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Abstrace - When grown in morolayer cnltuve af low densify
and with the wlidition of seram, cartilage cells dedifferentiate or
are overgrown by [Threbled-like celle. The aim of this study was
o optimize the coaltivation of chordrocstes dn monoldyer culiiee
and fo slow down their transformdation or heir overgrowtl by
Jibroblust-like celle. TThe fnteraction betwesn chopdrocvles and
curtilage-specific mateiv v mediated Tirgely by the (01 subfamily
af integrin recepiors. This inferaction can he repulaled or
synergized by grewih fuctors, swch as JGF-L whicl stipudates
srirery cleomdrocyte funetions.

For thiv eeason ivolated chondrocytes of cartilage anlagen
Jron 17-day olid mouse embryos were prown on collagen bipe
H-conted  substeates with or  withowt the addition of TGE-I
(Tnsulin Like Growth Facterd). Using this model ehondrocytes
grown an collagen fype I with or without TGF-I maintained
their rornd phenotype until the end of coltivation, The meatrol
red avsay revealed that chondrocytes eulfivated on collngen type
I in the presence of evogenons JGF-I, showed o significantly
Righer density of chondrocyte adbesion from the beginning af
enliivation arwards in compartsen o chondrocetes caltivated or
collupen type I withowt DGF-T treatment. The cartilage-specific
surfirce receptors [intepring of the [l-group) could alee be
demenstrated on the membrane af these cells. Chondrocyles
treafnment with [P,
restelted i mived caltures comsisting of Throblestelike celly and
Fotad the uf
cultivation onwards. After @ § fo 5 duys eulfnre period, [l
[fibrohlast-like cells predorimated,

Hence, collapen tvpe If and [GFD prevent chondrocite
dedifferentiation to fhroblalike eclle and this model allows
pure chopdrocyle culiure.
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cultivated on plestic with or withen!

chondrocytes  as  observed  from heginning
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INTRODUCTION

When chondrocytes are grown i monolayer culture
on dishes coated with collagen type | or on plastic, they

dedifferentiate 1o fibrohlast-ike cells. They lose their
polygional  phenotype and  become  spindle-like shape
that resembles  that  of  fibroblasts, Under  these
conditions, they produce collagen type T instead of lype
[l aund fewer profeoglveans [ 1,8).

Differentiation  of  chondrocytes  in culiure 18
supposed o be dependent on the culture conditions,
such as cell densiy and mediom, as well as on
hormenes and growth factors (5,100, Tt s known that
hormones (12,14} and  growth  factors (15,17),
interleukins  {18), prostaglandins (19207 and  bong
morphogenetic pratein (BMP} (21.24) may mfluence
differentiation, metaholism and activity of chondrocytes
or stabilize their phenotype. The matrix, 1o, i of great
significance for the regulation of differentiation and
function (25,263, The TGS (Insulin Like Growth
Factor-1) vsed for our experiments also stimulates
profiferation and differentianon of choodrooytes in vivo
and in vitro (27,34) and matrix synthesis {incorporation
af sulphate o protecglycans).

Hence, the morphology of cartilage cells s the
result of an inlensive interaction heteeen cells and their
surrounding. This interactiion s partly mediated by cell
membriane  receplors,  e.p.  integring which - are
heterodimeric trapsmembrane molecules composed of
an (- and a j?-suhunh. They consist of a large
extracellular,  a  lransmembranous and a0 short
eytoplasmic domain. The extracellular domaim s able 1o
hind o various extracellular matrix ligands, sueh as
collagens, fibronectin, luminn and vitconectin (35,37).
Integrins of the Jl-group have been demonstrated in
cartilage tissue in vivo as well as i vitro (35,44,

The phenotype of cells s an important indication of
the function of cells in vilro, Plattening of the mostly
round  chondrocytes  with the  formation of  a
fibrablast-like phenotype s accompanied by a change of
the synthesis  programme, eg. svimbesis of collagen
types 1 and 101 (45,46} Hounding of the cells, however,
is associated with the synthesis of collagen type 1T and
cirtilage-specific protecglyans (43 47,48).

