypi cal , never r equi r ed subcul t ur i ng f or al most 5 mo . " Chi cken- wi r e- l i ke" channel s ar e

pr omi nent bet ween t he cel l s t hr oughout t he cul t ur es . A, x 230; 8, x 260 .

l agen gel r af t s l ast ed, on t he aver age, 4- 5 wk . Af t er 3 wk, 40-

50% of t hose t hat had at t ached and wer e al i ve on day 1 wer e

st i l l vi abl e . On t he bi omat r i x, t he maj or i t y of t he cel l s t hat wer e

al i ve 24 h af t er pl at i ng sur vi ved f or a number of mont hs . I n

var i ous st udi es, t he cel l s have been mai nt ai ned f or >5 mo .

Gr owt h of t he hepat ocyt es on t he bi omat r i x has been i nf r e-

quent l y obser ved . Occasi onal l y, cl ones of pr ol i f er at i ng hepa-

t ocyt es wer e seen, but t hese have been t he except i on r at her

t han t he r ul e. St udi es wi t h [ 3H] t hymi di ne and gr owt h cur ves

have not been at t empt ed . Whet her or not t he hepat ocyt es can

gr ow on t he bi omat r i x i s uncl ear at t hi s t i me .

Di f f er ent i at ed Funct i ons

Qual i t at i ve st udi es usi ng i ndi r ect i mmunof l uor escence have

shown t hat cel l s cont ai ned al bumi n and l i gandi n f or as l ong as

t he cul t ur es wer e mai nt ai ned. I n Fi g. 5 B i s a phot ogr aph of

cel l s st ai ned by i ndi r ect i mmunof l uor escence f or l i gandi n . I n

Tabl e I V ar e pr esent ed t he qual i t at i ve dat a on cul t ur es mai n-

t ai ned f or >3 mo. Al bumi n synt hesi s was conf i r med on day- 15

cul t ur es by i ncubat i ng t hemwi t h l abel ed ami no aci ds, homog-

eni zi ng t he cel l s, and r unni ng t hemon SDS gel s . Fl uor ogr aphy

of t he r adi oact i vi t y i n t he ar ea of t he al bumi n st andar d band

i ndi cat ed t he pr esence of newl y synt hesi zed al bumi n mat er i al .

Quant i t at i ve st udi es of bi l i r ubi n conj ugat i on and of t he pr es-

ence of ot her hepat ocyt e- speci f i c mar ker s have been submi t t ed

el sewher e ( 29) . I n br i ef , t he cel l s af t er 6- 8 wk on bi omat r i x

cont ai ned al l r eact i ons i nvol ved i n bi l i r ubi n pr oduct i on and

conj ugat i on . They wer e posi t i ve f or gl ut at hi one- S- t r ansf er ase,

gl ut ami c pyr uvi c t r ansami nase ( GPT) , and gl ut ami c oxal oace-

t i c t r ansami nase ( GOT) , and f or t he abi l i t y t o met abol i ze azo-

dye car ci nogens .

DI SCUSSI ON

We have devel oped pr ocedur es by whi ch one can i sol at e a
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por t i on of t he ext r acel l ul ar mat r i x and use i t as a subst r at e f or

l ong- t er m cul t ur es of nor mal r at hepat ocyt es . The use of i ndi -

vi dual component s of t he ext r acel l ul ar mat r i x f or cul t ur i ng

cel l s has l ong exi st ed . I nvest i gat or s have used pl at es coat ed

wi t h col l agen i n a var i et y of f or ms ( 3, 8, 25) and, mor e r ecent l y,

f i br onect i ns ( 41) f or pr i mar y cul t ur es of di f f er ent i at ed epi t he-

l i al cel l s . The i nnovat i on descr i bed i s t he use of a subst r at e t hat

i s a compl ex mi xt ur e of some of t he component s known t o be

i n t he ext r acel l ul ar mat r i x . The met hod of i sol at i on r ef l ect s t he

r eal i zat i on of a need f or mul t i pl e component s . As modi f i ed

f r om t he or i gi nal pr ocedur e of Meezan et al . ( 23) , t he met hod

i nvol ves a ser i es of sol ubi l i zat i ons t o el i mi nat e undesi r ed com-

ponent s and r epeat ed sel ect i on f or unsol ubi l i zed f i ber s l onger

t han 801í m. The sol ubi l i zat i ons el i mi nat e DNA, RNA, l i pi ds,

and component s sol ubi l i zed i n wat er or l ow- i oni c- st r engt h sal t

buf f er s . The advant ages ar e t hat t he pr ocedur es sel ect f or

nat i ve col l agen f i ber s and t hei r associ at ed noncol l agenous pr o-

t ei ns and car bohydr at es, component s known t o be i n basement

membr anes . As i ndi cat ed i n Tabl es I and 11, t he bi omat r i x

i sol at ed f r om r at l i ver i s composed of al l t he known l i ver

col l agens, some gl ycopr ot ei ns i ncl udi ng f i br onect i ns, and pos-

si bl y some gl ycosami nogl ycans . Fur t her char act er i zat i on of t he

noncol l agenous pr ot ei ns and of t he possi bl e pr esence of gl y-

cosami nogl ycans i s cur r ent l y under way . Mor e ext ensi ve char -

act er i zat i on of t he col l agenous component s has been pr esent ed

el sewher e. '