The resulis of this study indicate that colligen type
[l-coating and addition of the growth factor TGF-
influence proliferation, the adhesion behaviour of cells
and the mamntenance of the chondrocyle phenotype in
wvilrin,



MATERIALS AND METHOID!
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Antihodics: Pulyclonal antibody agains ﬁ] Wils
wntained from Chemicon International, ne, Temecola,
CaA, USaL Colwgen types | oand 11 were isolated and
purilied s Eogvall and  Ruoslahtn {449,
Folyclonal antibodies agains 1h s W Taised
in rabhits; specifiony was controlled by the ELISA
lechnique {300, CrAR-10 pme-conjugated
goit-anti-ribba immunoglabulin L am eld
puarticles wis obtained from Amersham [ Braunschweig,
Crermarny].

Ham F-12 nuirient misiure contaming 13% FOS, 75
peimlowseorbic aeid, 50 TUAnL streptomyein, 50010 ml
penicillin. and  2.5% weiml amphotericin B (Seromed,
Munchen, Cermanyy. Nueneleon dishes: 35 i 210
o merotiter plaes (Yo-well platesy (Nene Inter Med,
Denmark); Epen and Thermanos (Pone, Marburg,
Giermuny). HMIYS: hexamethyldisiloean, neutral red,
Irypsin (Bl 3.4 CAGE-D and Collagen type 11 for
coating (Siema, Munchen, Cermany), coll
clostridivm - histabticum, 015 1T img,
Mannheim, Ciermany .
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I, Chondrocyvte cultures

Chondrocyte cultures of epiphvseal cartilage have
Bean described in detail by Grundmann et al (5] and
Shakibaci (7). Briclly, skin of upper and lower limb
buds from 17-day-ck] moese embryos were removed
and the remaining parts placed imo Hanks salt sclaton.
Musch: and compedtive lssue were removed By trypsin
treatment (L2795, lor 300 mm cach at 3700
Epiphyseal cartilnge wus separnted from the anlage of
the long bones and shaken in 0.2% oollagenase m
Hanks BSS for 60 mm w3700 Adter centrifugation, the
cells wiere twice with Ham F- 12 groweh
mediom. subscguently, the washed chondrooytes were
resuspended in Ham F-12, counted and their number
adjusted 1o L3 X 10%ml. The
monelayver  culture, for scanning  electron and  ligh
mierascopie  meestigations on Thermanox and
plites,  for  transmission electron
imvestigations in Petri dishes qnd for the newtral red
assay onomierotiter plates, Caltivation was performed os
follows:  on eollagen Iype I coated
withfwithour TGE-D (1000 ngimiy. The cultures were
grown in an incubator at 370 and with 3% COy The
medium wis changed every 3 days, Cells of Ll;|§ [
day 17 the rerjold  served  for
mvestigarions,
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1. Collagen coating

Thermanox,  glass and  microliler plates (9wl
plates} and Petri dishes were coated with collagen o
{05 - 2 mgiml in 0.25% acetie acid), air-dried an
placed under UW-light over pight, The plates were
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watshed three times with PES prooe 1o use,

A Transmission electron miceoscopy (TEM)

The cartikige cultures were fied in Karnovsky's
solution or i g misiere of 1% glotaraldehyde plos 1%
fannic acid i PES followed by posi-fixation in o 2%
Uty solution. Afer rnsing and  debydration the
material was embedded 0 BEponooandocarousing an
Ulltracut (Reichert),  The  uhrathio
contrasted with 2% urnnyl cectate and Jewd citrane and

SECHIONS WU
expmined under w Aeiss EM U transmission electron
IMICrscops,

4. Immuneeclectron microscopy
Pro-cmbedding TEM: For lhe
clling of collagen tvpe 1T and fibronectin the

Lechnioue  [or

mmun
cells were moubated with byaluroniduse (30000 10l

e 15 min for 3 nun a0 KT Afler two iimes rinsing
willhy medim, the cells were meahated inomedium witly
the  prmary aotibodies  feollagen tvpe 10 L300
tromestin 30 inlegrin I.'{f] 30 i mediony for 10
min il 370 This was Tolliswed by rinsing with medium
[ 3 = 5 min und ineubation with the secondary
antibody  (GAR-10 am B3 Tor 10 man w3700

Subsequently, the cells were washed with medivm and
limext with 2% plutaruldehyde for 5 min Comrasting,
delpdration,  embedding, sectivnmg and - microseopic
exRamination were parlormed as described abhove,

3, Heann

ng electron microscopy (S1EM)

The chondroayies grown on Thermanoy plales were
fined with 1% gloaraldebyds for 5 pun, follosved by
post-{sation with 1% U0y foe 3 min, dehydration with
cthanol in the  ascending  aloohol nun
wcubation in HMIXS and then air-dried. The samples
were pold-cogted with a1 Techoies Hummer % and
cxamimed under a Cambridge Stereoscan (250 MEZ)
seannmy eleckron microseope al 20 kY,

SO, 5

6. Neutral red assay

The freshly solated chondrocytes were grown an
micrediter plites costed with collagen type 11, One pan
al the hedes was treated with TGE-D (1000 ng/ml) Trom
he beginning of cullivation The
chondrocytes were quantilied every 24 hoeurs using the
reutral red assayv. Adter rinsing with mediom (3 umes),
1l meatral red mediom (0475 red in
medinm withoul serum) wiere placed inko cach hole and
imneuhated 2 hours at Clnaly adherent vital

anwarcs, adherent

neutral
o 2 37
chondroovies stined, Afer incebation, the medmm wis
remoned, fixel will 29
paratormaldehyde for 2 man and meabated with ehaonol
amd 1% aeetic acicl, The microetiter plate was shaken for
200 min and the released stan measured  using @
muicroplate reader (SUT-Labinstruments, Avstria) and a
340 mn lher,

the cells Were




Chondrocyte phenotype in menaolayer culture

RESULTS

I. Scanning electron microscopy

The chondroedytes grosen on collagen type 1T weth or
without TGF-I abways exhibited @ roond o oval shape
and - nomerous small ridge-like or cospidal surface
processes [rom the beginnmg of caltivation  onwards
[Fig. la). Adter 3 10 3 days, the number and density of
thee chondrocytes had inereased. After a cullure period
al 17 days the remaining chondrocyvtes had maintained
their rownd e oval shape, They were embedded in oa
network of newly formed eollagencus [brils, In the
second week ol the culture period, more and more cells
detached  [rom the substrate Jeaving & npetwork of
fibrillar material, partly in the form of a percellular
capsule. Chondrocytes cultiviated on collagen ype 1T in
presence of exogenous 10E-1, showed & significantly 1he
higher  density of chondrocvie adhesion from the
beginning  of cullivation  anwards in comparison 1o
chondrocvles  cultbvated  on collagen type 11 withow
treatment with TGE-D (Fig, Thy In experiments without
collagen type 11 and with or withowt TGF-L o mixed

oultare consisting of fibroblast-like  cells and  round
ctthmL}'Icﬁ was  omserved  from the beginning
amwards. Aller w3 w0 5 days culture period, O
fibroblasi-like cells predominated (7).