Use of t he bi omat r i x as a cel l cul t ur e subst r at e i ndi cat es t hat

i t i s subst ant i al l y bet t er t han ot her subst r at es cur r ent l y i n use

f or hepat ocyt es ( 24) . The at t achment and sur vi val ef f i ci enci es

as i ndi cat ed i n Tabl e I I I ar e dr amat i cal l y i mpr oved . The

pot ent i al l i f espan of t he cul t ur es usi ng bi omat r i x i s not known .

Some cul t ur es have been mai nt ai ned f or >5 mo . The pr esence

of vi abl e and f unct i onal hepat ocyt es has been conf i r med by

qual i t at i ve eval uat i ons of t he pr esence of l i gandi n and al bumi n

( Tabl e I V and Fi g . 5 B) .



FI GURE 4

	

Hi st ol ogy of cul t ur es of r at hepat ocyt es on bi omat r i x . Hemat oxyl i n- and eosi n- st ai ned cul t ur es of hepat ocyt es cul t ur ed

on bi omat r i x smear ed ont o cover sl i ps . The cul t ur es ar e 40 d ol d . A net wor k of channel s i nt er sper sed wi t h cel l s and aci dophi l i c

oval s i s seen . The aci dophi l i c oval s ar e dead cel l s t hought t o have been ki l l ed i n t he pr ocedur es f or i sol at i ng t he hepat ocyt es f r om

t he l i ver . I n subcul t ur i ng t he pl at es, t hese dead cel l s do not det ach wi t h col l agenase t r eat ment . The l i ve cel l s cont ai n nucl ei wi t h

pr omi nent nucl eol i ; t he cyt opl asm cont ai ns vacuol es of unknown composi t i on . A, x 200 ; B, x 440.

st er i nsul i noma cel l s di d gr ow on bi omat r i x . ' Thus, i t seems

At t achment and Sur vi val Pr oper t i es of Rat Hepat ocyt es on

	

t hat gr owt h of some cel l t ypes i s f easi bl e under t hese new

Var i ous Subst r at es

	

subst r at e condi t i ons .

The need f or col l agenous component s t o enhance sur vi val

of nor mal cel l s has been st r ongl y i mpl i cat ed i n ot her st udi es .

Recent l y, Mur r ay et al . ( 25) have shown t hat adul t gui nea pi g

ski n epi der mal cel l s at t ach mor e ef f i ci ent l y t o pur i f i ed base-

ment membr ane col l agen. Mi chal opoul os and Pi t ot ( 24) have

used t ype- I col l agen gel s t o mai nt ai n f unct i onal r at l i ver cul -

t ur es f or - 1 mo . I n anal ogous i nvest i gat i ons, Emer man and

Pi t el ka ( 8) used t he f l oat i ng col l agen gel s t o mai nt ai n pr i mar y

cul t ur es of mouse mammar y epi t hel i umf or 3- 4 wk . Our st udi es

cor r obor at e t hese i nvest i gat i ons and suggest t hat t he subst r at e

r equi r ement s, as ar e t he hor mone r equi r ement s ( 2, 35) of cel l s

i n cul t ur e, ar e mul t i l e and coml ex . Thus, l on- t er m sur vi valpp

and r et ent i on of di f f er ent i at ed f unct i ons by cel l s i n vi t r o ar e

dependent upon bot h ext r acel l ul ar mat r i x component s and

mi xt ur es of hor mones speci f i c f or each cel l t ype . I t seems

Dur at i on of t he cul -

t ur es

10" - 106

TABLE I I I

1- 2 wk 4- 5wk >5mo

* The %of vi abl e cel l s on col l agen gel s was qui t e var i abl e, r angi ng f r om 35 t o

60%. On t he aver age, - - 50%of t he cel l s wer e st i l l al i ve af t er 3 wk .

Whet her or not t he hepat ocyt es can gr ow on bi omat r i x i s

unknown, because t he i nvest i gat i ons i nt o t he gr owt h of t he

cul t ur es ar e i ncompl et e and i nconcl usi ve . I n r el at ed st udi es,

however , di f f er ent i at ed pr ost at i c t umor cel l s and Syr i an ham-

s Rei d, L . , N. Mi nat o, and M. Roj ki nd . 1980. Human pr ost at i c cel l i n

cul t ur e and i n condi t i oned ani mal s . I n Mal e Accessor y Sex Or gans . E.

Spr i ng- Mi l l s and E. Haf ez, edi t or s . El sevi er / Nor t h Hol l and Bi omedi cal

Pr ess, 617- 640 . Rei d, L. , S. Mackensen, Z . Gat mai t an, and B. Mor r ow.