2. Transmission electron microscopy

{a) Dne day alier the beginning of cultivation the
cirtilage cells exhibnted o round shape and comained o
by ouclous, muonerous cell organelles, a well-developed
rough - endoplasmic  reticulum and o large  Gaolgi
apparatus. Ther surface showed small ridge. like and
cuspidal processes. After a 2 days colture period a thin,
pericellular matrix nme consistng of fine (<10 )
irregularly running Gliments could b demonstrated
extracellularly on the cell sueface (Figo 20 In the
[ollewving days the gquantiey and thickness of fibrils in
this extracellular rim increased. but the marphology of
the cells did not change until the end of coltivation. The
cells  were surrounded by oa capsule  of  ypical
collagenous brils which were arranged  mainly singly
and irregularly bl more or less parallel to the surface,

Fig. La-h. Scanning electron microscopic investigations of chondrocytes in monolsyer culiure,
ar Culture pericd: Tdays, when the chondrocyles are cultured on collagen tvpe 11 (%3 the dedifferentiation did not ocour and the

cells maintained their round plhencrype,

b Culvwre period: Tdays, when the chondracyies are cultivated on collagen tvpe 10with addition of 1GF 1 it revealed a higher

density aof the chondeocyles showing an improved adhesion and higher proliferation rate, a= x 350, bar =

20 pm.
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20 um; b= X350, b =
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Fie. Za-c Transmission and immunotransmission electron microscopic investigations of chondroeytes after & 2 days culiure pericxd
i monnlayer caliure.

ar Chendrocyles (O showed o round to oval shape and Tormed a thin matrix cim on thew surface (arrowheads) o= nocleus. X
LS, b= 1L5 pum.

b lmunelabelling aganst collagen tpe [ (arrowheads ) on the surfaee of o chondroeyie rovealed a cartilage-specific matris, X
AU, Bar = thE am.

e Immunelahelling of chondrocytes against integrin ﬁ.. Acdense labelling (arrowheads) is seen on the surface of the
chondrogytes, X 450K, b = 002 pm.
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Chondrocyle phenatype in monolayer culture

25 70D at 540 nm

21

Neutral Red Assay

Iqul.Iagen Il
ﬁCnlIngeu IT + IGF-1

Days

Fig. 3. Neuiral red adsorption at 340 nm. The effect of collagen type H-coating and [GE-Ton the number of chandrocytes in

monalayer culture. The adherent chondrocytes grown on collagen tvpe [Twithout TGEF-Dahowed aoweaker absorpuion ol neutral

red than those chondrocytes treated with 16GF-L In both experiments an absorpiion of peutral red was achieved up tooa E7 days

culture period. The mean vialues and standard deviation from three independent experiments are indicaled.

O = Opucal density.

{B) Immunomorphalogical investigations using the
"pre-embedding technigue” and
pold-conjugated antiboedies against primary collagen and
fbroneetin antibodies showed that the pericellular Ghrils
consisted  of collagen type 11 (g, 2h) and  thai
fibronectin was locited between the collagenous fbrils
(ot shown). This chservation could be made as carly
as aller a 2 s culture peried. Immuanomorphological
investigations did - ot reveal collagen tvpe T in the
cartilage matrix when grown onoa collagen type I1
siabstrane, lntegring jl'?l (Fig. 2oy were observed on the
surface of the chondrocytes [rom the frst antil the last
day of the culture period,

secondary

3 Neotral red assay
The experiments with collagen type TT coatimg but
IGF-1
content, L.
umil days &Y. Thereafter, the neatral red content
decreased until the end of the culture pericd (day 17).
Chondrocyles on collagen type 11 which had  been
treared the  growlh  fuctor [GE-

without revedled an ncrcuase i neatral red

in the number of cells (see [hscussion),

with showed  an

increase in the cell number from the beginning of

cultivation onwards as compared with the cells no
reated with [GEF-T (Figo 330 The experiments without
collagen type 1T coating shall m be considered in this
context, since we ohserved @ ommed  population or o
pure populiation of fibroblast-like cells.

Taken rogether, the neutral red assay s hased on an
active staining of lyscsomes (31,350 Any changes in e
storige OF neatral red might, therefore, may be due o
an inhibition or stimulation of the hsosomal sysiem.

142

Huwever, ussuming a constant activiey of the vsosomal
system, the changes in the waloes can be attributed Lo
alteranions i the cell number, These resulls indicate a
positive effect of collagen type 11 and IGE-1 on the
chondrocyte differentiation and

stabilisaton  of

adhesion,

DISCUSSION

Chondrocyles grown 0 monolayer colture o low
depsity  and Hwe  addition of
dedifterentinte, wherehy their cell shape changes, or
they are overgrown by Obroblast-like cells (18,353,000,

with serum o cither

lowios shosn that chondroevies, when grown on
callagen type 11 with the addition of TGE-]L are able 10
sunvive tor o long period withool changes ino their
morphoelogy and the scerction product, Under these
conditions the chondroevies praduce collagen type 1]
and express a pattern of surface receptors (inlegrins af
the Iﬁ'l- groupl. The interaction between extracellular
mate and o cells [h
behaviour af chondracytes, T leads 1o an aetivation and
stubiliztien of cartilage cells (40,41,61,604). Moreover,
15 kooran that 1GE-D dilTerentiation,
proliferation and matris Tormation o vivo and o vireo,
thus  homng o be:hirviour
(2530313334 065).

The peutral red assay s based on an active slaining
of lysosomes (51,55). Any changes in the storage of
neutral red might, therelore, be due o an inhikition or

VIl receplors  can FC5113|£1|1f

inllences

regulator  of  cartilage



Howvewer,  al
constianl activity the changes o the walues can hbe
attributed o alterations in the cell number, Electron
microscopic inspection did not confiem an influenes on

slimulation  of  the lysosemal o system.

the lvsosomal svstens sa Ui a regular stining could be
assamed and the lnding e ascribed only e a change in
the cell number. The data abtained 24 hours aller
hesmming of cultivation and alter additiom ol the stain
mrast oy heoaseribed 1o e sdbesion behaviour,

sinec it Likes ot least 24 howrs hefore the chondrocytes

Ve OVETCOTTI malation and culiivition shock and

proliferanion is triggered. This explanation s confirmed
o the data oblained as carly as after | howr after the
beginning of cultiviion {nod shown bere ). Inocontrast,
the changes in the values measured after 2 10 17 days
could  he ainbaled predominantly elther 1o
rofiferation ar 10 ecrasis,
When o grown o on SUBEITALES,  NUmMCTous
L-like adiere from the  hoginning of
culivvation omwards, Cartilage Trom DPadayaold mouse

plistiv

filhredd velis

letuses undoubiedly consist ol o heterogeneoes cell
popalation (5.7.067. Fibrehlasts attached 1o the outsile
of curtilage wnd perichondeal cells are certainly also
relensed dee e cigymatic reatment. A great nwember
al the fibeablast-like cells which inorease in number in
the colla
source, L we are e

dhaeney ol ren coating derives from this
with impuritics and later on
Lot could Beoshown with
certaimy  that round  chondrooyies grow an plasie
ol s

wilit overgronw .

cedifferentiate alter a

suhstrates couple
(375088 Henee, some ol the Obrablast- like cells
might have been formed inothis way, 10 has 1o be

comsidercd  that due e Oboehlas-like cells other
collagen  lvpes,  proteoglyeans,  factors and - matrixe-
degradime eopymes  ger ine the mediom and
sddditiomally inluence the behiviour or dedifferentiation
el the chondrecvtes. Henee,  the absenoe ol

filrhl

sl-like cells on volligen coating alter 1O digs 0
vire lareely depends on the mi vergrowll and is

pemsible consequenves. On the other hand, a0 posiive

i

elfect of e stabilisation  of
chondroeyle ditferentition can, aparl o the hetter
adhesion and hugher profiferition e, el B excluded.