Cul t ur e of di f f er ent i at ed cel l on subst r at es of basement membr ane

mat er i al . I n I CN Symposi um on Cont r ol of Cel l ul ar Di vi si on and

Devel opment , Mar ch 1980 . I n pr ess .
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Pr oper t y

Seedi ng

densi t y Pl ast i c

Subst r at es

Col l agen

gel s Bi omat r i x

q

At t achment ef f i - 10' 25 30 85

ci ency 105 30 45 77

106 55 70 10

Sur vi val ef f i ci ency 10° 0 =50* >95

of t he at t ached 105 0 =50 >95

cel l s at 3 wk 106 0 =50 >95



FI GURE 5 I mmunof l uor escence st udi es of bi omat r i x and hepat ocyt es on t he bi omat r i x . ( A) I ndi r ect i mmunof l uor escence f or

f i br onect i n on r at l i ver bi omat r i x . The pr ocedur es used ar e gi ven i n t he Mat er i al s and Met hods . The bi omat r i x, i n cont r ast t o t he

col l agen gel s f r om r at t ai l t endons and f r om ski n ext r act s, st ai ned i nt ensel y by ant i f i br onect i n ser um. ( ß) I ndi r ect i mmunof l uor es-

cence f or l i gandi n i n r at hepat ocyt es cul t ur ed on r at l i ver bi omat r i x f or mor e t han 2 mo . The cel l s st ai ned equal l y wel l wi t h

ant i ser um di r ect ed agai nst al bumi n . A, x 260 ; 8, x 570 .
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* Eval uat ed by i ndi r ect i mmunof l uor escence as descr i bed i n Mat er i al s and

Met hods .

$ Al bumi n synt hesi s conf i r med as descr i bed i n Mat er i al s and Met hods .

appar ent t hat det ai l ed i nvest i gat i ons ar e r equi r ed t o el uci dat e

t he r el evance of each of t he component s of t he bi omat r i x or of

ot her ext r act s of basement membr ane mat er i al t o t he sur vi val ,

gr owt h, and di f f er ent i at i on of cel l s . The dependence of epi t he-

l i al cel l s on basement membr ane component s i s a r ef l ect i on of

t hei r dependence on t he epi t hel i al - mesenchymal i nt er act i on

t hat has been st udi ed i ncr easi ngl y i n a var i et y of syst ems ( 6,

10, 13, 15, 17, 28, 34, 36) . I n addi t i on t o t he basement mem-

br ane component s, Gr een and hi s col l eagues ( 13) and Hat a

and Sl avki n ( 15) have f ound t hat t he mesenchymal cel l s pr o-

duce a sol ubl e pr oduct t hat i s pr esent i n condi t i oned medi um

f r om cul t ur es of mesenchymal cel l s and t hat i s i mpor t ant i n

t he r egul at i on of gr owt h or di f f er ent i at i on of t he epi t hel i um.

Thus, t o est abl i sh nor mal cel l s i n cul t ur e wi t h r et ent i on of t hei r

cel l - speci f i c mar ker s wi l l r equi r e t echni ques r ef l ect i ng a syn-

t hesi s of t he many compl ex var i abl es now known t o i nf l uence

cel l s i n vi t r o ( 2, 13, 14, 16, 18, 35) .

The r esear ch was suppor t ed by U. S. Publ i c Heal t h Ser vi ce gr ant s

( AM17701, GM19100, and P30CA1330- 66) and by Amer i can Cancer

Soci et y gr ant s ( BC- 301 and PDT- 13 l ) .

L . M. Rei d i s suppor t ed by a Si nnshei mer Car eer Devel opment

Awar d .

A pat ent on t he pr ocedur e f or i sol at i on of t he bi omat r i x has been

submi t t ed by Al ber t Ei nst ei n Col l ege of Medi ci ne .

Repr i nt r equest s shoul d be addr essed t o L . M. Rei d, Depar t ment of

Mol ecul ar Phar macol ogy, Al ber t Ei nst ei n Col l ege of Medi ci ne, 1300

Mor r i s Par k Avenue, Br onx, New Yor k 10461 .

Recei ved f or publ i cat i on 6 Febr uar y 1980, and i n r evi sed f or m 20
June 1980.

Not e Added i n Pr oof : I n subsequent st udi es ( Rei d et al . , manuscr i pt i n

pr epar at i on) , bet t er del i pi dat i on met hods wer e t r i ed and adopt ed. The

det er gent s wer e f ound t o l eave t oxi c r esi dues on t he mat r i x . For some

t i ssues wi t h si gni f i cant l i pi d deposi t s, t he l engt h of t r eat ment wi t h

det er gent s necessar y t o el i mi nat e t he l i pi ds pr oduce a bi omat r i x t oo

t oxi c f or cel l cul t ur es . Del i pi dat i on wi t h but anol / et her mi xt ur es has

pr oved a vi abl e al t er nat i ve . But anol / et her sol ut i ons at 40 : 60 r at i os can

be l ayer ed over an equal vol ume of di st i l l ed wat er . The bi omat r i x i s
vor t exed i n t hi s mi xt ur e ever y 5 mi n f or 0 . 5- 1 h .
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