‘The

wpe ILoon

preterentil adhesion ol
Lvp
adhesion al

NS HTNEINE

chondroeyles o

cullagen [-coated  subsirates and 1he missing
[tbroblasi-like indicale o spectlic
Somentegrins ol the 130-groap are

ells

il le on e surfaee of chondroovles G specilic
hinding. This miegrin patlern occurs 0 cirlilige m vive
JEAbed . Consequently, any Blockae vl

imtesrins of this growp shoukD Teedamentally miluenee

anel o

the  wadbesion behoaviour, And ondeed,  adbesion on
collagen type 11 can clearly he reduced by anmibedies
against integrins. Imegrn 130 untibodies ock 1he

acdhesion of chordroeytes e colligen tepe 11 and these
spetk for 2 partepation ol integring i the adbesion

Acta Medica Iranica, Vol 35, No & (20005

process ($0.41,677
Tl

of IGF-T on proliferaticon,
differentianion and  funetwn ol chondrocytes is owell
kneean {333 3405 68 When cartilage cells are grown
on plastic substrates this elfect s ool seen, oo other
words, 5 days after the heginning of cultivarion and the
b= only  [ibrehlks-like sull oear,
Horaever, when grown on colligen type 1 with or
without  T0F-1L all eells shoss o round shape and
cartilage-specfic [unclions, @8 reveied by elecioon
microscopy  and  immunomorphology, Aller 9 days,
and  more become neirelic any
mdication ol a preceding dedifferanizton,
flactening. The elfect of G- s shown morphalogically
by the creater nember of chondroeyles, Sinee after 1 or
24 hours withowt the addition of JGI-T the cell
numbers are distinetly lwer, & positive effecl ol s
substanee oo the adhesion behaviour can be assumed.
Since, on the other hand, aller o dayvs the effect of
[E-1 on the cell number s larger, an merease in the
proliferation rate can addimionally b supposed, Later
en, Lrom day 9 1o 17 with or without TGE-D the cell
mumbers continuously decrense which can he attributed
10 necrolic o The mechanism of necroses,
hesaever, cannat be assessed with cerlainty, since mast

use  of cells

1T cells withoult

L,

A5,

of 1the cells detuch from thwe subsieate @t this stage, The
Fewe colls which could be demonstrated during necrosis
showed mdications of @ swelling of the orgmelles and
fragmeniation  of  Lhe nembrang, CTherelore,
apoplosts most probably does ool oceur. The differencs
e 103150 effect hetween plastc and colkagen-coared
cunnol  be explained  with morphological
means, Olbwinesly, the chondrocytes must fave fully

cell

suhstrales

L
coll tepes (Obroblst-like cellsy must ool counteract with

Gictors ele. The absence of dedifferentiation. processes

srentired i order teorespond o 1GE-1 and other

ol chondrowies grown on collagen type T in monclyver
culture and e immediate
il ndings, The collagendeell contact apparently
slabilizes cifferentinticn untl the
The mate ol mecrosis owatly aodd withot

Lransiliom 1 necrosis are

10 onsel ol ne
[ -1 sacduition
then rans pacallel, Since. hosveser, muore cells o

1515,

present after the additien af 1GE-T, more cells are sl

avitilile an i

enel ol culliveduon (e oy U7 and 1he

culture can e osed for o longer pericd,
Tl clitferent oG-
Presdmens i dependenee on the suhstrate can hardly be

hehaviour of the cells afl

caplained By ooor present knowledge of the JGEF-L mode
al aetien. JOP-1 aemmates terosine receplor Kinase via
it binding e the receplar. This receplon
Kimase, on Qs parl, activates  other proetein kinases,

LVTOEITI

[Turing these processes engymes o rmnscription tetoers

are swtwitbed or mactivaled and glucose RomeosLiss,

profilesiiion and dillerentinion Processes an

reaulaled
LT

Phus, s pessable o preserve o pure chondroeyle



Chopdrocyte phenotype inomansbsyer colwree

moenelayer culture for mere than 1 oweek o selligen
type  [l-ooated Treatment with TG
increases the amount of chondroeyles and extends s
usability 1o 3 weeks, These indings can be explained by
the dilferem adbesion behaviour ol chondrocles and
filraialust-lke ype TT-coaned
subsirates and the higher adhesion and prolferation
ranes lter addition of 111

substrares,

cells on collagen
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